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Abstract. Aspects use pointcut expressions to specify patterns that are matched 
against a base model, hence defining the base locations to which aspects are 
applied. The fragile pointcut problem is well-known in aspect-oriented 
modeling, as small changes in the base may lead to non-matching patterns. 
Consequently, aspects are not applied as desired. This is especially problematic 
for refactoring. Even though the meaning of the model has not changed, 
pointcut expressions may no longer match. We present an aspect-oriented 
modeling technique for scenarios that is refactoring-safe. The scenarios are 
modeled with Aspect-oriented Use Case Maps (AoUCM), an extension of the 
recent ITU standard User Requirements Notation. AoUCM takes the semantics 
of the modeling notation into account, thus ensuring pointcut expressions still 
match even after, for example, refactoring a single use case map into several 
hierarchical maps. Furthermore, AoUCM allows the composed model to be 
viewed without having to resolve complex layout issues. The general principles 
of our approach are also applicable to other aspect-oriented modeling notations. 

Keywords: Aspects-oriented Modeling, User Requirements Notation, Aspect-
oriented Use Case Maps 

1 Introduction 

Aspect-oriented Modeling (AOM) [6] has attracted considerable attention in the 
modeling world over the last few years. One problem faced by AOM is the fragile 
pointcut problem [4, 11, 13] – the patterns that describe where in the base model an 
aspect is applied are often very susceptible to rather small changes in the base model 
(i.e., a small change is enough for the pattern to no longer match and the aspect not 
being applied as desired). This paper presents an approach that addresses this problem 
for a specific set of changes, i.e., refactoring operations which do not change the 
meaning of the model but only its syntactic representation. A modeler should rightly 
expect that such operations do not affect the specification and impact of an aspect. 

This research is carried out in the context of the recent ITU standard User Re-
quirements Notation (URN) [8], a modeling language for requirements engineering 
and high-level design that incorporates goal-oriented and scenario-based models in 



one framework. The Aspect-oriented User Requirements Notation (AoURN) is an 
effort that seeks to evolve URN into a complete aspect-oriented modeling environ-
ment for requirements engineering activities. We apply our approach to AoURN’s 
scenario notation Aspect-oriented Use Case Maps (AoUCM). A prerequisite of this 
research is a clear semantic definition of UCM [8, 15]. While we use AoUCM to 
demonstrate our approach, its general principles are not just applicable to AoUCM but 
may be applied to other aspect-oriented modeling notations. 

In the remainder of this paper, section 2 gives a brief overview of Use Case Maps 
(UCM) and Aspect-oriented Use Case Maps (AoUCM) including the current 
matching and composition approach. Section 3 first enumerates semantic 
equivalences of AoUCM models and common refactoring operations and then 
introduces the improved matching and composition algorithm based on semantics. 
The section concludes with an example of how to apply our technique to another 
modeling notation, namely UML sequence diagrams. Section 4 discusses related 
work, and finally, section 5 concludes the paper and identifies future work. 

2 Overview of Aspect-oriented Use Case Maps (AoUCM) 

2.1 Use Case Maps 

The User Requirements Notation (URN) [1, 8] supports the elicitation, analysis, 
specification, and validation of requirements. URN captures early requirements in a 
modeling framework containing two complementary sub-languages called Goal-
oriented Requirement Language (GRL – for goal-oriented modeling) and Use Case 
Maps (UCMs – for scenario-based modeling). GRL models are used to describe and 
reason about non-functional requirements (NFRs), quality attributes, and the 
intentions of system stakeholders, whereas UCM models are used for operational 
requirements, functional requirements, and performance and architectural reasoning. 
While GRL identifies at a very high level of abstraction possible solutions to be 
considered for the proposed system, UCM models describe these solutions in more 
detail. In summary, URN has concepts for the specification of stakeholders, goals, 
non-functional requirements, rationales, behaviour, actors, scenarios, and structuring. 
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Fig. 1. The Buy Movie Use Case of a Simple Online DVD Store System 

A UCM model consists of a path that begins at a start point ( ) and ends with an 
end point (▌). A path may contain responsibilities ( ), identifying the steps in a 
scenario, and notational symbols for alternative ( ) and concurrent ( ) branches. 



