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Abstract.  This report summarizes the outcome of the 7th Workshop
on Aspect-Oriented Modeling (AOM) held in conjunction with the 8th
International Conference on Model Driven Engineering Languages and
Sysems B MoDELS 2005 B in Montego Bay, Jamaica, on the 2nd of
October 2005. The workshop brought together researders and prac-
titioners from two communitie s: asped-oriented software development
(AOSD) and software model engineering. It provided a forum for dis-
cussing the state of the art in modeling crosscutt ing concernsat di! erent
stages of the software development process: requiremerts elicitation and
analysis, software architecture, detailed desgn, and mapping to aspect-
oriented programming constructs. This paper gives an overview of the
accepted submissions, and summari zes the results of the di! erent discus-
sion groups.

1 Introduction

This paper summarizesthe outcome of the 7th edition of the succesful Aspect-
Oriented Modeling Workshop series.An overview of what happened at previous
editions of the workshop can befound at http: //dawis.in  formatik. uni-essen .de/
event s’AOM_M@DS2005/peveds.sht ml. The workshop took place at the Half
Moon Resort in Montego Bay, Jamaica, on Sunday, October 2nd 2005, as part of
the 8th International Conference on Model Driven Engineaing Languagesand
Systenms BMoDELS 20051], formerly known asthe series of conferenceson the
Unibed Modeling Language. Participation to the workshop was open to anyone
attending the conference and as a reailt there were approximately 40 partici-
pants. A total of 14 position paperswere submitt ed and reviewed by the program
committee, 12 of which were accepted to the workshop. In order to leave enough
time for discussion, only the morning sessons were dedicated to presntations.
Baseal on the reviews of the papers, six of the papers were allocated 10-minute
presentation slots, bve paperswere chosen for 20-minute presentati on slots with
the intention to stimulate and provide provocative input to the afternoon dis-
cussions Before the lunch break, the attendees were asked to submit a list of



guegions for the afternoon discussion sesson. Basel on these questions, the
attendeessplit into two groups a "model-transformation and asped-oriented
modeling” group, and a "core agpect-oriented modeling concepts and aspect-
oriented software proceses group. The results of the discussion groups were
collected at the end of the workshop, and presented and re-discussed with the
ertirety of the workshop parti cipants.

The rest of this report is structured asfollows: Section 2 gives an overview to
the accepted papers. Secion 3 summarizesthe results of the discussiongroups.
Section 4 concludesthe report and presents identi bed future researd directions.

2 Overview of Accepted Position Papers

Robert France from Colorado State University presented a position paper in
which the authors explore the relationship between (aspect-oriented) model com-
position and model tr ansformation[2]. They comparetwo high-level architectures
of model transformation enginesthat could achieve agpect-oriented compostion
of models. One architecture describes a very specialized/de dicated tr ansforma-
tion enginethat takesa primary model, an aspect model, composition directives,
and signature deniti ons as input to Pnally produce the composedmodel. The
second architectureis very gereric and symmetric. It takes a primary model and
an agpect model and bindings as an input to produce the composed model.

Wolfgang Grieskamp from Microsoft Resarch presented a framework for
composng behavioral models[3]. In the framework, di! erent aspects of the sys-
tem behavior are described using action machines (state machinesor seenarios).
These models can then be symmetrically composad and transformed to yield
integrated models that can be used for model checking, rePnement cheding,
and testing purpose. The techniques described in the paper rely on symbalic
representatio n of valuesand state.

Mark Mahoney from Carthage College desaibed a technique that enables
weaving crosscut ing concerns expres®d in Live Sequerce Charts (LSC) [4]. He
presented how one can use pattern matching techniquesin the pre-charts of an
LSC to debre Ocrossutting tri ggasO(similar to pointcuts in standard AOP
language$, that activate the behavior de<ribed in an associated main chart
(comparable to an AOP advice).

Jaime Pavlich-Mariscal from the University of Connecticut preserted how
they modeled accesscontrol schemasusing role slices,and how they used aspect-
oriented programming techniquesto implement their system [5]. They outlined
their goalsto extend role sliceswith dynamic facilities. Thereo, their future re-
sarch diredions include adding support for access control based on run-time
elemants, as well as relating role-slice hierarchies with class hierarchies. These
changesat the modeling level might require new AOP language featuresto im-
plement them.

Jean-Paul Bodeveix from the Paul Sabatier University in Toulouse showed
how onecan spedfy real-time constraintsin EMITL (Evert Metric Interval Tem-
poral Logic), and then transform this desciption into timed automata, and b-



nally into a B specikcation [6]. This timing information can then be combined
with a B specibation of the functional behavior of a systemto resut in a com-
poseal B spedbcation that specibes the functional and the ti ming behavior.

