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ABSTRACT

A use case model is a specification of a system’s require-
ments consisting in use cases, actors and relationships. A
use case captures stakeholders concerns as required interac-
tions between a system and its actors. Use case models may
however include concerns that crosscut across several use
cases. We propose an <<aspect>> relation for the mod-
ularization and composition of these crosscutting concerns.
The composition approach is formally established by map-
pings to Petri nets, and is implemented as an extension to
an existing use case modeling tool.
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1. INTRODUCTION

Aspect-Oriented Software Development (AOSD) suggests
the identification, isolation and modularization of concerns
in the early stages of the development process including the
requirements stage [7]. The ability to isolate and modularize
concerns (requirements) helps requirements modelers focus
on concerns separately, helps avoid tangled representation
in the requirements specification and enables requirements
evolution. However, an aspect-oriented requirements mod-
eling approach should be such that the interactions among
independently defined crosscutting requirements can be vi-
sualized and validated early. Failure to do so may result in
serious difficulties at later development stages. It is there-
fore necessary to also provide a composition mechanism that
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allows the entire set of requirements to be visualized and val-
idated as a whole.

The use case approach is one of the common requirement
modeling technique. Use cases capture requirements as de-
scription of interactions involving systems and their envi-
ronments. Each use case is “the specification of a set of
actions performed by a system, which yields an observable
result that is, typically, of value for one or more actors or
other stakeholders of the system” [12]. In a previous work
[15], we proposed an approach to support use case based
requirements engineering. We capture use cases in a re-
stricted natural language with formal semantics and auto-
matically generate executable state machines [16]. The gen-
erated state machines are used as prototypes for require-
ments validation by simulation. The approach is supported
by a tool called Use Case Editor (UCEd) [3]. In this pa-
per, we extend our previous work to support modeling as-
pects in use case specifications. The relation between use
cases and aspects has been discussed before. For instance,
Jacobson and Ng [10] noticed a close relation between use
cases and aspects as each use case typically crosscuts a set of
components and usually involves re-occurring concerns. We
propose a new approach for modeling aspects in a use case
specification. We first observe the inadequacy of UML use
case relations < <include>> and <<eztend>> for modeling
re-occurring concerns as aspects and propose an extension
of use case models with a specific <<aspect>> relationship.
Then we present a composition mechanism allowing obtain-
ing a global behavior model from use cases integrating all
independently defined concerns.

The remainder of this paper is organized as follows. In
the next section, we present background material on use
case modeling and introduce an example to motivate and
illustrate our approach. We discuss crosscutting concerns
related to use cases in section 3 and the limitations of tra-
ditional UML relationships. In Section 4 we introduce an
<<aspect>> relationship with elements for modeling con-
cerns in use cases. We also describe concerns composition
in term of Petri nets. In section 5, we position our works
in relation related to ours. Finally, section 6 concludes the
paper and discusses some future works.

2. USE CASE MODELING

A UML use case model includes use cases, actors, rela-
tionships between actors and use cases, and relationships
between use cases. The three types of relationships between
use cases are use case inclusion (<<include>> relation),
use case extension (<<eztend>> relation) and use case ge-
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Figure 1: UML Use Case diagram for an order pro-
cessing system and the corresponding representa-
tion in the UCEd tool.

neralization/specialization. An <<include>> relationship
UChase X UCine denotes the inclusion of use case ucine as a
sub-process of use case ucpqse (the base use case). An ex-
tend relationship ucezt X econd X epoints X ucpqse denotes an
extension of a use case ucpqese with the addition of “chunks”
of behaviors defined in an extension use case ucest. These
chunks of behaviors are included at specific places in the base
use case called extension points ( epoints). Each extension
is realized under a specific condition (econd). A use case
generalization /specialization relation defines an inheritance
relation between a more general use case and a more specific
use case. The more specific use case is a special case of the
more general use case. A UML use case diagram is a graph-
ical depiction of a use case model. Figure 1-(a) shows a use
case diagram for an Order Processing system. The corre-
sponding representation of the use case model in the UCEd
tool is shown in Figure 1-(b). UCEd uses a “tree” represen-
tation for use case models such that properties attached to
a relation appear as children of that relation.