Path elements may be assigned to a component ( ). Stubs are containers for sub-
models called plug-in maps. Drilling into a stub leads to a submap that provides more 
details, thus allowing for hierarchical structuring of UCM models. A binding between 
the stub and elements on the plug-in map precisely defines how the scenario continues 
from the parent map to the submap and back to the parent map. A static stub ( ) may 
have only one plug-in map, while dynamic stubs ( ) may have several. 

The most comprehensive URN tool available to date is the Eclipse plug-in 
jUCMNav [10]. Some support for aspect-oriented modeling is already available for 
jUCMNav. Further AO functionality is being prototyped and will be added to the tool 
in the near future. For more details about URN, visit the URN Virtual Library [21]. 

2.2 Aspect-oriented Use Case Maps 

The Aspect-oriented User Requirements Notation (AoURN) [16, 17, 18, 19] extends 
the User Requirements Notation (URN) with aspect-oriented concepts, allowing 
modelers to better encapsulate crosscutting concerns which are hard or impossible to 
encapsulate with URN models alone. AoURN adds aspect concepts to URN’s sub-
languages, leading to and integrating Aspect-oriented GRL (AoGRL) and Aspect-
oriented UCMs (AoUCM). The three major aspect-oriented concepts that have to be 
added to URN are concerns, composition rules, and pointcut expressions. Note that 
the term aspect refers to a crosscutting concern, while the term concern encompasses 
both crosscutting and non-crosscutting concerns. 

A concern is a new unit of encapsulation that captures everything related to a 
particular idea, feature, quality, etc. AoURN treats concerns as first-class modeling 
elements, regardless of whether they are crosscutting or not. Typical concerns in the 
context of URN are stakeholders’ intentions, NFRs, and use cases. AoURN groups all 
relevant properties of a concern such as goals, behavior, and structure, as well as 
pointcut expressions needed to apply new goal and scenario elements to a URN model 
or to modify existing elements in the URN model. 

Pointcut expressions are patterns that are specified by an aspect and matched in the 
URN model (often referred to as the base model). If a match is found, the aspect is 
applied at the matched location in the base model. The composition rule defines how 
an aspect transforms the matched location. AoURN uses standard URN diagrams to 
describe pointcut expressions and composition rules (i.e., AoURN is only limited by 
the expressive power of URN itself as opposed to a particular composition language). 
AoURN’s aspect composition technique can fully transform URN models. 

UCM pointcut expressions define the pattern to be matched with a pointcut map. 
Grey start and end points on the pointcut map are not part of the pointcut expression 
but rather denote its beginning and end. The aspectual properties are shown on a 
separate aspect map, allowing the pointcut expression and the aspectual properties to 
be individually reused. The aspect map is linked to the pointcut expression with the 
help of a pointcut stub ( PP ) (i.e., the pointcut map is a plug-in map of the pointcut 
stub). The causal relationship of the pointcut stub and the aspectual properties visually 
defines the composition rule for the aspect, indicating how the aspect is inserted in the 
base model (e.g., before, after, optionally, in parallel, interleaved, or anything else 



that can be expressed with UCM). The replacement pointcut stub ( PP ) is a special kind 
of pointcut stub, indicating that the aspect is replacing the matched base elements. 

For example, Fig. 2 shows a simple Logging concern. The pointcut map matches 
against any responsibility of the DVD store (the wildcard * means any name). Hence, 
the pointcut expression matches each of the three responsibilities in the DVD store in 
Fig. 1. The aspect map defines that a log is created after the loggable action occurred 
(i.e., the causal relationship of the pointcut stub and the aspectual property – the 
responsibility log in this case – states that log happens after the pointcut stub which 
means after the matched base elements). 
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Fig. 2. Aspect Map and Pointcut Map for the Logging Concern 
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Fig. 3. Aspect Markers and Their Corresponding AoView for the Logging Concern 

The three aspect markers ( ) in Fig. 3 indicate the affected base locations in the 
UCM model from Fig. 1. If the aspect adds elements before or after the base location 
matched by the pointcut expression, the aspect marker is added before or after the 
base location, respectively.  An aspect marker is a kind of stub that links the base 
model with a submap, i.e., the aspect map. The AoView highlights the portion of the 
aspect map that is inserted. The aspect markers and the AoView effectively construct 
the composed model using the layout information provided by the modeler when the 
aspect was defined. When an aspect marker is reached in the Buy Movie scenario, the 
scenario continues with the aspectual behavior as highlighted in the AoView (i.e., 
right after the pointcut stub). When the end point is reached in the AoView, the 
scenario returns to the same aspect marker and continues with the Buy Movie scenario. 

