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Abstract 

AOP has matured to become Aspect Oriented Software Development (AOSD) that means the 
community recognizes the importance of applying aspect orientation to all phases of software development 
life cycle. Once an initial decomposition of the problem domain identifies software components and the 
corresponding aspectual properties that cut through these components we would like to be able to express 
this initial decomposition and carry it to the next life cycle phase.  For this refinement process to be 
effective it must preserve the initial semantics. 

 
  In this Position paper we propose an initial discussion on UML profile for AO modeling, which 

we believe will set the stage for AOSD modeling and hence move us towards a truly aspect oriented 
software systems.  We also initiate the discussions regard modeling the orthogonal concerns in the aspect-
oriented software system, where loosely coupled concerns in different dimensions can be easily modeled 
and reasoned about in isolation of the core components and aspectual components. 
1 Introduction 

 
AOP [15],[16] is a paradigm that complements the object-oriented technology. The premise of 

aspect-oriented technology is separation of concerns; where certain deign requirements tend to cut across 
group of core functional components. Concurrency, security, logging, debugging and fault tolerance are 
examples of such concerns. AO technology attempt to modularize these scattered implementations in order 
to avoid the code-tangling phenomena associated with it 
 

AOP offers very little to support the developers in expressing their AO systems with a formal 
modeling technique.  What we are after here is a formal modeling methodology that all AOSD stakeholders 
can use to communicate, and design their software systems.  As modeling and UML profile are essential to 
OO applications it seems natural to extend it to AO.   What is needed is a modeling language that fully 
supports AOSD, an essential requirement on modeling languages for AOSD, is that it shall be capable of 
expressing both “Core” components and  “Aspectual” components as well as the associations between them 
and among themselves.  This should be generalized to any number of dimensions to support multi 
dimensional separation of concerns.  
 

The UML [3][4] is a graphical language for specifying, visualizing, constructing, and 
documenting the artifacts of software systems.  UML is a standard modeling language endorsed by Object 
Management Group (OMG) in 1997 as UML 1.1.  UML is the graphical notation that defines the semantics 
of the object meta-model (model of UML itself), and defines a notation for capturing and communicating 
object structure and behavior. 
 

UML supports extension mechanisms [4][19],[20] (stereotypes, tagged values, and constrains) to 
allow tailoring UML to fit the needs of a specific domain, UML profile allow the stakeholders of a certain 
domain to express the semantics of their systems using a well-defined set of extensions. 
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2 Modeling AOSD 
 
Benefits of modeling have been outlined in the literature [3][4].  Why do we model? UML summery [3] 
outlines the following benefits: provide structure for problem solving, experiment to explore multiple 
solutions, furnish abstractions to manage complexity, reduce time-to-market for business problem 
solutions, decrease development costs, and manage the risk of mistakes.   
 

Benefits of modeling AOSD systems also been examined by the researchers.  In [1] we 
demonstrated that when aspects are identified at an early stage of the development life cycle it makes their 
design components more reusable, and it makes automatic code generation possible for AOP systems with 
higher levels of separation of concerns at the generated code. [8] Stresses that capturing aspects at the 
design phase streamlines the process of AO development, it helps learning and documenting aspects. [8],[9] 
Also outlines that capturing aspects at the design phase makes round trip development possible of AO 
systems, and helps to maintain consistency of requirements, design, and implementation.  
 

As a starting point we propose a simple extension to UML packaged in a UML profile for AO, this 
profile introduces basic AOSD terminology to UML to enable the visual representations of AOSD systems.  
We started examining AspectJ® constructs [15]as a starting point for constructing this profile, but by no 
means should the profile be restricted to AspectJ® constructs. 
 
3 UML Profiles 
 

The Object Management Group (OMG) defines UML modeling language in a four-layer 
architecture [3][4].  The meta-meta-model level defined by the MOF (meta object facility), the UML meta-
model is defined and standardized on top of the MOF, the meta-model layer specifies the modeling 
language, the model layer defines the model, and the user object layer defines instances of the model. The 
standard metamodels represent areas under which specific domains exist that require a specialization of 
their domain. In order to provide mechanisms for defining domain standards specializing the standard 
metamodels, UML introduces the notion of Profile, which is specified in [white paper]. 
 

UML provides the means by which one can extend it’s meta-model (model of UML itself) to fit 
the needs of a modeling concern.  It provides extension mechanisms that allow customizing and extending 
UML model elements (i.e. <<class>>).  The UML extension mechanisms are stereotype, tagged values, and 
constrains.  Stereotypes are classification of an existing UML model element, which has its own properties 
that are expressed as tagged values, constrains are restrictions placed on the stereotypes.  UML profiles are 
predefined set of stereotype, tagged values, constrains, and graphical icons to allow modeling a specific 
domain. 
 

There have been many UML profiles proposed to OMG, UML profile for real time systems UML-
RT [UML-RT] is a UML extension to support Real time intensive application, the profile itself is based on 
concepts from [17] the profile introduces the notions Capsules, ports, connectors, protocols, and protocol 
role to UML. CORBA Profile [6] CORBA allows applications to communicate with each other regardless 
of the location and design, the UML Profile for CORBA provides a standard means for expressing the 
semantics of CORBA IDL using UML artifacts, which enable expressing these artifacts with UML tools.  
UML Profile for CORBA has been adopted by OMG in October of 2000.  [18] Proposed a UML profile 
that extends the existing class diagram definition to support persistence modeling.  A profile that uses UML 
for Relational DB, key, secondary key, table, file are examples of stereotypes proposed in this profile. 
 