TihamZr Levendovszky from Budapest University of Technology and Eco-
nomics preserted how they useal aspect-oriented techniques for applying OCL
constraints [7]. He preserted the Visual Modeling and Trandormation System
(VMTS), a meta-modeling environment, togeher with its Visual Control Flow
Language(VCFL), a languageallowing to expressmodel tr andormations using
graph rewriting techniques VCFL uses OCL constraints to defne condr aints on
the nodes of the trandormation steps and to choose between di! erert control
Bow branches. Often, the same constraint hasto be repetitively applied to many
di! erert placesin a transformation. Aspect-orientati on can help to modularize
such crossatti ng condraints.

Aswin Van Den Berg from Motorolla Labs presented a framework for mod-
ularizing crosscut ing concerns in embedded software, and how this framework
can automate the composition of concerns at di! erent phasesof the code gener-
ation proces [8]. He preened AspedSDL, an asped-oriented framework that
makesit possibleto composeSDL statecharts. The aspect weaver composescore
models and asped bean models according to a binding demnition (connector)
and weaving strategy demnitions. The ultimate goal is to perform condstency
cheds on the composedmodel, aswell as to useit for simulation purpose.

Ana Moreira from the University of Lisbon presented how to build a metadata
repository that describes the content, quality, structure, and other important
data of concerns during the early stages of sotware development [9]. Such a
repository allows a developer to navigate over all stored information to facilitate
reuse, version cortrol, and traceability.

In his se@nd presertation, Robert France showed how they extended their
aspect-oriented modeling approach to use signatures when composing models
[10]. In their approach, crosgutting functionality is desribed by asped-models
and the core application functionality is desaibed by a primary model. When
composing models, model elements are merged with one another if their signa-
tures match. A signaturein this caseconsistsof someor all properties of a model
elemant asdebned in the UML metamodel.

Andrew Jackson from Trinit y Collegein Dublin preserted the high-level view
of a gereric asped-oriented design process[11] The paper debresthe core re-
quiremerts of an aspect-oriented processto include support for modularization,
composition, conBict resolution, and internal and external traceability. In ad-
dition, a good processmust be an open, customizable, platform independent
proces that integrates with existing software development methodologies It
should support quality assurance metrics, staged adoption, and product fami-
lies. Basedon theserequiremerts, the paper debresa proces architecture with
the following phases: concen identibcation and classikzation, desgn tests, reuse
design, concern module design,composition spedbcation design, veribcation, and
repremert.



Andrew also agreed to present [12], a paper that descibeshow model-driven
software development and an aspect-oriented modeling technique called OAsgc-
tual CollaborationsOcan be brought together by providing a graphical composi-
tion medanism.

3 Summary of the Discussion Groups

The following section summarizes the results of the afternoon working group
sessions The participants split into two groups Da OMdel TransformationOand
a OCoe Aspect-Oriented ConceptsOgroup Dto discuss the questions submitt ed
by the attendeesbefore the lunch break.

3.1 Mo del Transfor mati on Group

The model tr ansformation working group wascharged with the task of discussing
various issutesrelated to the trandormation medanismsof model weaving. The
quegdions discussd are highlighted below along with summary commerts.

Wh at is model tr ansfor mati on? Before getting into the details of asped
weaving at the modeling level, the working group beganwith a discusgon of the
mearning of model transformation in general. A distinction was made between
a source model and the target model. In some cases there may be multiple
sources and targets. The participants agreed that model trandormation can be
summarized as graph tr ansformati on, where a model is a set of typed nodesin
a hypergraph that are manipulated according to the goals of a transformation
rule. The processof model transformation eventually reachesa bxed point after
multiple iterations among a set of trandformation rules

Wh at is model weaving? There are two es®ntial characteristics that seem
to be common among most model weavers: 1) a pattern matching engine, like
a pointcut languagethat providesquanti bcation among modeling elements, and
2) a composition medhanism that tr ansforms source models acoording to a new
concern. In genegal, there were three types of weaving that were discussed

b Static weaving on static structure, such asweaving into classdiagramswhere
the semanti cs are pre-existing

b Static weaving on dynamic behavior, such asweaving into state-charts

b Dynamic weaving on dynamic behavior, which is the current focus of dy-
namic AOP languages The working group could not identify a typical usage
saenario for this type of weaving at the modeling level. Furthermore, the
issue of dynamic weaving on static structure was not very clear within the
modeling context.