The purpose of the Communication concern in Fig. 4 is to define in more detail the 
interaction between the customer and the online DVD store. The pointcut map 
therefore matches against all interactions between the Customer and the DVD Store 
components that are started by any responsibility in Customer and followed 
immediately by an arbitrary sequence of elements in the DVD Store before the path 
crosses back into Customer. The anything pointcut element (.....) therefore ensures 
that the pointcut expression matches against selectMovie, processOrder, and 
rewardReferrer as well as payForMovie and sendMovie in Fig. 1. 



Furthermore, variables ($initiateRequest, $performRequest, $Requester, and 
$Replier) are defined in the pointcut expression to allow matched elements to be 
reused in the aspect map. The replacement pointcut stub on the aspect map in Fig. 1 
indicates that the matched elements are replaced with the aspectual properties 
described on the aspect map. The aspect map, however, reinserts the matched 
elements with the help of the variables. The aspect map also adds explicit request and 
reply responsibilities as well as a waiting place, specifying that the customer has to 
wait for the response of the DVD store. 
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Fig. 4. Aspect Map and Pointcut Map for the Communication Concern 
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Fig. 5. Aspect Markers and Their Corresponding AoViews for the Communication Concern 

In the base model in Fig. 5, a replacement is indicated by two special aspect mark-
ers. The tunnel entrance aspect marker ( ) is added before the matched elements 
and the tunnel exit aspect marker ( ) is added after the matched elements. In this 
case, two pairs of the tunnel aspect markers are added to the base model, because the 
pointcut expression is matched twice. The AoViews in Fig. 5 highlight the portion of 
the aspect map that is inserted. When the first tunnel entrance aspect marker is 
reached during the Buy Movie scenario, the scenario continues with the aspectual 
behavior on the aspect map (right after the pointcut stub) as shown in the top 
AoView. When the aspect map’s end point is reached, the scenario continues with the 
first tunnel exit aspect marker, thus skipping the replaced base elements. The inserted 
portion for the second pair of tunnel aspect markers is shown in the bottom AoView. 

Note how the variables in the aspect map have been replaced by the actual matched 
elements in the AoViews (i.e., $initiateRequest is replaced by selectMovie or by 
payForMovie; $performRequest is replaced by processOrder and rewardReferrer or by 



sendMovie; $Requester is replaced by Customer; and $Replier by DVD Store). 
Furthermore, if the actual matched elements are complicated because a complex 
sequence was matched by the anything pointcut element, it may not be possible to add 
the matched elements directly to the aspect map. In this case, a static stub is added to 
the AoView and linked to the matched elements. This still allows layout information 
to be reused from the models defined by the requirements engineers. 

The general approach of AoUCM’s matching algorithm is to scan the base model 
and a pointcut expression in parallel. Starting with the first element of the pointcut 
expression, the matching algorithm tries to find a matching element in the base model. 
If a match is found, the algorithm moves on to the next element of the pointcut 
expression and tries to match it with the base element following the first matched base 
element. This continues until ideally the complete pointcut expression has been 
matched. For elements that may have more than one following element, all 
permutations are taken into consideration. For more details on the matching 
algorithm, the reader is referred to [17]. In summary, the matching algorithm uses the 
following criteria to decide whether a path node in the pointcut expression matches a 
path node in the base model. This list is the most up-to-date and includes all additions 
due to new capabilities of AoUCM that postdate the publication of [17]: 

• The types and names of the path nodes must match. 
• The node connection to the following path node (regular or timeout branch) and 

the direction of the path must match. 
• The anything pointcut element may be matched to any sequence of path nodes 

and path node connections in the base model. 
• The names of conditions must match, if the path nodes are start points, waiting 

places, timers, or OR-forks. If the pointcut expression does not specify 
conditions, any condition may be matched. 

