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a b s t r a c t

Context: Testing plays an important role in the quality assurance process for software product line engi-
neering. There are many opportunities for economies of scope and scale in the testing activities, but tech-
niques that can take advantage of these opportunities are still needed.
Objective: The objective of this study is to identify testing strategies that have the potential to achieve
these economies, and to provide a synthesis of available research on SPL testing strategies, to be applied
towards reaching higher defect detection rates and reduced quality assurance effort.
Method: We performed a literature review of two hundred seventy-six studies published from the year
1998 up to the 1st semester of 2013. We used several filters to focus the review on the most relevant
studies and we give detailed analyses of the core set of studies.
Results: The analysis of the reported strategies comprised two fundamental aspects for software product
line testing: the selection of products for testing, and the actual test of products. Our findings indicate
that the literature offers a large number of techniques to cope with such aspects. However, there is a lack
of reports on realistic industrial experiences, which limits the inferences that can be drawn.
Conclusion: This study showed a number of leveraged strategies that can support both the selection of
products, and the actual testing of products. Future research should also benefit from the problems
and advantages identified in this study.
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1. Introduction

Software product line (SPL) engineering has proved to be an
efficient and effective strategy to achieve economies of scale and
scope, by exploiting commonalities and managing variation among
products [1]. It is based on the idea that assets, built on the basis of
a common design, can be configured and composed in different
ways, enabling the creation of a diversity of products, in a short-
ened building period. Such a software development paradigm leads
companies to achieve remarkable results such as substantial cost
savings, reduction of time to market, and large productivity gains
[2].

The systematic variability management is a fundamental char-
acteristic of a SPL. This practice is what mainly distinguishes this
from other software development strategies such as single system
development. Variation points identify places in design and code
where individual variants can be inserted. When assets designed
with variation points are composed, with specific variants selected
for use at each variation point, a large number of products can be
built leading to what is often referred to as a combinatorial explo-
sion in the number of variant products [3]. Therefore, managing
variations at different levels of abstraction and across all generic
development assets might be a cumbersome and complex task [4].

In a SPL, features are basic building blocks for specifying prod-
ucts. They can be defined as the distinctive characteristics of a sys-
tem [5]. Feature modeling has become the de facto standard
variability model, as it provides a compact representation of all
products of a SPL in terms of their features [6]. Feature models rep-
resent the products in a SPL by means of dependencies among fea-
tures and interrelationships among variation points [7].

Guaranteeing that every feature in a SPL will work as expected,
and ensuring that combinations of features will work in each prod-
uct is often problematic because of the high costs involved.
Exhaustive testing is seldom feasible in any development process.
This is particularly infeasible in SPL due to the variability in fea-
tures, due to the many input variables.

A scoping review, carried out as background to the present
review [8], revealed two independent but complementary interests
a SPL testing strategy should handle, as follows:

� Firstly, it is necessary to check the feature interaction coverage,
i.e., when checking the properties or configurations of a SPL,
every feature combination have to be consistent with the spec-
ification and must not violate the stated constraints.
� Secondly, it is necessary to check the set of correctness proper-

ties of each product. Given that a built software artifact can be
used by a range of products, an uncovered defect may be prop-
agated to the many products that include it.

The first interest considers testing generation as a systematic
selection of a representative set of product instances, comprising
a subset of all possible configurations in a SPL. The main idea is
to reduce the testing space. Fig. 1 illustrates the first interest. It
shows that test cases refer to product configurations, i.e., a test

case is responsible for testing whether an instance of the feature
model (or whatever represents the variability in a SPL) is valid or
not.

There are two main inputs to consider for this interest: a set of
product requirements and the quality of the variability model
under test. The role of requirements is to establish what function-
alities a product instance should encompass. Regarding the quality
of the variability model, through the analysis of its consistency, we
could ensure that the produced models are complete and correct,
in the sense that there are no conflicting restrictions between fea-
tures, and that all the important distinctions and differences in a
domain are covered by the model.

The second interest focuses on performing testing on end-prod-
uct functionalities. Such an interest deals with the systematic reuse
of test assets and results, as a means to reduce the overall effort,
and avoid retesting of already tested features, while being effective
at revealing faults. Test assets are designed to test the functional-
ities of features that will compose the products.

Test Cases

Test Case : 

Products Requirements

SPL Variability Models (ready for testing)

...

Prod-A

REQ REQ

Prod-n

REQ REQ

...

Test Case : 

TC-2TC-1 TC-n

...
TC-3TC-1 TC-n

...

...

Analysis of SPL Variability Models

...

Fig. 1. SPL Testing interest: selection of product instances to test.
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