Is model tr ansfor mation equiv alent to weaving? The working group dis-
cussal therelationship betweenmodel transformation and model weaving. It was
determined that all weaving is a model transformation, but not all model tr ans-
formati on is weaving (e.g., model refactoring can be a modé tr ansformati on that
is not crosgutting). This is similar to the relation of program tr anormation to
aspect code weavers,wherean asped is a special type of program transformation
that captures crosgutting concerns

Ar e there generic patter ns for model tr ansformation and weaving?
An interesting thread arosefrom the discussion that examinedwhether common
patterns of transformati on have emegedfrom the experience of model tr ansfor-
mation experts. Two patterns that were mentioned are Find a Leaf, which can
be usal to Ratten hierarchical structures and Transitive Closure, which can be
used to collect modeling attri butes during stages of a model trandormation. It
was also obsaved that the UMLAUT tool uses visitors, abstract factory, and
other well-known dedgn patterns for transformations in an OO style, and can
be made spedbc for di! eret models of computation (e.g., state3ow).

Is model weaving fund amentall y the same as applying rules in a rule-

based engine? One of the working group participants asked if a rule-based
engine could be usal for model weaving. The consersus of the group was that

a rule language could theoretically capture some categories of crossutting in
a model, but the pragmatic application was lessclear. It was suggesed by one
member that a model engineer often desiresa higher level of abgraction. Several

comparisonswere presented as analogiesto using rules for asped weaving, and
why a more focusedlanguagewould be more dedrable. Someof those counterex-
amplesinclude:

b C++ abdractions to support objects can be simulated as C function point-
ers, but a pointer approac lacks the level of abstraction provided by pure
OO constructs.

b Database tri ggerscan capture limited crosgutting concernsin stored proce-
dures, but the samelanguage cannot be used for gereral AOP.

D Metaobject protocols and refRection can alsobe usedto addresscrosscuting
concerns but are not as easyto useas a pure aspect language.

The summary from this discussion is that there exists a traded between natu-
ralnessof expressionand power of language. A rule-basal languagecould be used
in some casesto describe modeling aspects, but the naturalnessand applicability
are not as evident when compared to a pure aspect modeling language

How can properties of model weaving be proven? There was concern
among the participants regarding the manner in which the reaulting properties
of the model weaving could be proven. This question was re-gated in terms
of traditi onal veribcation (i.e., is the weaving itself performed correctly ?) and



validation (i.e., isthe realt that which wasin the mind of the dedgner?). This
was cited asa strong nedl for future work, with litt le being done on the topic so
far. The composition of modeling aspects and the resuting behavior is trivial if
the concerns are orthogonal (i.e., no interference), but more challenging if non-
orthogonal (e.g., composng two separate accesscontr ol aspects, such asRBAC
and mandatory acces contr ol).

Wh at are the performance issues associated with aspect modeling?
The notion of performanceasit relates to aspect modeling can be broken down
into three separate questions. The brst issue relates to the actual performance
of the model weaver itself (i.e., how long doesit take to weave the models?). Of
course this will depend on th e size of the source model and the speedof the model
weaving tool. A secord type of performance issue concernsthe resuting size of
the target model. An explosionof the sizeof the model after weaving may inhibit
further analysis and generation. A third version of this question may apply to
the performance of the actual modeled system. The desireto model performance
using aspects may be motivated by di! erent domain requiremerts, such as a
model for real-time embedded systems. The ability to modularize crosscuting
modeling concernsrelated to performance may enable a model enginee to change
properties of amodel in arapid manne ascomparedto atedious and error prone
manual approad.

3.2 Core Aspect-Or iented Concepts Group

The core aspect-oriented concepts group looked at the issuesthat arise when
applying aspect-oriented modeling techniquesto real-world models.

How do existing aspect-or iented modeling techniques scale? Several
parti cipants with industrial background expres®d their concerns about how ex-
isting agpect-oriented modeling techniques would scaleto systems with hun-
dreds of clasesand aspeds. Participants from Motorola mentioned that aspect-
oriented techniques actually do work well in industrial settings, even in large
saale systems, provided that the number of aspects is small. Orthoganal aspects
such aslogging work particularily well. The discussion group identibed the lack
of availabil ity of real-world UML models, i.e. models with hundreds of classs,
as one of the rea®ns why current AOM approades have been applied to toy
examplesonly. Also, functional crosscuting concens are not triv ial to identify
and modularize. The problem of aspect dependenciesand conf3ict detection was
determined as one of the main scalability challenges.

