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Abstract. The development of software product lines with model-driven  
approaches involves dealing with diverse modeling artifacts such as use case 
diagrams, component diagrams, class diagrams, activity diagrams, sequence 
diagrams and others. In this paper we focus on use cases for product line devel-
opment and we analyze them from the perspective of variability. In that context 
we explore the UML (Unified Modeling Language) «extend» relationship. This 
work allows understanding the activity of use case modeling with support for 
variability.  
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1   Introduction 

Use case diagrams are one of the modeling artifacts that modelers have to deal with 
when developing product lines with model-driven approaches. This paper envisions 
use cases according to the perspective of variability. The «extend» relationship plays a 
vital role in variability modeling at the level of use cases and allows for the use case 
modeling activity to be applicable to the product line software development approach. 
This paper’s contribute is on the understanding of the use case modeling activity with 
support for variability. We will illustrate our approach with some examples from the 
Fraunhofer IESE’s GoPhone case study [1], which presents a series of use cases for a 
part of a mobile phone product line. We will propose different kinds of variability in 
use case diagrams. 

The paper is structured as follows. Section 2 elaborates on the differences between 
others’ approaches to variability modeling and ours. Section 3 analyzes the differ-
ences between our approach to modeling different types of variability with the UML 
(Unified Modeling Language) «extend» relationship and others’ approaches. Section 
4 illustrates our approach with some examples from the GoPhone. Finally Section 6 
provides for some concluding remarks.  
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2   An Outline of Software Variability Modeling 

Despite use cases being sometimes used as drafts during the process of developing 
software and not as modeling artifacts that actively contribute to the development of 
software, use cases shall have mechanisms to deal with variability in order for them to 
have the ability to actively contribute to the process of developing product lines. For 
instance modeling variability in use case diagrams is important to later model vari-
ability in activity diagrams [2]. In this paper we shortly talk about alternative, spe-
cialization and option use cases as the representation of the three variability types we 
propose to be translated into stereotypes to mark use cases.   

We consider that product line modeling shall be top-down (rather than bottom-up), 
which means that the product line shall support as many products as possible within 
the given domain. In [3] Bayer, et al. refer that all variants do not have to be antici-
pated when modeling the product line. In [4] John and Muthig refer to required and 
anticipated variations as well as to a planned set of products for the product line, 
which indicates that their approach to product line modeling is bottom-up. A bottom-
up approach would consider that all the products from the product line are known a 
priori. Bragança and Machado [5] represent variation points explicitly in use case 
diagrams through extension points. Their approach to product line modeling is bot-
tom-up because they comment «extend» relationships with the name of the products 
from the product line on which the extension point shall be present. 

In [4] John and Muthig refer the benefits of representing variability in use cases. 
Although we totally agree with the position of these authors towards those benefits, 
we cannot agree when they state that information on whether certain use cases are 
optional or alternatives to other use cases shall only be in decision models as it would 
overload use case diagrams and make them less readable. Our position is that features 
as well as use cases shall be suited for treating variability in its different types. Bach-
mann, et al. mention in [6] that variability shall be introduced at different phases of 
development of product families. If a use case is an alternative to another use case, 
then both use cases shall be modeled in the use case diagram, otherwise the use case 
diagram will only show a part of the possibilities of the possible products John and 
Muthig mention in [4]. 

Coplien, et al. defend in [7] the analysis of commonality and variability during the 
requirements analysis in order for the analysis decisions not to be taken during the 
implementation stage by the professionals who are not familiar with the implications 
and impact of decisions that shall be made much earlier during the development cy-
cle. They refer that early decisions on commonality and variability contribute to large-
scale reuse and the automated generation of family members.  

Maßen and Lichter talk about three types of variability in [8]: optional, alternative 
and optional alternative (as opposite to alternatives that represent a “1 from n choice”, 
optional alternatives represent a “0 or 1 from n choice”). In this context they propose 
to extend the UML metamodel to incorporate two new relationships for connecting 
use cases. Our approach considers options and alternatives as well but we introduce 
these concepts into the UML metamodel through stereotypes (we consider that the 
«extend» relationship is adequate for modeling alternatives and a stereotype applica-
ble to use cases for modeling options).  
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3   Different Perspectives on the «extend» Relationship  

Gomaa and Shin [9] analyze variability in different modeling views of product lines. 
They mention that the «extend» relationship models a variation of requirements 
through alternatives. They also model options in use case diagrams by using the 
stereotype «optional» in use cases. We adopt these approaches to alternatives and 
options but we elaborate on another form of variability (specializations, which we 
consider to be a special kind of alternatives; Gomaa and Shin refer specialization as a 
means to express variability in [9]). Besides alternative and optional use cases, Go-
maa and Shin consider kernel use cases (use cases common to all product line mem-
bers). Gomaa models in [10] kernel and optional use cases both with the «extend» as 
well as with the «include» relationships (our approach is towards modeling kernel and 
optional use cases independently of their involvement in either «extend» or «include» 
relationships). 