Use case interaction details are usually captured at the re-
quirement engineering stage as a text in natural language. In
order to support automated synthesis of state models from
use cases, we formalized use case description by defining an
abstract syntax, a concrete syntax based on restricted nat-
ural language and by providing Petri nets based semantics
to use cases [16]. We distinguish normal use cases from ez-
tend use cases. While a normal use case specifies complete
interaction sequences (resulting in a use case goal being ful-
filled or abandoned), an extend use case consists in a set of
behavior chunks intended to extend other use cases. Figure
2 shows a normal use case (“Submit order”) and an extend
use case (“Register Customer”). Formally, a normal use case

Title: Submit order

Primary Actor: Customer

Goal: Allows a Customer to place an online order

to be sent to a supplier.

Precondition: The OrderProcessing System is online

Postcondition: An Order has been sent

STEPS

1.The Customer loads the login page

2.The OrderProcessing System asks for the
Customer’s login information

3.The Customer enters a login information

4.The OrderProcessing System checks the

provided login information

.The OrderProcessing System asks the Customer’s
to create an Order

.The Customer creates a new Order

. Repeat

.1.The Customer selects an item

.2.The OrderProcessing System adds the selected

item to the order
.3.The OrderProcessing System asks whether there
are more items to add

8.The Customer submits the Order

9.The OrderProcessing System sends the Order to
the Supplier

ALTERNATIVES

4.a.The Customer login information is not accurate

4.a.1.Goto Step 2.

8.a.The Order is empty

8.a.1.The OrderProcessing System displays an
error page

EXTENSION POINTS

STEP 1. login page loaded

N~N~No o,

~

Title: Register Customer
EXTENSION USE CASE PARTS
PART 1.At Extension Point login page loaded
1.1.The Customer selects registration operation
1.2.The OrderProcessing System asks Customer
registration information
1.3.The Customer enters her registration informatio
1.4.The OrderProcessing System validates
the information
1.5.The OrderProcessing System generate login
information for Customer
ALTERNATIVES
1.4.a.The Customer registration information
is not valid
1.4.a.1.The OrderProcessing System displays a
registration failure page

Figure 2: Details of use cases “Submit order” and
“Register Customer”.

is a tuple [Title, PrimaryActor, Goal, Precondition, Steps,
Alternatives, ExtensionPoints]. Steps, Alternatives and Ez-
tensionPoints are sets of steps, alternatives and extension
points respectively. Each step may correspond to a goto, a
repeat, a use case inclusion or an operation initiated by an
actor or the system. Each alternative is a triple [StepRef,
AltCond, Steps] with StepRef a possibly null reference to a
step and AltCond a condition (possibly based on a timeout).
Each extension point is a pair [StepRef, ExtensionPLabel]
consisting of a reference to a step and a label. A extend use
case is a pair [Title, Parts] with Parts a set of parts. Each
part is a tuple [ EztensionPLabel, Steps, Alternatives]. A con-
crete natural language is used for operations and conditions
in steps'. Operations are written as active verb sentences

!The description of the concrete natural language is beyond
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Figure 3: Petri nets corresponding to use case “Sub-
mit order” with extend use case “Register Cus-
tomer”. We use the corresponding step numbers as
labels for transitions. cl is condition “Customer is
registered”, c2 is condition “Customer registration is
valid”, c3 is condition “Customer login information is
accurate”, c4 is condition “Customer has more items
to add” and cb is condition “Order is empty”.

and conditions as predicative sentences. The UCEd tool
validates use cases against a domain model where domain
entities including operations are defined [15]. A validated
use case consists in object instantiated from the metamodel
and links to operation instances in the domain.

