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Abstract. A structural aspect is an aspect whose action consists in
changing the structure of a program element, for instance by adding a
method to a class. So far, very little has been done in the community to
address the issues arising from interactions of structural aspects. In this
paper, we present a classification of potential interactions of structural
aspects, and highlight possible resolution schemes for such interactions.
We are now working on a comprehensive solution to these issues in the
context of Reflex, a versatile kernel for multi-language AOP in Java.
For the detection of these interactions, we are exploring the use of a
logic engine, capable of reporting subtle interactions between structural
aspects.

1 Introduction

Although most of AOP approaches focus on behavioral aspects following the
pointcut-advice model of AspectJ [5], structural aspects, as exemplified by inter-
type declarations (aka. introductions) in AspectJ, seem to find quite a number
of applications in real cases. A structural aspect is one that, as part of its action,
modifies the structure of program elements. Mostly, structural aspects in current
proposals are able to add members or interfaces to classes, and to change the
class hierarchy.

As this kind of aspects becomes popular, the case of their interactions turns
out to be crucial. Although most work in the community related to aspect inter-
actions only deals with behavioral aspects, some proposals are starting to emerge
that deal with structural aspects [4, 7]. The basic idea is that since aspects mainly
base their cut on structural properties of the program (possibly augmented with
dynamic properties), the fact that some aspects may alter this structure can
result in inconsistencies and surprises due to (hidden) dependencies.

In this paper, we propose a first analysis of the possible interactions of struc-
tural aspects adding structural elements, and sketch a general approach for their
automatic detection, while highlighting desirable resolution schemes. We do not
explicitly deal with the dependencies between structural and behavioral aspects
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here (elements can be found in [7]), nor do we focus on changes to class hierar-
chies for now.

2 Possible Interactions and their Resolution

In this section, we propose a classification of structural interactions, and list
the possible resolutions that one would expect from a comprehensive system
truly supporting structural aspects. We distinguish conflicts occurring from the
interaction of an aspect with the original base code, conflicts between actions
of (at least) two aspects, and dependencies between the action of an aspect and
the cut of another one. For each category, we give a general description of the
syndroma, a few examples, and a list of desired possibilities of resolution. Note
that every suggested possibility is a priori always applicable.

In the following, a structural element denotes any piece of structure in an
OO program, i.e. a class, interface, annotation, field, method or constructor.
The actions we consider are the addition of structural elements to the base
program, e.g. a new class, a new method to a class, or a new annotation to a
field. A structural container is an element containing other structural elements;
for instance, the VM is a structural container of classes, a class is a structural
container of members, and a member is a structural container of its annotations.

2.1 Interactions with Base Code

Syndrome An aspect adds a structural element which is already present in
the base code.

Examples Add class C but C already exists.
Add method m to class C which already has this method (either
directly or via inheritance).

Treatments Skip the action.
Combine element to add with existing one (*).
Modify the aspect to avoid the clash.

(*) By combining, we are referring to a mechanism similar to what is proposed in
composition of traits [6]: explicit aliasing of conflicting members and definition
of a combination based on the aliased members.

2.2 Interactions between Actions

Syndrome Two aspects add an element with the same signature in the same
structural container.

Examples Aspects A1 and A2 add a class C.
Aspects A1 and A2 add a method m to class C (either directly or
via inheritance).

Treatments Skip one or both of the actions.
Combine both elements to add in a single one (*).
Modify one or both aspects to avoid the clash.



2.3 Interactions Action-Cut

Syndrome An aspect adds an element which belongs to the intensional cut
of another aspect.

Examples Aspect A1 adds a class C to package p, and aspect A2 adds a
method m to all classes of p.
Aspect A1 adds an annotation to all fields of class C, and aspect
A2 adds a field to class C.

Treatments Make added element visible or not to (the cut of) other aspects.
Control order of application of aspects.

3 Towards Automatic Detection of Structural
Interactions

Admittedly, a crucial part in aspect composition lies in the detection of the in-
teractions [3]. As a matter of fact, aspects typically use intensional definitions of
their cuts, so the developer can have trouble foreseeing the possible interactions
between a given aspect and the base code, and between several aspects. It is
therefore crucial that the AO system detects and reports on interactions.

Some interactions (action-base and action-action in our classification) are
easy to detect since they result in compilation errors (e.g. a class with two
methods of the same signature). AspectJ for instance reports on this class of
conflicts, since the compilation process cannot go any further.

