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Abstract. A rapidly changing market leads to software systems with highly 
volatile requirements. These must be managed in a way that reduces the time 
and costs associated with updating a system to meet these new requirements. By 
externalizing volatile concerns, we can build a stepping-stone for future man-
agement of unanticipated requirements change. In this paper, we present a 
method for handling volatile concerns during early lifecycle software modeling. 
The key insight is that aspect-oriented techniques can be applied to modularize 
volatility and to weave volatile concerns into the base software artifacts. 

1   Introduction 

Modern systems should be able to cope gracefully with changes in requirements. A 
key barrier to the success of these systems is the time required to deal with require-
ments volatility. As Firesmith [7] says: “The more volatile the requirements, the more 
important it becomes for the requirements process to support the quick and easy 
modification and addition of requirements.” This paper proposes a novel modeling 
method that copes with requirements change by explicitly externalizing volatile con-
cerns. The key insight is that volatility can be handled in the same way as aspects. In 
general, volatile concerns may or may not be crosscutting but techniques for modeling 
aspects may be reused because both aspects and volatile concerns share the same 
basic needs – independency, modular representation and composition with a base 
description. By representing volatile concerns using aspect-oriented techniques, vola-
tility is modularized and requirements modifications can be rapidly composed into an 
existing system, leading to efficiency gains in handling requirements creep.  

Crosscutting concerns (such as security and logging) are properties whose imple-
mentation is scattered among several implementation modules, producing tangled 
systems that are tough to understand, difficult to maintain and hard to evolve. Aspect-
oriented software development (AOSD) aims at handling crosscutting concerns by 
proposing means to their systematic identification, modularization and composition.  

In our approach, both volatile and crosscutting concerns are modeled as aspects by 
using extended pattern specifications and are composed using specialized techniques 
for pattern specification composition. Pattern specifications (PSs) were proposed in 
[8] as a way to formalize reuse of models. Volatile concerns can be modeled as PSs 
and then instantiated and composed with base modeling artifacts in a number of 
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different ways. Requirements change amounts to replacing a pattern specification and 
reapplying the composition strategy.  

The major contribution of this paper is to demonstrate the value of early externali-
zation of volatile business rules and constraints to support evolution using aspects. 
This is achieved by proposing an evolutionary model that includes the concepts of 
aspect-orientation and its advantages [10]. This facilitates the introduction and re-
moval of business rules because it is easier to add a new aspect to a running system 
than to add a new class or a new method.  

The remainder of this paper is structured as follows. Section 2 introduces some 
background work. Section 3 gives an overview of our method for modeling volatile 
concerns. Section 4 applies the method to a case study. Section 5 evaluates the pre-
sented method according to general and specific criteria. Section 6 discusses related 
work and Section 7 concludes the work and suggests directions for further research. 

2   Background 

Pattern Specifications (PSs). PSs [8] are a way of formalizing the reuse of models. The 
notation for PSs is based on the Unified Modeling Language (UML) [13]. A pattern speci-
fication describes a pattern of structure or behavior defined over the roles which partici-
pants of the pattern play. Role names are preceded by a vertical bar (“|”). A PS can be 
instantiated by assigning concrete modeling elements to play these roles. A role is a spe-
cialization of a UML metaclass restricted by additional properties that any element fulfill-
ing the role must possess. Hence, a role specifies a subset of the instances of the UML 
metaclass. A model conforms to a PS if its model elements that play the roles of the PS 
satisfy the properties defined by the roles. Thus, a conforming diagram must instantiate 
each of the roles with UML model elements, multiplicity and other constraints. Note that 
any number of additional model elements may be present in a conforming diagram as long 
as the role constraints are maintained. As in [14], we extend the notion of pattern specifi-
cation from that of [8] by allowing both role elements and concrete modeling elements in 
a PS. This provides greater flexibility in reuse as often one may wish to reuse a partially 
instantiated model rather than a model only containing role elements.  