Use cases execution semantics are expressed in the Petri
nets formalism [13]. A Petri net is a triple [P, T, F] with:
P a finite set of places, T a finite set of transitions, F C
(PxT)U(T x P) a flow relation. Figure 3 shows a Petri net
corresponding to use case “Submit order” extended with ex-
tend use case “Register Customer”. Use case semantics are
the basis for a UML Statechart synthesis algorithm from
use cases [16] implemented in UCEd. Given a use case
model, the algorithm consists first in the derivation of Petri
nets corresponding to each use case with a consideration of
<<include>> and <<extend>> relations. Subsequently, a
global UML Statechart model that integrates all sequentially
related use cases is created from the Petri nets [16].

3. USE CASESAND CONCERNS

A use case is a specification of a set of actions (behav-
iors) performed by a system in order to achieve a certain
goal for actors or other stakeholders of the system. In or-
der to fulfill its primary goal, a use case typically involves
pieces of behavior related to other identifiable functional or
non-functional sub-goals. These pieces of behavior are often
invoked at several places in several use cases. For instance,
the primary goal of use case “Submit order” shown in Figure
2 is expressed as “allows a Customer to place an online or-
der to be sent to a Supplier”. For security reasons, it might
be required that the Customer be redirected to a timeout
page anytime he/she is prompted for an entry by the sys-
tem and do not respond in a timely manner. Another re-

the scope of this paper. The interested reader is referred to
[3, 15, 16].

Title: Manage Timeout

Goal: To provide security through timeout.

STEPS

ALTERNATIVES

Al.a.after 60 sec

Al.a.1.The OrderProcessing System logs the
Customer out

Al.a.2.The OrderProcessing System displays
a timeout page

Title: Create log
Goal: To allow for audits by logging entered data.
STEPS
B1.The OrderProcessing System initiates a log with
the Customer entered data
B2.The OrderProcessing System records the log on an
external file system
ALTERNATIVES
Bl.a.There is no more space left on the device
Bl.a.1.The OrderProcessing System abords
and displays an error page

Figure 4: Use cases “Manage timeout” and “Create
log”.

quirement related this time to auditing might ask for every
entry provided to be logged. These two goals: “providing se-
curity through timeout” and “allowing for audits by logging”
are concerns separate from the main goal of the use case.
They are also likely to re-occur in different other use cases.
Ideally, the different concerns should be kept separate for
a better readability, maintainability and re-usability of use
cases. Figure 4 shows two use cases capturing the timeout
and logging goals.

The UML use case relations < <include>>, <<extend>>
and inheritance do not appear appropriate for modeling re-
occurring concerns such as timeout management and logging
as identified above.

e The <<include>> relationship specifies an explicit in-
clusion of a use case as part of another use case. A
use case inclusion is analogous to a subroutine call in
a programming language. In the above example, the
modeler would have to explicitly state “Manage time-
out” inclusion after steps 2, 5, 7.8 and 1.2 of use cases
“Submit order” and “Register Customer”. The same
process would have to be repeated for every use case
added to the model. This would result in concerns en-
tanglement and negatively affect readability and main-
tainability.

e The <<extend>> relation is based on an identifica-
tion of extension points in an extended use case and
references to these extension points in the relation (or
the extending use case). In the above example, exten-
sion points would have to be created for steps 2, 5, 7.3
and 1.2 and referred to in use case “Manage timeout”.
As observed in section 5, the need to explicitly define
and relate to extension points has the effect of limiting
flexibility and reusability.

e Inheritance is not appropriate here as the use cases do
not satisfy a generality /specificity rule.

More generally, we can observe that as for AOP, quantifica-
tion - the ability to specify locations for concern inclusion
using quantified statements and obliviousness - the ability




to specify re-occurring concerns without changes to affected
concerns [8] are desirable properties that can not be fully
obtained with UML use case relationships®. We propose
an approach for the specification of crosscutting concerns
more in line with aspect-orientation. This approach satisfies
quantification and obliviousness better. Because crosscut-
ting concerns apply across use case models, constructs for
such concerns should allow to transparently refer to a set of
affected use cases. A clear benefit to that is the ability to
extend the use case model by adding use cases without the
need to modify other use cases.