More subtle is the case of action-cut interactions, because there is no compi-
lation error implied, nor are the dependencies between aspects easy to see – in
particular if the cut and action languages are Turing-complete. In order to detect
these interactions, we must be able to reason from two sets of pieces of informa-
tion: which aspects look at which structural elements for their cut and action?
which aspects change which structural elements as a result of their action?

3.1 An interactive composition process

In order to give the programmer the necessary information to compose the as-
pects together, we require a mechanism to detect and report the interactions be-
tween aspects. In our proposal, this detection mechanism is integrated in a wider
process for aspect composition. This process aims at presenting the detected in-
teractions according to the specifications of the programmer. The programmer
can specify rules of ordering, visibility, dependencies (e.g. mutual exclusion),
etc., in the line of what is proposed in [7]. The issue of how these specifications
affect the detection mechanism is not dealt with in this paper.

3.2 A logic-based approach

The approach we are currently exploring is the use of a logic engine connected
to our AOP platform supporting structural aspects (Reflex [8, 7]). This is feasi-
ble and interesting to do, as explained in [2], because this part of the system is



strongly logic-oriented and including logic programs has become efficient enough.
The current implementation of detection and resolution of interactions between
behavioral aspects in Reflex is purely Java-based, and the obstacles we encoun-
tered strongly motivated this change of implementation approach.

As any logic engine, our system uses rules which reason on a set of facts.
These facts represent what is done within Reflex and are generated as explained
in the next section.

3.3 Rules and facts

Fact generation. Facts representing what happens in Reflex and on the classes
of the program being manipulated are generated at different levels:

– Upon introspection, entities from our structural model (classes, meth-
ods, fields, etc.) generate logic facts indicating that they are being ob-
served by a given link. For instance, link l1 cuts the classes which
have a field with the annotation @Persistent. It first accesses the pool1

of fields of the class and then, on each field it accesses the pool of
annotations of the field and finally, on each annotation, it reads its
name. Each structural element generates a fact when it is being ac-
cessed and therefore the class generates the fact that l1 reads its pool
of fields (readFields(’l1’,’C’).), each field generates the fact that l1
reads its pool of annotations (readFieldAnnotations(’l1’,’C’,’f’).)
and each annotation generates the fact that l1 reads its name
(readFieldAnnotationName(’l1’,’C’,’f’).)

– Upon intercession (i.e. structural changes), structural elements generate
logic facts indicating the changes being made. For instance, class C generates
the fact that link l2, applied on class C, adds the annotation @Persistent
on the field named f, in class C2 (C and C2 may not necessarily be the same).
That is addAnnotationToField(’l2’,’C’,’C2’,’Persistent’,’f’).

– Upon specification of rules of ordering, visibility or dependency, additional
facts are generated. These facts are not directly involved in the interactions,
but they influence the detection as they determine the scope of the aspects
and the feasibility of the interactions.

Accuracy of detection vs. expressiveness of the cut language. Regard-
ing all the facts generated during the introspection, the question of the accuracy
of the detection naturally arises. In fact, there is trade off between expressive-
ness of the cut language and the accuracy of the detection2. In Compose* for
1 We say that each class has a pool of fields, a pool of methods, a pool of constructors,

etc. Similarly, other structural elements may have pools of other elements, such as
annotations.

2 The action language does not cause any problem as, in Reflex, we precisely know
what changes are effectively done since structural entities know what changes are
performed upon them, as well as by which link. So the facts generated for structural
changes are accurate and always correct.



instance, the cut language has limited expressiveness (it is not Turing-complete)
and greatly resembles a logic language. Hence with such a language it would
be straightforward to ensure that only appropriate facts are generated. On the
other hand, this means not being able to express advanced selection criteria,
e.g.: cut every class which has a method with a specific annotation, but no more
than three annotations, exactly four parameters and two of type int.

The path we choose is to keep the expressiveness given by our reflection-
based model (i.e. cut and action are expressed as Java methods manipulating
reifications of the structural elements). Then there are two alternatives: (a) the
structural elements automatically generate logic facts as they are being observed,
(b) the user explicitly specifies (e.g. as annotations or using an embedded DSL)
what the cut does.