• The component hierarchy of the path nodes must be compatible. 
• The location of the path nodes in their components must match (either first, last, 

or any location in the component). 
• The metadata of the pointcut element must be a subset of the metadata of the 

base element (metadata are annotations in the form of name/value pairs that may 
be added to any URN model element). 

3 Refactoring of AoUCM Models 

The problem addressed in this section is how to ensure refactoring-safe AoUCM 
models. Refactoring-safe means that if the AoUCM model is refactored, then a 
pointcut expression that matches the initial model will also match the refactored 
model. Similarly, a pointcut expression that does not match the initial model will still 
not match the refactored model. As a refactoring operation transforms one model into 
a semantically equivalent model, the improved matching algorithm presented in 
section 3.2 somehow has to take into account the semantic equivalences discussed in 
section 3.1. 

However, even if the matching algorithm is able to guarantee refactoring-safe 
AoUCM models, the composed model also needs to be automatically constructed to 



help the modeler understand the overall behaviour and assess the impact of aspects on 
the model. Finding the right layout for the composed model is a difficult problem for 
most aspect-oriented modeling notations. The layout must be intuitive to the modeler. 
The AoUCM notation with its paths bound to components has proven to be difficult 
to layout automatically. jUCMNav’s auto-layout mechanism [10] only works for 
rather simple models. This problem is compounded by the fact that the enhanced 
matching algorithm based on semantics now allows for pointcut expressions to be 
matched across map boundaries, e.g., the first part of a single pointcut expression may 
match one map while the remaining part of the pointcut expression may match 
another map that is connected to the first as discussed in section 3.2. The composition 
technique also described in section 3.2 addresses this problem because it does not 
require auto-layouting. Furthermore, the general principles of this technique may be 
applied to other aspect-oriented modeling notations and section 3.6 demonstrates this 
using UML sequence diagrams. 

3.1 Semantic Equivalences in AoUCM Models 

The following semantic equivalences can be found in the AoUCM notation. They also 
apply to traditional UCM models as defined in the URN standard [8]. Fig. 6.a shows 
the first and most straightforward equivalence type involving direction arrows (>), 
empty points ( ), and connected end and start points (▌ ). These elements are simply 
ignored by the current matching algorithm. 

The second type of equivalence involves hierarchical structuring with static, 
dynamic, or synchronizing stubs. The latter is defined in the recent standard as a 
dynamic stub whose plug-in maps are synchronized, requiring them to finish before 
traversal can continue past the stub. Flattened models that are equivalent to all three 
types of stubs are defined in the standard and are shown in Fig. 6.b. The flattened 
model of a synchronizing stub is not shown as it is very similar to the one of a 
standard dynamic stub. If the dynamic stub in Fig. 6.b were a synchronizing stub, then 
the OR-join o1 would be an AND-join instead. That is the only difference in the 
flattened model. The current matching algorithm also simply ignores static stubs and 
the start and end points of their plug-in maps. While this is mentioned in [17], the 
specific implications for the matching and composition mechanisms have not yet been 
presented. In any case, this approach is too simplistic as will be discussed further 
below. Furthermore, dynamic stubs are not addressed at all by the current algorithm. 

Fig. 6.c illustrates the third and last type of semantic equivalences in UCM and 
AoUCM models, covering loop unrolling. This paper, however, focuses on the second 
type as the first is trivial and the last has been discussed in detail in [12]. While the 
findings of [12] could be incorporated into the AoUCM approach, we focus on 
hierarchical structuring because a) to the best of our knowledge this has not yet been 
addressed in literature, b) it introduces additional challenges, particularly regarding 
how to layout the composed model, and c) it is a much more common refactoring 
operation in AoUCM models than loop unrolling based on our decade of experience 
in creating and maintaining UCM and AoUCM models. 