The Role of Roles. Our approach uses roles to typify concerns in terms of their vola-
tility, genericity and aspectuality. Volatile concerns represent business rules that the 
stakeholders would like to be able to change quickly, at any time, depending on the 
market demands. Examples of such volatile business rules are “Customers whose 
transactions amount to at least five million euros annually are awarded a position on 
the company executive board” or “Off-peak customers get a 5% discount”.  In tradi-
tional software development approaches, the specification, and consequent implemen-
tation, of these volatile requirements is hard-wired to core modules that cannot be 
changed without having to recompile the application. By externalizing these volatile 
concerns and specifying them as role elements (or, more generally, role models) we 
are offering a mechanism to instantiate each business rule differently whenever 
needed (genericity). For example, a volatile concern can be given as a use case role 
and later be instantiated to a concrete use case.   

Roles are also used to represent crosscutting concerns. The advantage is that the re-
sulting role model can be instantiated and composed differently depending on which 
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model it crosscuts. In general, both volatile and crosscutting concerns can be modeled 
as a PS, and this can be done at multiple levels of abstraction – e.g., a crosscutting use 
case can be refined into an APS. 

Crosscutting Models. We define an aspect-oriented model to be a model that cross-
cuts other models at the same level of abstraction. This means, for example, that a 
requirements model is an aspect if it crosscuts other requirements models; a design 
model is an aspect if it crosscuts other design models. In particular, a use case is not 
necessarily an aspect. Although a use case always cuts across multiple implementa-
tion modules, it is only an aspect if it cuts across other use cases. 

In this paper, we restrict the definition of an aspect-oriented model further and say 
that a model is an aspect only if it crosscuts other models written from the same per-
spective. For example, a model showing global component interactions does not, 
according to our definition, crosscut a model showing internal component behavior. 
Although the models are defined at the same level of abstraction, they are written 
from different perspectives – a global and a local perspective. In terms of UML, this 
means that we are only interested in crosscuts defined over diagrams of the same type. 
We therefore do not consider, for example, sequence diagrams that crosscut state 
machines or use cases that crosscut class diagrams. 

Composition Models. Keeping separate the definition of the rules that indicate how 
base and aspect models are weaved together is as important as representing crosscut-
ting models in a modular fashion. Separating aspects is good for improved modulari-
zation and evolution, and composition is necessary to facilitate reuse of both base and 
aspectual models, to understand the overall picture and to reason about the necessary 
tradeoffs between conflicting properties.  

Composition is achieved through composition rules. These rules weave together 
compatible models by means of specific operators. Compatible models are those at 
the same level of abstraction and that were built from the same perspective. Composi-
tion operators function as the glue that keeps together aspectual and base models. 
They are similar to advices (before, after and around) in AspectJ [10] except that here 
operators are specific to UML diagrams.  

3   Modeling Volatility  

Volatile requirements are business rules that the stakeholders would like to be able to 
change quickly, at any time. The key insight is that volatility can be handled in the 
same way as aspects, since both concepts share the same basic needs – independency, 
modular representation and composition with a base description. By representing 
volatile requirements using aspect-oriented techniques, volatility is modularized and 
requirements modifications can be rapidly instantiated and composed into an existing 
system. Therefore, the process we propose focuses on requirements evolution, where 
classification, composition and instantiation form the most important tasks to achieve 
the adequate flexibility needed for evolvable systems (see Fig. 1).  

The process starts with the identification of the main problem domain concerns (step 
1). A concern refers to a matter of interest that the future system needs to address to 
satisfy the stakeholders’ needs. Each concern is then classified (step 2) in terms of being 
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either a service or a constraint and either enduring or volatile. Each concern is described 
in terms of its main elements in a template as shown in Tables 1 and 2. Classification 
and description of concerns may lead to their refactoring (step 3). Concerns may there-
fore be iteratively identified, classified, described and refactored.  

Concerns are represented (step 4) using UML diagrams or pattern specifications. 
Enduring services are modeled using UML in the usual way. During this task, cross-
cutting elements in a model, or crosscutting models can be identified. Volatile con-
cerns, crosscutting concerns and constraints are defined as role elements in the 
representation models. The representation of these concerns as roles requires that the 
original concern definition is modified to become non-specific, thus allowing several 
concrete instantiations (step 5).  

Concern evolution (step 7) allows new concerns to be identified, classified, refac-
tored and represented, iteratively. At this stage, the outcome of the process is a speci-
fication where core concerns and concern roles are kept separate. Instantiation and/or 
composition (steps 5 and 6) can take place at the level of granularity of elementary 
concerns or models. While instantiation offers the opportunity to make concrete deci-
sions regarding volatile concerns, which have been marked as role elements, composi-
tion serves to weave the instantiated concerns into a base model consisting of 
enduring services. Composition can act as a basis for identifying conflicts solved by 
means of trade-off analysis. In this paper we will ignore conflict analysis and focus on 
composition using a set of generic directives and a technique similar to the one in [8].  