In the first case, there is a possibility that too many facts be generated.
For instance, in the example introduced in section 3.3, only the fact that l1
reads the name of the annotation on a field is relevant as it was the intention
of the programmer. The two other facts may lead to non-existent interaction
detection as they get involved with other rules. Therefore we detect spurious
conflicts, but this is arguably better than missing effective conflicts. In the second
case, an explicit contract is actually expressed by the aspect programmer, and
hence we can generate the facts that precisely correspond to the intention of the
programmer. On the other hand, it is the burden of the programmer to declare
this contract. At present we are rather exploring the first alternative.

Rules. Along with the three kinds of facts generated, we define rules for de-
tecting interactions. These rules follow the principle of section 2.3: they look for
actions interacting with cuts. Below is an example of the minimal rule which
detects all interactions between aspects that adds an interface to a class and
aspects that cuts classes with that interface:

interactInterfaceName(Link1,Link2,Class1,Class2,InterfaceName)
:- readClassInterfaceName(Link1,Class1,InterfaceName),

addInterface(Link2,Class2,Class1,InterfaceName).

Class2 is the class on which Link2 is applied and Class1 is the class where Link2
adds the interface with name InterfaceName. The result of the detection using
this rule is a tuple which is to be understood as: ”Link2 interacts with Link1

because Link2, applied to class Class2, adds the interface named InterfaceName

to class Class1, while Link1 is looking for that interface on class Class1.”
An interaction rule can also take into account aspect ordering specifications

and/or visibility of structural changes [7] in order to report or not an interaction:

interactInterfaceName(Link1,Link2,Class,Class2,InterfaceName)
:- readClassInterfaceName(Link1,Class,InterfaceName),

visible(Link2,Link1).
addInterface(Link2,Class2,Class,InterfaceName).



The above rule extends the previous one in order to take into account the fact
that modifications done by Link2 are visible to the cut of Link1, otherwise no
interaction is detected.

4 Further Issues

There are a number of issues that we explicitly do not address in this preliminary
work. First of all, structural aspects typically have the possibility to alter the
class hierarchy, by changing the superclass relation of a class. These changes
introduce new kinds of dependencies, which ought to be studied further.

Also, even if structural aspects are usually perceived as doing either class
hierarchy changes or additions of structural elements, the underlying abstrac-
tion layer of structural reflection gives far more powerful changes, i.e. by actually
supporting modifications of elements, like renaming them or changing their mod-
ifiers. A first question is if those changes make sense in the restricted context of
AOP, and if so, how to detect and resolve the new interactions that can appear.

Finally, our stance on the case of circular dependencies differs from the ap-
proach of Compose* [4]. In the face of a circular dependency between two aspects,
changing the relative order of application produces two different results. Our ap-
proach consists in informing the programmer of all the possible interactions and
of the existence of circular dependencies and to let the user decide of the ordering
of the aspects (globally or for each class), rather than rejecting the specification.

5 Related Work

As of now, there has been very little work on the composition issue between
structural aspects. Most work on aspect composition focuses on behavioral as-
pects. In AspectJ [5], base-action and action-action conflicts are reported as
compilation errors, while action-cut conflicts are not reported. Furthermore,
very little expressive power is given to the programmer to resolve conflicts. In
Compose* [4], the approach consists in trying to automatically order structural
actions properly, and reject any specification that leads to circularity. The auto-
matic approach to resolution of interactions is interesting, but we rather share
the point of view that resolution should be done explicitly, as in many cases, the
precise resolution depends on particularities of the considered application [3].
Finally, in related areas dealing with structural composition, we find the traits
approach very promising for its flexibility and expressive power given to the pro-
grammer [6]: when a class uses two traits that both have the same method, the
programmer is informed and can define a specific alias for each trait method and
combine them in a new method added to the class.

6 Conclusion

We have presented a classification of potential interactions in structural aspects,
and highlighted possible resolution schemes for such interactions. We are now



working on a comprehensive solution to these issues in the context of Reflex.
With respect to resolution of interactions, Reflex already supports most of what
we need: operators for ordering of aspects, mutual exclusion between aspects, and
a mechanism to support subjective views on the program structure [7]. Combi-
nators a la traits are still lacking but the underlying infrastructure (Javassist [1])
is flexible enough to support them. The most challenging part concerns the de-
tection of interactions. As we have sketched in this paper, we are studying the
use of a logic engine from within Reflex to achieve this.
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