The particular refactoring operations that are to be supported for AoUCM models 
therefore are extracting a plug-in map, inlining a plug-in map (the reverse of the first), 



as well as the adding/deleting of direction arrows, empty points, and connected end 
and start points. These types of operations are applicable to most modeling notations 
as most notations provide some form of hierarchical structuring that can benefit from 
extracting/inlining as well as many notations have purely syntactical elements that do 
not change the meaning of the model but are visual aids for the modeler. 
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Fig. 6. Semantic Equivalences in UCM and AoUCM Models 

3.2 Improved Matching and Composition Algorithms Based on Semantics 

A first intuition is to use only the flattened model as the basis for the matching 
algorithm, thereby reducing each UCM model to its normalized form. In this case, 
pointcut expressions cannot match against stubs since flattened models do not contain 
stubs. However, there is no good reason to exclude stubs from pointcut expressions 
since a modeler may want to match stubs explicitly. Therefore, the improved 
matching algorithm distinguishes between model elements that can always be ignored 
(i.e., direction arrows, empty points, connected end and start points) and model 
elements that potentially can be ignored depending on the context (i.e., stubs and the 
start and end points on their plug-in maps). 

For example, Fig. 7 depicts two equivalent UCM models with five responsibilities 
each (R1 to R5). The first UCM model consists of only one map whereas the second 
is split up over three maps. Three of the five responsibilities are matched by the first 



pointcut expression in Fig. 7.a. The aspect map adds two responsibilities A1 and A2 
before and after the matched elements, respectively. Hence, aspect markers are added 
before R1 and after R3. The second pointcut expression in Fig. 7.b contains two 
responsibilities and a stub. In this case, the aspect markers are added before R1 and 
after the stub on the second-level map. The UCM model without stubs is not matched 
even though it is semantically equivalent to the UCM model with stubs, because the 
modeler’s decision to require a stub in the matched pointcut expression takes 
precedence over matching based on semantics. If, however, the modeler adds a plug-
in map to the stub in the second pointcut map, the normal form for the pointcut map is 
used by the matching algorithm as in this case, it is deemed that the modeler used the 
stub to structure a model hierarchically and not to explicitly match a stub. 

For both examples in Fig. 7, the aspect markers before R1 link to the portion of the 
aspect map that contains A1, thus inserting it. Similarly, the aspect markers after R3 
and after the stub link to the portion of the aspect map that contains A2. 
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Fig. 7. Enhanced Matching and Composition Based on Semantics 

Assume that the matching algorithm has already matched responsibility R1 in the 
second UCM model against the first responsibility in both pointcut expressions. The 
next element in the UCM model is a static stub, i.e. an element that may potentially be 
ignored. Both pointcut expressions, however, expect another responsibility. 
Therefore, the matching algorithm ignores the stub and its start point on the second-
level map. It then continues with R2 and finds a match. At this point, the first pointcut 
expression expects a third responsibility whereas the second pointcut expression 
expects a stub. For the first pointcut expression, the matching algorithm ignores the 
stub on the second-level map and the start point on its plug-in map and matches the 



third responsibility. For the second pointcut expression, the stub is not ignored and 
matched against the pointcut expression. 

Note that if the pointcut expression contains a named start/end point that needs to 
be matched, then the start/end points of plug-in maps are taken into account similarly 
to stubs being taken into account if they appear in the pointcut expression. 

In summary, the matching algorithm takes the semantic equivalence for static stubs 
into account. If the stub in the UCM model is a dynamic stub, then the matching 
algorithm also ignores the stub but expects instead an AND-fork before continuing 
with the matching of elements on the plug-in map. An AND-fork is expected because 
the AND-fork is defined by the semantic equivalence (see Fig. 6.b). Furthermore, the 
matching algorithm expects an OR-join before continuing past the stub; again because 
it is so defined by the semantic equivalence. 

3.3 Shared Plug-in Maps 

There is, however, a problem with the approach presented in section 3.2 if a plug-in 
map is shared by several stubs. For example in Fig. 8, another map exists in the 
second UCM model that does not have the R1 responsibility but the XYZ 
responsibility instead. The plug-in maps, however, are reused. The pointcut 
expression does not match the hierarchy of maps that includes the map with XYZ but 
still matches the one with the map with R1. If the traversal of the UCM model arrives 
at the bottom-level map from the map with XYZ, the scenario must not continue via 
the aspect marker to the aspect map. The matching algorithm ensures that this is the 
case by encoding the required hierarchy context as a condition for the aspect marker 
(stubs have conditions that are checked before a plug-in map is chosen and, as 
mentioned earlier, an aspect marker is a type of stub). The condition for the aspect 
marker on the bottom-level map is as follows: 

_context = stubID_on_map_with_R1 && stubID_on_mid_level_map 
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Fig. 8. Shared Plug-in Maps 

The variable _context is a new variable provided by the UCM path traversal 
mechanism that allows access to the current stack of visited maps during the traversal. 
The current stack of visited maps must match the condition of the aspect marker for 
the traversal to continue on to the aspect map. In all other cases, the aspect marker is 



ignored and the traversal continues past the aspect marker. This possibility is indi-
cated by brackets above the aspect marker (brackets are used in UCM for conditions). 