Concern
Identification (1)

Concern Classification
& Description (2)

Concern
Representation (4)

Concern
Evolution (7)

Concern
Refactoring(3)

Model
Instantiation (5)

Model
Composition (6)

 

Fig. 1. Aspect-oriented evolutionary model for volatile concerns 

We now illustrate the process outline in Fig. 1 using an automated transport sys-
tem1 in which transport contractors bid to fulfill passenger transport orders.  

3.1   Concern Identification 

The identification of concerns starts with the identification of the stakeholders and 
follows by inspecting existing documents that describe the problem, existing cata-
logues [2], stakeholders’ interviews transcripts and searching techniques [11].  

                                                           
1  Shuttle system description found at http://scesm04.upb.de/case-study-1/ShuttleSystem-Case 

Study-V1.0.pdf 
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For example, in the automated transport system, passenger orders can be bid on by 
all transport contractors and the lowest bid wins. In the event of two lowest bids, the 
first arriving bid wins. Successful completion of an order results in a monetary reward 
for the shuttle involved. In case an order has not been completed in a given amount of 
time, a penalty is incurred. The following two concerns can be identified from this ex-
ample: (C1) Passenger orders can be bid for by all transport contractors and the lowest 
bid wins. In the event of two lowest bids, the first arriving bid wins. (C2) Successful 
completion of an order results in a monetary reward for the shuttle involved. In case an 
order has not been completed in a given amount of time, a penalty is incurred. 

3.2   Concern Classification and Description 

Concerns are classified according to their type. This depends on two factors: (i) lon-
gevity, which can be enduring or volatile and (ii) conceptual nature, which can be 
services or constraints. Enduring concerns are “relatively stable requirements which 
derive from the core activity of the organization and which relate directly to the do-
main of the system” [12]. Volatile concerns “are likely to change during the system 
development or after the system has been put into operation” [12]. Constraints are 
properties that the system must satisfy. Services define functionalities that the system 
must offer. This information is collected in a bi-dimensional table (see Table 4) where 
each cell contains the list of concerns that satisfy a combination of those two factors.  

For example, concern C1 above is a service that might be classified as both endur-
ing and volatile. While the first sentence refers to something stable as it is likely that 
shuttles will always have to bid for business in this system, the second implies a 
choice process which is likely to change depending on organization policies. This 
leads to a natural refactoring of this concern into two separate concerns – one to cap-
ture the enduring part and one to capture the volatile part (cf. section 3.3 below). 

Each concern is described in more detail using a template that collects its contex-
tual and internal information. Tables 1 and 2 illustrate the templates for concern C1 
(refactored into C1a and C1b). The row “Interrelationships” lists the concerns that a 
given concern relates to. (The reader can see [2, 6] on several kinds of relationships.) 
A responsibility is an obligation to perform a task, or know certain information.  

3.3   Concern Refactoring  

Attempts to assign the enduring/volatility categorization lead to a refactoring of the 
requirements, thus increasing the granularity. For example, in the automated transport 
system example, the concern “(C1) Passenger orders can be bid for by all transport 
contractors and the lowest bid wins. In the event of two lowest bids, the first arriving 
bid wins.” could instead be represented as two separate concerns – one for the bidding 
(C1a) and one for the decision on who wins in the event of two equal lowest bids 
(C1b). Identified volatile concerns may be redefined to represent a more generic con-
cern. For example, C1b if originally defined as Choosing From Equal Bids, can be 
generalized to Choose Bid. Such a generalization promotes evolution since you may 
want to change the bidding policies in the future. 

The classification process helps to refactor the list of concerns into a list with con-
sistent granularity level. This is because increased granularity is often needed to be 
able to specify the fact that part of a concern is enduring or volatile. As an example, 
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for concern (C1) above, one would like to say that the first part of the concern (the 
bidding process) is enduring whereas the second part (dealing with two lowest bids) is 
volatile – one might, for example, later wish to use a different selection strategy in 
which bidders with strong performance histories win equal bids. Such a classification 
would lead naturally to splitting concern (C1) into two concerns (C1a) and (C1b). 
Applying a classification strategy consistently across a set of concerns leads to a con-
sistent level of granularity in concern representation. 