4. ASPECT-ORIENTED CONCERNSMOD-
ELING IN USE CASES

‘We propose to extend use case description with constructs
for the expression and composition of crosscutting concerns.
Some of our constructs are inspired from AspectJ [1], one of
best known AOP approach. However, differently to AspectJ,
we adopt a symmetric model where all concerns (including
crosscutting concerns) may be extended. The relevant ter-
minology for specifying aspects in the AspectJ approach in-
clude adwvices, joinpoints and pointcuts. In this section, we
define advices, joinpoints and pointcuts in the context of use
cases.

4.1 Advice use cases

We introduce the notion of advice use cases to capture
crosscutting concerns. Any normal use case may be used as
an advice use case. Additionally, we allow use cases that do
not adhere strictly to normal use cases well-formness rules
as stated in the UML Specification [12], to be used as advice
use cases.

According to the UML Specification, a normal use case
yields an observable result that is, typically, of value for one
or more actors or other stakeholders of the system. Nor-
mal use cases are complete end-to-end behavior descriptions
geared toward actors or other stakeholders goals. Any nor-
mal use case is initiated by an actor and should be meaning-
ful on its own. Since crosscutting concerns often relate to
sub-goals, we allow advice use cases that transgress normal
use cases well-formness rules. An advice use case may not
be meaningful on its own as it may need to be interpreted
within the context of a base use case. We also allow advice
use cases to be initiated by the system itself and to be in-
complete. For instance, Figure 4 describes two advice use
cases that would not qualify as normal use cases according
to the UML Specification. Use case “Manage Timeout” has
an empty set of Steps while use case “Create log” is initi-
ated by the system. Alternative A1.a. defined in use case
“Manage Timeout” is meaningful only when attached to a
step defined in another use case.

Although advice use cases may deviate from normal use
cases well-formness rules, there is no difference at the syn-
tactic level. All advice use cases are described according
to the abstract and concrete syntax introduced in Section
2. Having advices in the same notation as normal use cases
emphasizes the fact that they express concerns as any other
use case. As a consequence, advices could also be advised
by other crosscutting concerns.

2Obliviousness is desirable at the description stage. How-
ever, all concerns need to be made explicit in a composite
model. We propose Petri nets generation for that purpose.

<pointcut_expression> 1= <step_pointcut>
<operation_pointcut>
<alternative_pointcut>
<condition_pointcut>

<operation_pointcut> 1= <pointcut_type> “operations”
<operation_specs>
<operation_specs> = <operation_spec>
[¢)” <operation_specs>]
<pointcut_type> n= “after” | “before” |

“around” | “concurrent”

Figure 5: BNF grammar excerpt for pointcut ex-
pressions.

4.2 Joinpoint model for use cases

Any element related to behavior description in a use case
is a possible joinpoint. According to our abstract syntax,
use case description elements include: steps, operations, al-
ternatives, extension points and conditions. These elements
are all possible joinpoints. It is noteworthy that some ele-
ments such as steps are specific to use cases and are therefore
not well suited as joinpoints for crosscutting concerns over
several use cases. Elements such as conditions and opera-
tions are better suited to that purpose. By using use case
description elements as joinpoints, we satisfy obliviousness
as no specific description needs to be added to use cases for
crosscutting concerns.

4.3 Pointcut expression

Traditional AOP considers a computer program as a set of
“Instructions” which execute sequentially according to con-
trol structures. A pointcut expression in that context, spec-
ifies a set of joinpoints (program instructions) and how ad-
vices are composed relatively to these joinpoints. AspectJ
distinguishes three ways for advice composition before, after
or around a joinpoint. We draw similarities between com-
puter programs and use cases. We formally interpret a use
case description as a set of sequential “events” with some
control flow [16]. Because of this similarity, we consider the
same composition types (before, after, around) for use cases
as those defined by AspectJ. Additionally, we define a type
for the concurrent composition (concurrent).