Some argued that in order to achieve scalability we need a common core
meta-model. The UML meta-model was deemed to be missing the power to
expres relationships among di! erent models. Some suggested the demiti on of
an AML ban Aspect Meta Languagebthat providesa unibedtype spacelinking
UML and aspects together.



Do es aspect-or iented modeling improve reuse? Therehasnot been alot of
evidence that aspect-orientation improves reuse. The attendees of the workshop
Pgured that the reasonfor thisis the lack of a good aspect-oriented design pro-
cess,and the fact that students and programmersin gereral are not educated to
write reusalle code, even for object-oriented systems Di! erent agpect-oriented
approachesare also not compatible, which makesreuse very di" cult. Again, the
use of a common meta-model could improve this situation.

How good are aspect-or iented modeling tools? In aspect-oriented mod-
eling, there is a big need for Rexible tools. Unfortunately, tool vendors like to
provide their home-grown extensionsto UML, but do not allow (or makeit very
complicated for) usersto extend the tool on their own. The only solution nowa-
days is to export models and then write "Plter-lik €' mini-to ols that parse the
exported ble and apply the desiredtransformations on it. Tools are also inRexi-
ble because they often present only one view of the system to the developer at
a given time. For some approadesit would be nice to simultaneously display
multiple models, e.g.the primary model and an aspect model. Since this is cur-
rently not supported, a lot of mental work hasto be performed by the developer
during dedgn.

Wh at decisions are human decisions and what choices can be auto-
mated? Many model transformations needadditional human input in order to
be applied to a given model. Sometimesth e choice of the model transformation
to be applied is done by a human. It is important to record thesehuman deci-
sions and why thesedecisions have been made, in order to provide traceability
and acoountabilit y during software development. It is not yet clear from which
point on the generation of code can be completely automated.

Should it be allowed to "r estrain" aspects, e.g. hide join points from
other aspects in the system? The discussionstarted out from the question of
why aspectsare better than components. Componertsin the pas have promised
out-of-the-box reusein the sens of "b uy your componert to take care of concern
X". However, reuse of componerts only seans to work for very specikc concerns.
Somepatrticipants argued that aspeds will deliver, becausethey are so Rexible.
Others argued that aspects are so Rexible asto be useles.

This raised the quedion of whether it should be possibleto restrict agpect
conbgurations to not exposetheir join points to other parts of the system.The
argumernts in favor of restriction were the conservation of important software
engineering properties such asencapsulation and informati on hiding. Controlling
the scope of aspects can also help to distribute development of large systems
among di! erent teams without the danger of having one asped in one part of
the systemunintentionally a! ecting other parts of a system Finally, restriction
would allow to ensaure non-functional and run-ti me properties such as execution
time, etc. On the other hand, the major argumert against regricti on is the fact



that unrestricted aspects make it possbhle to add functionality anywhere. This
allows for rapid development and prototyping because developers can focus on
a smaller part of the project without having to worry about designing for future
extenson. Also, unrestricted agpects can help tremendously in a world where
requiremernts are likely to change.

Wh at benebts doesaspect-or iented modeling bring to industr y? Aspect-
orientation was identiPed as an elegart way to perform "functional decomposi-
tion" for large industrial projects. It provides a RBexible framework in which
concernscan be identi Ped and resolved at di! erent levels of rePnemert. It allows
developers to pogpone dedsions and focus on important conceermns brst, maybe
even implement a prototype, without having to worry about other concerns.
Thanks to asped-orientation, secondary concerns can be added to the system
at a later phase

4 Concluding Remarks

The workshop cortinued the tradition of having a very diverserepresntation
of parti cipants. The authors came from seven di! erent countries (Argentina,
France Germany, Hungary, Ireland, Portugal, and USA), the organizing and
programming committees represerted nine countries (Canada, China, France,
Germany, Ireland, Israel, Netherlands, Switzerland, and USA). In addition to
the geographicaldiversity, the AOM workshop also attra cted parti cipants with
wide resarch intereds in aspeds acrossthe entire spectrum of the development
lifecycle. As a resut, this provided opportunities for a variety of opinions that
were well-informed from the accumulated experience of the participants.

The growth of the workshop continued to increase,which indicates a strong
intereg in the area amongreseartersin aspect-oriented modeling. Many of the
parti cipants felt a new sense of maturity at the workshop that has not been
evidert in past editions. For example, the previous debates over demiti on of
terms and medanisms were replaced with deeoer discussionsfocused on the
coreissuesthat neel to be addressd to move the area into a common modeling
practice. With this workshop report, weOdike to give ressarches who couldn®
attend the workshop the opportunity to gain insights to these issues and to
point out a future researt agenda in the bdd of asped-oriented modeling.
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