 

Table 1. Order Handling description 

Concern # C1a 
Name Order Handling 
Classification Enduring service 
Stakeholders Shuttle, Passenger 

Interrelationships C1b, C2 

List of pre-conditions 
(1) There is a new order 
List of responsibilities 

(1) Broadcast order 
(2) Receive bids 
(3) Store bids  

Table 2. Choose Bid description 

Concern # C1b 
Name Choose Bid 
Classification Volatile service 
Stakeholders Shuttle 
Interrelationships C1a 

List of pre-conditions 
(1) There should be at least one order 

List of responsibilities 
(1) Get offers 
(2) Select winning bid 
(3) Store Choice 
(4) Make decision known  

3.4   Concern Representation 

Our approach represents concerns using UML use case and activity models. Elements 
in a model representing crosscutting concerns or volatile constraints and services are 
marked as roles and the model becomes a pattern specification model. Thus, we may 
use Use Case Pattern Specification (UCPS) and Activity Pattern Specifications 
(APSs). 

Build Use Case Models. A UCPS is a modified use case model with use case roles, each 
one representing volatile constraints and services. It incorporates use case roles, where 
concerns are mapped into use cases, volatile constraints and services are mapped into use 
case roles, stakeholders are mapped into actors and interrelationships help in identifying 
relationships between use cases. Fig. 2 summarizes the process of building a UCPS. 

Most use case relationships are given in the usual manner (with <<include>> and 
<<extend>>). Those that are derived from constraints will, however, be related with 
other use cases by using the new relationship <<constrain>>, meaning that the origin 
use case restricts the behavior of the destination use case. (Origin and destination are 
indicated by the direction of the arrow representing the relationship.) Some of the use 
cases derived from constraint concerns are typically global properties, such as 
non-functional requirements.  Fig. 3 illustrates an example of a UCPS for the trans-
port system, where C1a (described in Table 1) and C1b (described in Table 2) are 
represented by use cases. Note how C1b is given as a role use case, pointing out the 
clear distinction between enduring and volatile concerns – a reader of the model can 
immediately see where the volatility lies. 
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Input: a list of stakeholders and classified concerns 
Output: a UCPS 
For each concern C: 

Create a new use case or use case role corresponding to C 
If C is enduring, describe C as a concrete use case 
If C is volatile, describe C as a use case role 
If C is crosscutting, describe C as a use case role 

If C has a relationship, R, to concern C’ in its template descrip-
tion, create a relationship between the use cases or use case 
roles corresponding to C and C’ 

If C is a constraint, attach the <<constrain>> stereotype to 
this relationship 

Map Stakeholders that interact with the new use cases into actors 

 
 
 
 
 

Order Handling

Choose Bid

Passenger
Shuttle <<include>>

 

Fig. 2. Guidelines to map concerns to a UCPS Fig. 3. Transport UCPS 

Identify Crosscutting Concerns. Crosscutting concerns are those that are required 
by several other concerns. This information can be found in the concerns’ templates, 
or by analyzing the relationships between use cases in the UCPS. For example, one 
use case that is included by several other use cases is crosscutting. 

Build Activity Models. Activities describe use cases and activity roles describe use case 
roles or crosscutting use cases. Fig. 4 gives the process for creating an activity pattern 
specification from the UCPS. Each responsibility listed in the concern’s template corre-
sponds to an activity in an activity diagram or an activity role in an APS. The nature of 
the concern (crosscutting, enduring or volatile) decides whether activities or activity roles 
are used. For example, C1b is volatile; therefore, one or more of its responsibilities will 
correspond to activity roles in the activity diagram. Activity roles are those that corre-
spond to the responsibilities that are primarily responsible for making the concern vola-
tile. In this case, responsibility 2 of C1b will correspond to a role activity (Fig. 5). 