Halmans and Pohl propose in [11] use cases as the means to communicate variabil-
ity relevant to the customer. Halmans and Pohl consider that generalizations between 
use cases are adequate to represent use cases’ variants. This is not our position. We 
recommend to use the «extend» relationship instead of the generalization relationship. 
Halmans and Pohl consider that modeling mandatory and optional use cases with 
stereotypes in use cases is not adequate because the same use case can be mandatory 
for one use case and optional for another. Again this is not our position. We consider 
that a mandatory use case is not mandatory with regards to another use case, rather it 
is mandatory for all product line members. We also consider that an optional use case 
is optional with regards to one or more product line members.  

Fowler suggests in his book “UML Distilled” [12] that we ignore the UML rela-
tionships between use cases besides the «include» and concentrate on the textual 
descriptions of use cases. We completely agree with Fowler on the textual descrip-
tions but we cannot agree with the rest. The «extend» relationship is needed in order 
to formalize at an early stage (the use case modeling) where variation will occur when 
instantiating the product line. Bosch, et al. mention in [13] the need for describing 
variability within different modeling levels such as the requirements one. 

4   Variability Types in the GoPhone Case Study 

We consider that the «extend» relationship is adequate for modeling alternatives and 
specializations, and a stereotype applicable to use cases for modeling options. The 
three variability types we propose to be translated into stereotypes to mark use cases 
are: alternative, specialization and option. From now on we either use the «extend» 
relationship without stereotypes or with one of the two stereotypes applicable to this 
relationship (depending on whether we are modeling alternatives or specializations). 
We propose the stereotypes «alternative», «specialization» and «option» to distin-
guish the three variability types. We also propose the stereotype «variant» to mark 
use cases at higher levels of abstraction before they are realized into alternatives or 
specializations. The stereotypes «alternative» and «specialization» shall be applicable 
to the «extend» relationship for modeling alternatives and specializations  
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respectively, and the stereotype «option» shall be applicable to use cases that repre-
sent options. Figure 1 shows some examples of alternative, specialization and option 
use cases from the GoPhone’s message sending functionality. 

             

Fig. 1. Some examples of alternative, specialization and option variability types from the Go-
Phone’s messaging domain 

Consider that an extending use case is a use case that extends another use case and 
that an extended use case is a use case that is extended by other use cases. In the con-
text of alternatives both extending and extended use cases represent supplementary 
functionality since both represent alternatives, which are not essential for a product 
without variability to function. If we have more than one alternative use case for the 
same functionality, one of those use cases shall be the alternative to all the others and 
extended by them. That use case is the one to be present in the products less robust in 
terms of functionality. 

If the intention is to use differential specification, specializations shall be modeled 
with the «extend» relationship, otherwise they shall be modeled with the 
generalization relationship. Differential specification of specializations means that 
specialization use cases represent supplementary functionality regarding the use case 
they specialize, therefore a product without variability does not require the 
specialization use cases to function. 

Options represent functionality that is only essential for a product with variability 
to function, therefore options represent supplementary functionality. However we do 
not recommend modeling options with the «extend» relationship because if the stereo-
type was on the relationship, the relationship itself would be optional and that is not 
the case (the use case is not optional with regards to any other use case, rather it is 
optional by itself). Options shall be modeled with a stereotype in use cases. The 
involvement of an option use case in either «extend» or «include» relationships, or 
even in none of those does not imply the presence of that use case in all product line 
members (which makes of it optional). 

5   Conclusions 

This paper has elaborated on the representation of variability in use case diagrams. It 
began by providing an analysis of the state-of-the-art concerned with this topic. Based 
on our position towards the related work we proposed three variability types to be 



 The UML «extend» Relationship as Support for Software Variability 475 

 

translated into stereotypes to mark use cases: alternative, specialization and option. 
We proposed both alternative and specialization use cases to be modeled with the 
«extend» relationship, and a stereotype applicable to use cases for modeling option 
use cases.  
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