Figure 5 shows an excerpt of a BNF grammar for pointcut
expressions. The grammar as the remainder of this paper,
focuses on pointcuts based on operation joinpoints. An oper-
ation specification (<operation_spec> in the grammar) may
include wildcards ("*’). This allows to identify operation
joinpoints using pattern matching. For instance, “Customer
*” refers to all operations from entity “Customer”, “* ask
x” refers to all operations from any entity with the word
“ask” as part of the operation name. The use of wildcards
provides a quantification mechanism that makes joinpoints
identification more flexible in situations where a large set
of joinpoints needs to be referred to or when the extend of
joinpoints is unpredictable.

4.4 Aspect relation

We define an <<aspect>> relation to link advices to
base use cases and to specify related pointcuts. More for-
mally, an <<aspect>> relationship ucqqn X acond x Apcuts X
BaseUC's denotes that the advice use case ucq,q, is weaved
to base use cases BaseUCs according to pointcuts Apcuts
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Figure 6: UCEd representation of a use case dia-
gram with <<aspect>> relations.

when condition acond holds. Notice that differently to
<<include>> and <<extend>> relations, the <<aspect>>
relation cardinality is one to many. This is a reflection to the
fact that crosscutting concerns typically affect several use
cases. The cardinality makes graphical UML use case dia-
grams poorly suited for <<aspect>> relationships. Linking
advice use cases to each affected use cases would create clut-
tered diagrams. UCEd “tree” representation provides a more
convenient way to express <<aspect>> relationships. Fig-
ure 6 shows UCEd rendering of the order processing use case
model with <<aspect>> relations. The model includes two
advice use cases “Manage Timeout” and “Create log”. The
target use cases of an << aspect>> relationship may be des-
ignated using a wildcard expression. For instance, “* order
*” corresponds to a set of use cases which names include
“order”. This expression would match use cases “Submit or-
der” and “Process order” in the use case model in Figure
1. Use cases may also be matched based on description ele-
ments “Title”, “Primary Actor”, “Goal”, “Precondition” and
“Postcondition”. For instance, expression “Primary Actor
Customer” matches all use cases which Primary Actor as
specified in the description is “Customer”.

In Figure 6, both advice use cases are linked to all the
other use cases but themselves (an advice use case is always
excluded from its set of related use cases to avoid infinite
inclusion). “Manage Timeout” applies after each OrderPro-
cessing operation with a name starting with “ask” while,
“Create log” applies after every Customer’s operation. The
later <<aspect>> relationship is constrained by condition
“logs are activated”. Notice that the correctness of point-
cut expressions in relation to requirements is based on the
right identification of the affected operations. It is assumed
here that system operations with verb “ask” correspond to
prompts for data entry and that every Customer’s opera-
tion involves data entry. New use cases could be added

pointcut

(a) - before point- (b) - after point-
cut cut

(d) - concurrent point-
cut

Figure 7: Weaving based on the different types of
operation pointcut expressions.

to the model with no modification to advice use cases or
<<aspect>> relationships as long as these use cases con-
sistently refer to the same operations. UCEd domain model
helps in that respect as it is a central location where all op-
eration in a use case model are defined. The domain model
that serves as a dictionary for use cases validation is also
useful to ensure a consistent use of operation names.

45 Mappingto Petri nets

The behavior defined in an advice use case is weaved with
the behavior defined in an affected base use case at the Petri
net level. Given an aspect relation ucqq, X acond X Apcuts X
BaseUC's, the weaving process augments the Petri nets cor-
responding to each use case in BaseUCs (obtained by ap-
plying the algorithm in [16]) according to the pointcut ex-
pressions in Apcuts.