Input: a UCPS and the list of concern templates 
Output: an APS for each use case role or crosscutting use case; 

an activity diagram for each use case  
For each use case U corresponding to a concern C: 

If U is a use case, create a new activity diagram: 
U’s activity diagram is a set of activities, one for 
each responsibility in C, connected by appropriate 
transitions  

If U is a use case role or crosscutting use case, create 
an APS: 

U’s APS is a set of activities and activity roles that 
represent responsibilities in C, connected by ap-
propriate role transitions 

 
 
 

Broadcast order

Receive bids

Store bids

Get offers

Select winning bid

Store choice

Make decision known

 
          (a)                          (b) 

Fig. 4. Guidelines to map UCPS to activity diagrams 
or APSs 

Fig. 5. Order Handling (a) and 
Choose Bid APS (b) 

3.5   Model Instantiation 

Model elements can be instantiated by a rule of the form: 
<step #.> Replace |<modelElement A>  
          with <modelElement B> 
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This means that modelElement A is eliminated and substituted by modelElementB, 
including its context. Instantiation is done for each particular configuration of the 
system. For example, consider our concern (C1b), represented in the UCPS as 
|Choose Bid. The instantiation rule is as follows: 

1. Replace |Choose Bid  
with Choose From Bids (Equal Bids Choice Based On Arrival Time) 

An instantiation for APS in Fig. 5 (b) is: 
2. Replace |Select Winning Bid  

with Select Lowest Bid (Equal Bids Choice Based On Arrival Time) 

Note that only volatile concern roles will need instantiation. The remaining roles 
elements might be used as “join points” for composition (section 3.6). 

3.6   Model Composition 

For the purpose of this paper we define two basic composition operators: insert and re-
place. The insert operator can be used together with the two clauses after and before, 
meaning that a particular model element can be inserted after or before a certain point in 
the base model, respectively. The replace operator, on the other hand, can be used to-
gether with the simple with clause, meaning that a model element replaces another (simi-
lar to an instantiation), together with a choice ([]) clause, meaning that more than one 
alternative is possible, together with a par (||) clause, meaning parallelism, etc. The 
clause Compose encapsulates a composition rule (c.f section 4.3 for concrete examples). 

Composition and instantiation can be applied independently from each other in an in-
cremental fashion, leading to consecutive refinements of abstract requirements models 
into more concrete analysis models, supported by a set of guidelines and heuristics. 
Composition is achieved by defining composition rules that explicitly specify how two 
or more models of the same type (e.g. activity diagrams and APSs) are weaved together. 
In a more traditional aspect-oriented view, only crosscutting concerns would be com-
posed with base modules. Here, we use composition to weave aspectual or volatile 
models to base models. A composition rule consists of a set of instantiation steps, where 
PS elements are replaced with concrete elements or other PS elements:  

Compose <PS A> with <PS B>  
 <step #.> Replace |<A> with <B>  
 <step #.> Insert <A> {after, before} <B>  
 <step #.> Insert <A> {after, before} <B> 

where <statement> 

where “A” and “B” may be model elements (or models in the case of the Insert opera-
tor). A composition rule can, of course, be more complex than this, involving, for 
example, decision and parallel operators. The full description of a composition lan-
guage is beyond the scope of this paper, and we leave it for future work. 

For our example, an obvious composition rule is to put together the activity dia-
gram Order Handling and the APS Choose Bid (Fig. 6(left)). The resulting model is 
illustrated in Fig. 6 (right) where transitions (1) and (2) represent the effect of the two 
insert operators. In this particular case, the choice of a particular method for choosing 
the winning bid would be performed after this composition. When the requirements 
change (i.e., volatile concerns change), composition can be used to update the model 
in an efficient and modular way. 
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Compose OrderHandlingAPS with ChooseBid 
1. Insert GetOffers after StoreBids  
2. Insert MakeDecisionKnown before FinalState
 

 

BroadcastOrder

ReceiveBids

StoreBids

GetOffers

SelectWinningBid

StoreChoice

MakeDecisionKnown

(1)

(2)  

Fig. 6. Composition rule (left); Resulting composed (right) 

3.7   Concern Evolution 

Evolution should cope with changes in concerns that are already part of the system 
and with new functionalities or constraints not yet part of the existing system. In the 
former, the system is prepared to handle the change, by either defining a new instan-
tiation rule, or else by changing one or more composition rules. For example, a 
change in the process used to select the winning bid (C1b) is easily handled at all 
levels by choosing different rules (i.e. rule 1 for the UCPS and rule 2 for the APS): 

1. Replace |Choose Bid  
with Choose From Bids (Equal Bids Choice Based On History) 

2. Replace |Select Winning Bid  
with Select Lowest Bid (Equal Bids Choice Based On History) 

In cases where we have to remove a concern, we need to remove all dependencies 
on this concern from all the composition rules. Coping with new requirements or 
constraints requires the reapplication of the method to identify the corresponding new 
concerns. These are integrated with the existing system by adding or changing exist-
ing composition rules. 