3.4 Replacement Pointcut Stubs 

Another problem appears when a replacement pointcut stub is used instead of a 
regular pointcut stub. In this case, the location of the aspect markers are exactly the 
same but the UCM path traversal mechanism loses important contextual information 
during the traversal of the UCM model. Fig. 9 illustrates what happens if a 
replacement pointcut stub is used. When the tunnel entrance aspect marker is reached 
in the UCM model, the traversal continues with the aspect. On the aspect map, A1 and 
A2 are traversed. Since the end point eA is connected to the tunnel exit aspect marker, 
the traversal continues with the bottom-level map. When its end point e3 is reached, 
the scenario should continue with the mid-level map because R4 used to be after R3 
in the original model. However, the traversal mechanism is not aware of the mid-level 
map at this point, because it never reached the stub after R1. 
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Fig. 9. Replacement Pointcut Stub 

The matching algorithm, however, is aware of the hierarchy since the match spans 
all involved map levels. Therefore, the lost hierarchy information needs to be retained 
for the tunnel exit aspect marker by the matching algorithm. This is achieved by 
annotating the aspect marker with metadata. The name of the metadata is aspect, 
while the value is “context stubID_on_map_with_R1 stubID_on_mid_level_map”. 
With this context information, the traversal mechanism adjusts the stack of visited 
maps – adding the mid-level map to it – and is then able to continue traversing the 
UCM model as required. 

3.5 Multiple Matches of a Pointcut Expression 

Finally, the last ambiguity that needs to be resolved for the improved matching and 
composition algorithm is related to multiple matches of a pointcut expression. If 
multiple matches exist, then the end point of the aspect map will be bound to many 
aspect markers. This is not a problem for simple before and after composition rules, 
because the scenario continues with the same aspect marker once the aspectual 
behaviour is finished. More complex replacement or interleaving composition rules, 



however, may not continue with the same aspect marker as shown in Fig. 10. When 
the traversal has reached the aspect map from the aspect marker of the map with 
responsibility R7, it is not clear which plug-in binding of end point eA to use. 
Therefore, the composition mechanism groups all tunnel entrance and tunnel exit 
aspect markers related to one match of the pointcut map. This is achieved by again 
adding metadata to each aspect marker. The name of the aspect marker is again 
aspect, while the value is “group <someID>”. The UCM path traversal mechanism is 
then able to choose the correct plug-in binding of the end point eA by matching the 
group numbers of the tunnel entrance and tunnel exit markers. 
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Fig. 10. Multiple Matches for a Pointcut Map 

In summary, the improved matching algorithm now differentiates between three 
types of path nodes. Type I path nodes are matched as is and most path nodes fall into 
this category. Type II path nodes are always ignored, i.e., direction arrows, empty 
points, and connected end and start points. Type III path nodes are possibly ignored. 
Stubs and the start and end points of their plug-in maps fall into this category. If a 
direct match is not possible, the algorithm attempts to match type III path nodes based 
on semantic equivalences to their flattened representation. 

The improved composition algorithm, on the other hand, supplements with the help 
of metadata all aspect markers with sufficient information to identify required and lost 
map traversal hierarchies and the groups to which aspect markers belong. All of this is 
possible without having to create a new layout for the composed model because the 
addition of aspect markers is the only change required for composition. Large scale 
changes to the original models created by the requirements engineer are not required. 
Hence, these models can be used, ensuring that requirements engineers can continue 
working with familiar base and aspect models even if the models are composed. 