Figure 7 shows the basic weaving of advice use cases ac-
cording to the different types of operation pointcuts. Use
cases to Petri nets mapping is such that each reference to
an operation corresponds to a transition. We suppose op is
the operation referred to as joinpoint in each pointcut ex-



Figure 8: Petri nets corresponding to use case “Sub-
mit order” extended by use case “Register Cus-
tomer” after weaving advice use case “Manage Time-
out”.

pression, acond is the <<aspect>> relationship condition
and a1, az, --- are events derived from the advice use case.
The transition corresponding to the operation joinpoint op
in the Petri net derived from the base use case is colored
black in Figure 7. Apart from that transition, places p;, px
and the edges p; X op, op X pi, all other Petri nets elements
result from composition. An <<aspect>> relationship may
not include a condition. In that case, the Petri net fragments
shown in Figure 7 would not include transitions acond and
not(acond) with relevant places. Composition mechanisms
similar to those in Figure 7 are used for pointcuts based on
other types of joinpoints; with transition op replaced by the
relevant part of the base use case Petri net corresponding
to the joinpoint. Several advices may apply to a same join-
point. We consider that all advices that apply after or before
a joinpoint are sequentially ordered. All advices that apply
around a joinpoint are executed alternatively according to
their corresponding < <aspect>> relationship condition. Fi-
nally, a set of concurrent advices at a joinpoint execute all
concurrently with the joinpoint (or around advices). Figure
8 shows the Petri net corresponding to use case “Submit or-
der” with advice use case “Manage Timeout” weaved in. Use
case “Manage Timeout” adds an alternative to all steps in
use case “Submit order” that satisfy the pattern “OrderPro-
cessing System ask*”.

4.6 Petri netsanalysis

Inconsistencies may result from the combination of as-
pects. We detect some of these inconsistencies by analyzing
composite Petri nets. As a simple example, consider the use
cases in Figure 9 along with the <<aspect>> relationships
defined below. Use case ucl is a base use case, aucl and
auc? are advice use cases. For simplicity only a single step is
included in each of these use cases. Suppose auc! and auc2
are linked to ucl according to <<aspect>> relationships:
aucl x ¢l x {pcut} x {ucl} and auc2 x not(cl) x {pcut} x
{ucl}. With ¢! a condition and pcut a pointcut expressed
as “around operation op”. Because the <<aspect>> re-
lationships conditions are complementary, the composition

Title:

uel Title: aucl Title: aucl
STEPS STEPS STEPS

1. al 1. a2
1. op

(a) base | (b) advice | (c) advice | (d)
use case | use case | use case | Petri net
ucl aucl auc2

Composite

Figure 9: Example for conflicting concerns.

results in a situation where the joinpoint operation can not
be executed. This is illustrated by transition not(cl)&cl in
the composite Petri net shown in Figure 9-(d). The transi-
tion is impossible and therefore p1 is unreachable.

Our implementation includes simple analysis capabilities
as above. In addition, UCEd generated Statecharts can be
validated by simulation using an integrated simulator. Petri
nets resulting from weaving may also be analyzed and ani-
mated using a variety of existing tools [2].

5. RELATED WORKS

Jacobson and Ng [10] proposed to leverage the use cases
<<eztend>> relationship for modeling aspects. Crosscut-
ting concerns are captured as extension use cases and exten-
sion points that refer to use case steps, are used for join-
points. FEaxtension pointcuts defined in extension use cases
are used for matching base and extension use cases accord-
ing to extension points syntactic correspondence. As ob-
served elsewhere [17, 6], the need to explicitly define exten-
sion points in both base and extension use cases is limiting as
it introduces a strong dependency between concerns. Addi-
tionally, the <<extend>> relationship cardinality is one to
one. Each instance of the relationship links exactly one ex-
tend use case to one base use case. This forces to explicitly
identify and link each use case affected by a crosscutting
concern to the extension and results in cluttered use case
diagrams. It also negatively impacts modifiability as any
change to the use case model is susceptible to affect several
use cases and relationships. As a solution, Jacobson and Ng
introduced infrastructure use cases for modeling system wide
concerns. An infrastructure use case systematically applies
to each step of each application use case in a use case model
without the need for an explicit relationship. Infrastructure
use cases help avoid cluttering but lack flexibility to address
situations where not all steps are affected by concerns. The
cardinality of the <<aspect>> relationship introduced in
this paper is one to many. Each crosscutting concern, mod-
eled as a use case, is linked to a set of affected base use cases
designated using quantified expressions. The <<aspect>>
relationship (1) avoids cluttering use case diagrams and (2)
promotes modifiability better as new use cases can be added
or removed from the use case model with no impact to other
elements.