UML profile has 15 requirements documented in [5] one key requirement is that the resulting 
notation shall adh’hare to the syntax and semantics of UML, the profile shall not break existing UML 
modeling principles, We intend on addressing all of UML profile requirements in the near future. 
 



A UML Profile for AOP, OOPSLA 2001 workshop on Aspect Oriented Programming 

08/22/01 
3 

4 UML Profile for AOSD 
 

UML profile for AOSD will provide conventions and guidelines for applying and specializing 
standard UML to the graphical notation for AOSD (Specialize UML meta-model for AOSD, and CASE 
tool support).  It would help in capturing every desired terminology of AOSD and provide “native” support 
for AOSD in UML.  The profile will set a common means of expressing AOSD artifacts visually for all 
AOSD stakeholders. 
 

Table 1 starts the list of stereotypes that we suggest for AOSD, the 1st row defines <<aspect>> as 
a stereotype for the base class <<class>, which is part of the <<classifier>>(Figure 1), the <<aspect>> 
stereotype will be used to model units of crosscutting concerns. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Extension mechanisms are based mainly on the concept of stereotype, which provides a way of 
classifying elements so that they behave as if they were instances of the new meta-model. For example 
when defining <<aspect>> as a stereotype of the classifier <<class>> it is guaranteed that <<aspect>> 
behaves the same way if it was created as an instance of <<class>>.  The newly constructed stereotype 
becomes a model element and can participate in all relationships a model element can (ie. dependency 
relationship, inheritance, etc.).   
 
 

Base 
Class/UML 
meta-model 

element 

Stereotype Usage 

Class <<aspect>> Used to model “units of 
crosscutting implementation 
“(aspects) 

 <<joinpoints>> Requires further research 
 <<advice>> Requires further research 
 <<pointcut>> Requires further research 

Association <<Control>> Used to model control relationships 
where the aspect code controls the 
functional components, i.e. 
synchronization aspect (Figure2). 

 
When modeling with AOSD in mind a model should consist of 2 views, the core view and the 

aspectual view, in order to link these views together we need to construct relationship stereotypes 

Table 1 Candidates stereotypes for AOP modeling 

 
Core::Classifier 

Core::Class

<<stereotype>> 
aspect 

ASPECTProfile 

Figure 1 Virtual Metamodel for AOP Profile <<aspect>> stereotype 
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(dependency, association, etc.).  The problem is what are these relationships?  The way we look at it, they 
depend on the underlying aspect itself, for example for synchronization aspect a control stereotype is 
required since the synchronization aspect controls access to the functional components.  However a 
different aspect might require new association to be defined, we are currently researching the possibility of 
defining a generic association and then the user’s model itself might tailor this association for its specific 
needs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Since AOSD profile is a mean for all AOSD steak holders to express the semantics of their 

system, it’s essential that this profile address AOSD from all angles, and try as much as possible to satisfy 
all AOSD methods (composition filters, AO application framework , Aspect J, etc.). We need to create a set 
of stereotypes to support AOSD and not a particular implementation of AOSD.  For this profile to be 
complete it is necessary that all AOSD researchers and AOSD user community participate in defining it. 

 
4.1 Aspects behavior 
 

In [1][2] we proposed expressing the behavior of aspects by means of complex statecharts 
artifacts, for the sake of completeness we started looking at other UML behavioral elements.  The UML 
behavioral Package (shown in Figure 3) is composed of 4 major packages: Collaboration, Use Case, State 
Machine, and Activity Graphs Package.  All packages inherited from the Common Behavior Package, 
which specifies the core concepts required to describe a behavior, and it provides the infrastructure to 
support all other behavioral packages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Collaboration describes how classes (classifiers) and their association are to be used in a 
complishing a particulr task, in other words it defines a set of roles to be played by instances and links and 
communications between instances when they play the role.  If we can determine what roles an ASPECT 
plays in acollaboration then we can easily describe its behavior using clooaboration diagrams.  Lets go back 
to the synchonization aspect, the role of it is to control access to the funciotnal components, so it plays the 
<<control >> role.  We have already introduced <<control>> as a stereotype of  association model element, 

Model 

<<Core Class>>  
View 

<<Aspect>> 
Ctrl 

Figure 2-example modeling synchronization aspect 

Collaboration Use Case Activity Graphs 

State Machine 
Common 
Behavior 

Figure 3 UML Behavioral Package 
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we also introduced <<aspect>> as a  stereotype of the <<class>> classifier, a collaboration diagram for the 
synchronization aspect would look like this: 
 
 
 
 
 

 
 
 
 
The behavior of an aspect in aspectJ is determind by pointcuts, advice [15] and the code that does 

the service, we are currentlt studing how to model this behavior and incorporting these costrunct into the 
model, for example we know that multiple functional components have common code (cross cut) that is 
defined by an aspect, in other words these components <<cuts>> into the aspect.  Its too early for us to 
complete the description of the aspect behavior, but this is an area that we are actively researching. 

 
There is a need to address the orthogonal modeling of Core components and aspectual 

components.  Modeling orthogonal dimensions and specify how an event in one of these dimensions 
triggers events in others.  For instance a call to a method in a core component may trigger a sequence of 
events – more likely in aspect components. This can be naturally extended to any number of dimensions. 
 
5 Conclusion 
 

We argue that the AOSD community is ready to think about moving to formal modeling of AO 
system development. An AOP UML profile will be one more step in closing the gape between OO and AO 
design tools.  There are still basic issues to be resolved.  A collective efforts for the requirements and 
constrains for such undertake would help to achieve this goal.                         
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