4   Case Study 

This section validates the approach described in the previous section by means of a 
case study based on the Washington subway system, described as follows: 

“To use the subway, a client uses a card that must have been credited with some 
amount of money. A card is bought and credited in buying machines available in 
subway stations. The card is used in an entering machine to initiate a trip. When the 
destination is reached, the card is used in an exit machine that debits it with an 
amount to be paid. If the card has not enough credit the gate will not open.” 

4.1   Concerns Identification 

Client and passenger are the final users of the system (client is a potential passenger). 
There are, however, other important stakeholders that provide key information about 
the system. These are, for example, the owner and the system administrators. The 
concerns discovered (C1, C3-C5) are listed in Table 3. Each one reflects a set of co-
herent sub-requirements that the future system must perform and were extracted  
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directly from the short description above. C2, on the other hand, is a security concern 
needed to access the subway: we must guarantee that the card is a valid one and also 
that it is the right type of card. This is information we get from the knowledge we 
have from other application domains that use cards for similar purposes.  

Table 3. List of concerns for the subway system 

Concern # Concern description 
C1 A client buys a card in a buying machine 
C2 A client must own a valid card  
C3 Clients credit cards with minimum amounts of money in buying machines 
C4 A client enters a subway station using a card in an entry machine 
C5 A client leaves the subway station using his card in an exit machine that debits it with 

the cost of the trip. If the card has not enough credit the gate will not open 
C6 The system is used for several passengers simultaneously 
C7 The system needs to react in time to avoid delaying passengers while they are entering 

or leaving the subway, or crediting their cards 
C8 The system must be available for use 

During the development process of requirements discovery, modeling, design and 
implementation, a developer needs to assess the quality conditions, or constraints, 
under which the services of the system will function. Stakeholders that have organiza-
tional goals in mind will give most of these “quality attributes” that need to be satis-
fied by the system. Therefore higher-level stakeholders, such as system administrator 
and owner, are good sources to identify broadly scoped properties. For example, it is 
common knowledge that subways have opening and closing hours. Therefore, our 
system must be available at least during that period. This is guaranteed by C8. An-
other important characteristic is to serve several passengers at the same time. This is 
covered by C6. Finally, another condition for the good use of the system is to avoid 
long queues of passengers. Concern C7 handles this issue.  Of course, other concerns 
may appear later, during the next stages of the development. 

The number of concerns identified depends on the decomposition criteria used. For 
example, instead of C1-C5 we could have one concern to handle each machine (entry 
machine, exit machine and buying machine). 

4.2   From Classification to Refactoring 

Concerns in Table 3 are classified according to characteristics defined in Table 4. 
Constraints impose conditions on services. For example, constraints C6-C8 are global 
properties that C1-C5 must satisfy. Note that C3 appears in two cells of the table and 
C5 appears in two cells. C3 is classified both as enduring service and volatile con-
straint while C5 is classified as enduring and volatile service, and also as volatile 
constraint. This leads to a refactoring of the list of concerns, which divides C3 and C5 
into separate concerns:  

• C3A (enduring service): Clients credit cards in buying machines 
• C3B (volatile constraint): Check if card is credited with a minimum amount  
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• C5A (enduring service): Client leaves the subway station using his card in an exit 
machine that debits it. If the card has not enough credit the gate will not open 

• C5B (volatile service): Exit machines calculate trip fare to be debited in cards 

The reason why we are externalizing the minimum amount (C3B) and the formula to 
calculate fares (C5B) is because those represent behaviors that we may want to change 
in the future. For example, to calculate the cost of the trip there are several options, 
which range from fixed prices to a prices depending on number of zones traveled to 
special discounts if promotions are available to encourage the usage of the system dur-
ing periods of low usage. By delaying such a decision, we do not have to “hard wire” 
the formula that calculates the amount to a certain entity of the system. Instead, we are 
free to instantiate the behavior with whatever is appropriate at deployment time. Table 5 
gives the refactored list of concerns with their identifications and names. 