In [4], Aratjo and Moreira proposed an extension of use
case models with the introduction of <<NFR>> use cases
and a <<constrain>> relationship. <<NFR>> use cases



capture non-functional crosscutting constraints. They are
linked to base use cases using the <<constrain>> relation-
ship. A similar approach is discussed in [17], where “cross-
cutting use cases” are proposed to capture crosscutting con-
cerns in use case models and a <<crosscut>> relationship
used to link these concerns to base use cases. Information
related to the composition of concerns is kept separately in
a table. Both the <<constrain>> and <<crosscut>> re-
lationship have a one to one cardinality. Additionally, use
case step numbers are used as joinpoints in [17], which fur-
ther limits flexibility as step numbers are specific to use cases
and are susceptible to change when use cases are edited.

A language construct called AspectU is introduced in [14]
to model crosscutting concerns in use cases. AspectU is pro-
posed as an aspect-oriented extension at the use case level
similar to AspectJ used at the code level. It defines an as-
pect entity, which includes pointcuts and advices. Pointcuts
refer to named steps and extensions in use cases as join-
points. Advices consist of steps and extensions specified to
be weaved after, before or around joinpoints. In addition
to AspectU, another construct called AspectSD is proposed
at the sequence diagram level to enable the translation of
AspectU constructs to AspectJ. AspectSD is used as an in-
termediate language to facilitate this transformation. Dif-
ferently to [14], our approach is based on existing use case
modeling constructs such as relationships and use cases. We
believe the adoption of aspect based use case modeling would
be easier with concepts familiar to use case modelers.

Several related scenario/use case based approaches includ-
ing [11, 5, 9] differ from ours in the notation used for use
cases. An extension to UML activity diagrams is used in
[11]. In [5], aspectual scenarios are modeled using Inter-
action Pattern Specifications (IPSs) and non-aspectual sce-
narios are described using UML sequence diagrams. Finally,
Use Case Maps (UCMs) are used in [9].

6. CONCLUSIONS

This paper presented an approach for modeling use case
based requirements with aspect-oriented techniques. Cross-
cutting requirements are modeled in addition to functional
requirements by extending traditional use case model with
a new relationship stereotyped as <<aspect>>. In order to
improve flexibility, the cardinality of the <<aspect>> rela-
tionship is one to many, joinpoints are use case description
elements and quantification is used to identify use cases and
joinpoints. Use cases are composed with aspect use cases
by a transformation to Petri nets and UML state machines.
The whole approach is automated and tool supported by
adding extensions to UCEd, an existing use case modeling
tool. UCEd includes facilities for simulation of generated
state machines and test generation. The simulation of a use
case model with aspectual components allows early valida-
tion of the interaction of crosscutting concerns. Test cases
derived from state models that integrate concerns ensure a
broad coverage of the system’s requirements.

Four types of composition (before, after, around and con-
current) are considered in this work, we will investigate other
types of composition in our future work. We will also con-
sider more elaborate joinpoints than simple use case ele-
ments. For instance, some concerns may only apply based
on the occurrence of certain sequences of operations. Fi-
nally, we plan to seek a convenient way for integrating the
<<aspect>> relationship to UML graphical use case dia-

grams. One solution that will be explored is the use of use
case generalizations.
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