The improved matching and composition algorithm is important for AoUCM as it 
also allows AoUCM models to be matched more consistently even if aspects have 
already been applied. If aspects are applied, then aspect markers will appear in the 
AoUCM model. Since an aspect marker is a type of stub, it can now also be matched 
on a semantic level. At this point, aspect markers are interpreted as static stubs. In the 
future, however, they may have a slightly different semantic interpretation due to 
concern precedence rules. The approach presented in this section is extensible in that 
a flattened representation always can define a new semantic equivalence which can 
then be incorporated into the matching and composition algorithm with minor 
adjustments to the algorithm. 



3.6 Applying the General Principles of our Approach to Sequence Diagrams 

In order to apply the general principles of our approach to another modeling notation, 
the following steps have to be followed. First, type II and III model elements need to 
be identified. For example, comments may be considered as type II elements for 
sequence diagrams (SDs). Type III elements, on the other hand, may be interaction 
uses (essentially references to sub-sequence diagrams). 

Second, semantic equivalences for each type III element need to be defined. In the 
case of SDs, the semantic equivalence of a sequence diagram with an interaction use 
plus its sub-sequence diagram is a single sequence diagram that merges both original 
ones together. The improved matching algorithm would therefore consider either an 
interaction use or the next element on the sub-sequence diagram as possible 
candidates for a match. 

Third, the concept of aspect markers needs to be applied to the modeling notation. 
Two options exist here. Either aspect markers are added as a new concept to the 
notation or an existing concept may be used or adapted. In the case of SDs, states 
could be used as illustrated in Fig. 11. The aspectual notation used for Fig. 11 is 
MATA [22]. In MATA, elements in the aspect stereotyped with <<create>> are added 
by the aspect to the base model while elements stereotyped with <<delete>> are to be 
matched in the base model and then removed from the base model when the aspect is 
applied. 
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Fig. 11. “Aspect markers” in UML Sequence Diagrams 

The states with the stereotypes <<start>> and <<end>> essentially encode the 
plug-in binding of the aspect markers in the AoUCM notation, connecting the base 
behavior with the aspectual behavior even if the match spans several hierarchical 
levels of SDs (not shown here due to space constraints). Additional tagged values (not 
shown in the figure) provide information on lost and required hierarchies as well as 
the groupings of the “aspect markers” for SDs as explained in section 3.2. 

4 Related Work 

While many aspect-oriented modeling techniques exist for requirements engineering 
such as use cases [2, 9], viewpoints [20], problem frames [14], and UML models [7, 
22], none to the best of our knowledge addresses semantic equivalences in their 



matching and composition mechanisms with the exception of the following work in 
semantic-based aspect weaving. Chitchyan et al. [5] use natural language processing 
to take into account English semantics when composing textual requirements 
documents. For aspect-oriented modeling, Klein et al. [12] weave UML sequence 
diagrams by matching semantically equivalent but syntactically different sequences. 
Klein et al. give a thorough explanation on how to deal with loops but do not address 
the problems related to hierarchical structuring and replacements discussed in section 
3.2. Furthermore, this work does not address complex layout issues that may have to 
be resolved when the woven end result is presented to the modeler. In the context of 
aspect-oriented programming, Bergmans [3] discusses the use of semantic annotations 
for composition filters. 

5 Conclusion 

We have presented an enhanced, semantics-based matching and composition 
algorithm for aspect-oriented scenario models. Our approach ensures that refactoring 
operations for which semantic equivalences were defined can be performed without a 
risk of breaking the aspects’ pointcut expressions. Our approach is extensible as new 
refactoring operations may be added by defining their semantic equivalences and 
making small incremental adaptations to the existing algorithm. With this approach, 
aspect markers are also interpreted as model elements to which semantics-based 
matching may be applied, leading to a more consistent and powerful treatment of 
AoUCM models to which aspects have already been applied. 

The composition mechanism makes use of the layout information provided 
naturally by the modelers themselves at the time the base and aspect models are 
defined. This allows the composed model to be presented in a familiar way to the 
modelers without having to resolve complex layout issues. The general principles of 
our work are also applicable to other aspect-oriented modeling notations as illustrated 
by aspect-oriented UML sequence diagrams expressed with the MATA notation. In 
future work, we plan to apply our approach to further AOM notations and to 
investigate empirically how intuitive the matching and composition algorithm and the 
usage of aspect markers is to requirements engineers, especially when base elements 
spanning multiple maps are replaced by an aspect. 
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