Table 4. System concerns’ classification 

 Enduring Volatile
Services C1, C2, C3, C4, C5 C5 

Constraints C6, C7, C8 C3 
 

 

Table 5. Refactored list of concerns 

Concern # Concern name 
C1 Buy card 
C2 Validate card 
C3A Credit card  
C3B Check minimum amount 
C4 Enter subway 
C5A Exit subway  
C5B Calculate fare 
C6 Multi-access 
C7 Response time 
C8 Availability  

 

Table 6. Template for “Exit 
subway” 

Concern # C5A 

Name  Exit subway 
Classification Enduring service 
Stakeholders Passenger 
Interrelationships C2,C5B,C6-C8  

List of pre-conditions 
(1) Card is valid 

List of responsibilities 
(1) Check balance 
(2) Debit card 
(3) Register trip 
(4) Open gate 
(5) Eject card  

Table 7. Template for “Vali-
date card” 

Concern # C2 

Name  Validate  
card 

Classification Enduring 
service 

Stakeholder Passenger 
Interrelationships C3A,C4,C5A, 

C6-C8  
List of responsibilities 

(1) Insert card 
(2) Read card 
(3) Check card  

Table 8. Template for “Cal-
culate fare” 

Concern # C5B 

Concern name   Calculate 
fare 

Classification Volatile 
service 

Stakeholder 
Interrelationship C6-C8  

List of responsibilities 
(1) Get entry station 
(2) Get exit station 
(3) Calculate price  

In earlier iterations, the requirement “If the card has not enough credit the gate will 
not open” of C5 was classified as volatile constraint, since it seems to be a pre-
condition on C5. Later we realized that it was not worth to externalize such a prop-
erty, as we could not devise a situation where the owner of the system could see (or 
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want) this condition changed. It seems common sense to admit that the client will 
always have to pay for the trip. If, for some reason, we want to let him/her travel for 
free, that is another possible instantiation of C5B.  

Concerns are described using templates (Section 3.3). From now on, we will use 
the three concerns C5A, C5B and C2 (tables 6-8) to illustrate our discussions.  

4.3   Concern Representation 

Build the Use Case Models. A UCPS is obtained by applying the guidelines offered 
in Fig. 2. Fig. 7 illustrates part of the resulting model.  

BuyCard
Client

Availability

<<constrain>>

Passenger

CreditCard
<<constrain>>

CheckMinimumAmount

<<constrain>>

ValidateCard

<<include>>

CalculateFare

ExitSubway

<<include>>

<<constrain>>

Passenger

EnterSubway

<<constrain>>

<<include>>

<<include>>

 

Fig. 7. Partial UCPS 

By analysing all the concerns’ templates we can identify that ResponseTime, 
Multi-access, Availability and ValidateCard are crosscutting. This is so since the first 
three concerns have to be satisfied by several other concerns (e.g., ExitSubway, 
EnterSubway, CreditCard). On the other hand, ValidateCard is crosscutting because it 
is included by several use cases. 

Build Activity Models. Following the rules given in Fig. 4, activity diagrams and 
APSs can be derived from use cases and use case roles. Fig. 8 shows one activity 
diagram each for ExitSubway, ValidateCard and CalculateFare. Fig. 8(b) corresponds 
to the template defined in Table 7. The three first activities correspond to the respon-
sibilities listed therein. The last two role activities represent the two potential returns 
after the condition.  

4.4   Instantiation and Composition 

The UCPS use case role |CalculateFare, for example, can be instantiated with a rule 
of the type:  

Replace |CalculateFare  
with CalculateFareBasedOnZones 

But it could also be instantiated at a finer granularity level by using a similar rule for 
the APS activity role |CalculatePrice.  
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Composition can be accomplished using the replace and insert operators to bring 
together APSs and/or activity diagrams. An example of a composition rule joining 
ExitSubway with ValidateCard is: 

 
Compose ExitSubway with ValidateCardAPS 
1. Insert InsertCard after InitialState  
2. Replace |CardOk with CheckBalance 
3. Replace |CardNotOk with EjectCard 
 
The resulting composed model (Fig. 9) can be automatically generated. If needed, 

the composition process can be applied again to join more models to this resulting 
model until all models are joined to form a unique model of the full system.  For ex-
ample, we could add to this composed model CalculateFare with the rule: 

 
Compose ExitSubwayValidCard with CalculateFareAPS 
1. Insert CalculateFareAPS before CheckBalance 

 
 

CheckBalance

DebitCard

RegisterTrip

OpenGate

EjectCard

[balanceOk]
InsertCard

ReadCard

CheckCard

|CardOk |CardNotOk

[ok] [NotOk]

GetEntryPoint

GetExitPoint

| CalculatePrice

a) b) c)
  

Fig. 8. (a) ExitSubway activity diagram; (b) 
ValidateCard APS; (c) CalculateFare APS 

Fig. 9. Composed activity model 

5   Method Evaluation 

The evaluation criteria used here were proposed in [15]. There, four general compari-
son criteria are defined (evolvability, composability, traceability and scalability) as 
well as five other specific criteria (homogeneity concern treatment, trade-off analysis, 
verification and validation, handling functional and non-functional crosscutting re-
quirements, mapping requirements to later stages) for assessing requirements engi-
neering approaches. 

General Criteria. The main drive to define our method was to offer improved sup-
port for evolution. Volatile concerns cannot be disregarded as time-to-market is a 
major concern of leading companies when developing their systems. Our instantia-
tions and compositions facilitate rapid changes in requirements (see Section 3.7). By 
using aspect-oriented concepts combined with role-based models, composability is 
assured at several different levels of abstraction (concern, use case and activity levels) 
through the definition of simple composition rules. Traceability is supported by con-
cern templates and model derivation guidelines. Finally, the modeler has to specify 
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the instantiations and compositions and these will be, in the worse case, different for 
each base model crosscut by the aspect. We are now studying how to overcome this 
scalability problem by, for example, reusing instantiations and compositions. 

Specific Criteria. Core, volatile, or aspectual concerns are all treated homogeneously 
by using the same set of techniques. While identifying, describing and classifying 
concerns, we do not distinguish between functional requirements, non-functional 
requirements, and crosscutting requirements. The method provides several guidelines 
that support mappings across several models. As we follow a UML-based ap-
proached, most of the resulting artifacts have a direct map to the analysis phase. 
However, we need to invest more on this, maybe basing our research on MDD. 
Trade-off analysis has been addressed in our previous work, but not here. Verification 
and validation techniques are not handled in this paper.  

6   Related Work 

Our pattern specifications are based on [8], where an aspect is defined through role 
models to be composed into UML diagrams. However, the approach does not allow 
concrete modeling elements in role models. In this paper, we define a model that 
integrates UCPSs and APSs in a systematic way, allowing similar composition rules 
for concrete and role elements.  

Jacobson agrees that use case extensions are a way to handle aspects during re-
quirements [9]. However, his work does not include broadly scoped properties nor 
does he handle evolution through volatile services. 

Clarke describes composition patterns [3] to deal with crosscutting concerns as pat-
terns at the design level. Pattern binding is used, and sequence and class diagrams 
illustrate compositions. The compositions, however, are rigid as they concentrate on 
pattern instantiations. 

The idea to externalize volatile concerns is in some respects similar to the notions 
of product line architectures [4] and generative programming [5]. They model a fam-
ily of related applications and then configure particular instances. Our work is similar 
but focuses on volatility. Although our work is less general, it does not require the 
huge investment associated with modeling a related family of application. 

7   Conclusions and Future Work 

Volatile concerns and aspects share the need for independency, modular representa-
tion and composition. Along the paper we discussed why those three characteristics 
were important to support evolution, which is constrained by volatile requirements, 
and how aspect-orientation and pattern specifications can help in handling it. To ad-
dress this we proposed the externalization and consequent modularization of con-
straints and volatile services to cope with change on requirements. This is supported 
by an evolutionary method, where concern classification, requirements refactoring, 
model instantiation and model composition play a major role. Composition and 
instantiation can be applied independently from each other in an incremental manner, 
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where guidelines drive subsequent refinements of abstract requirements models into 
more concrete analysis models.  

For future work we plan to (1) create a specification language to define composi-
tion rules; (2) address conflicting emergent behavior that may appear when two or 
more candidate aspects are allowed to co-exist; (3) handle the scalability problems 
identified; and (4) develop a tool that supports the identification of concerns, their 
specification and composition. 
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