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ABSTRACT

A Software Product Line (SPL) is a family of programs
where each program is defined by a unique combination of
features. Testing or checking properties of an SPL is hard as
it may require the examination of a combinatorial number of
programs. In reality, however, features are often irrelevant
for a given test — they augment, but do not change, existing
behavior, making many feature combinations unnecessary as
far as testing is concerned. In this paper we show how to
reduce the amount of effort in testing an SPL. We represent
an SPL in a form where conventional static program analy-
sis techniques can be applied to find irrelevant features for
a test. We use this information to reduce the combinatorial
number of SPL programs to examine.

1. INTRODUCTION

A Software Product Line (SPL) is a family of programs
where each program is defined by a unique combination of
features. By developing a set of programs with commonal-
ities and variabilities in a systematic way, SPLs can signif-
icantly reduce both the time and cost of software develop-
ment. But at the same time, SPLs require software engi-
neering techniques distinct from those for conventional pro-
grams. In particular, testing, the phase to which the major-
ity of software development is dedicated, becomes especially
challenging [26].

The most obvious challenge in testing or checking the
properties of programs in an SPL is scale: an SPL with
only 10 optional features has over a thousand (2'°) distinct
programs. The need to assume the worst-case and test all
programs is evident in the following scenario: suppose that
every program of an SPL outputs a String that each feature
might modify. To see if the output always conforms to a
particular pattern, every possible feature combination must
be tested.

Current practice often focusses on feature combinations
that are believed to have a higher chance of falsifying certain
properties [10]{11][25]. In light of no other information, this

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
March 2125, 2011, Pernambuco, Brad.
Copyright 2011 ACM X-XXXXX-XX-X/XX/XX ...$10.00.

Don Batory
University of Texas at Austin
Austin, TX 78712 USA
batory@cs.utexas.edu

Sarfraz Khurshid
University of Texas at Austin
Austin, TX 78712 USA
khurshid@ece.utexas.edu

is reasonable but critical combinations may be overlooked.
Another approach is to apply traditional verification tech-
niques directly — model checking [16][35] or bounded exhaus-
tive testing [7][37] — on every product of the SPL. Again,
feature combinatorics render brute force impractical. Yet
another complicating factor is that features often have no
formal specifications; even contracts are typically unavail-
able.

Given this dismal situation, it is still possible to improve
the state-of-the-art by leveraging the semantics of features,
i.e. increments in functionality. It is well-known that there
are features whose absence or presence has no bearing on
the outcome of a test. Such features are irrelevant — they
augment, but do not invalidate, existing behavior. To illus-
trate potential benefits, suppose we determine that 8 of the
10 features in the above example do not modify the output
String and thus are irrelevant. We can confidently run the
String output test on only 2% = 4 programs to analyze the
entire product line, instead of a thousand.

In this paper, we explore the concept of irrelevant features
to reduce SPL testing. We find features that do not influ-
ence the result of a given test (these features are irrelevant).
We accomplish this by representing an SPL in a form where
conventional program analyses can be applied, determining
the features that are irrelevant for a given test, and pruning
the space of such features to reduce the number of SPL pro-
grams to examine for that test without reducing its ability to
find bugs. In a poster paper [19], we introduced the notion
of analyzing features to reduce the effort of testing a product
line. This paper expands the poster paper substantially by
making the following new contributions:

Technique. We precisely define (ir)relevance in terms
of changes that a feature can make to a program. We
modify off-the-shelf static analyses for object-oriented
programs to check for relevance.

Implementation. We implement our technique as
an Eclipse plugin that uses Soot[30], a popular static
analysis framework for Java, and SAT4J[31], an off-
the-shelf SAT solver.

Evaluation. We demonstrate the effectiveness of our
technique on concrete product lines and tests.

2. MOTIVATING EXAMPLE

Product Line.  Suppose that we have the product line in
Figure 1 that represents bank accounts where one can add
money and be rewarded for being a valuable customer. The
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Figure 6: Algorithm to Find Test Con gurations

Table 1: Con gurations to Test

Testl | Test2 | Test3 | Base | Loyalty | Fee | Ceiling
No No Yes 1 0 0 1
No Yes Yes 1 0 1 0
No Yes Yes 1 0 1 1
Yes Yes Yes 1 1 0 0
No Yes Yes 1 1 0 1
No No Yes 1 1 1 0
No No Yes 1 1 1 1

irrelevant features as don’t-cares. More specifically, we find
a solution to the specialized feature model and add it to the
configurations to test (lines 6-7). We then ensure that the
configuration’s assignments to the relevant features do not
appear again by creating a blocking clause [31] consisting of
the assignments and conjoining the negation of the clause
to the feature model (lines 9-16). We then check if there is
another configuration and repeat the process until there are
no more configurations.®

Once the configurations to test have been identified, a test
runner, shown in Figure 3, goes through each configuration,
creating a concrete program corresponding to the configura-
tion from the SysGen program and running the test against
that program.

Examples. Table 1 shows the results of analyzing our
running example. Without analysis, each row, a configu-
ration in the original feature model, would have to be ex-
ecuted for each test. However, with our analysis, given a
test, only the rows with entries in the column corre-
sponding to the test need to be examined. For , as
stated in Section 5, there are no relevant features and thus
the enumeration algorithm returns just one configuration,

U U n , to
test. For , four combinations of the relevant features
and nmust be tested. For , all seven

configurations must be tested.

7. CASE STUDIES

We implemented our technique as an Eclipse plugin and
evaluated it on three product lines: Graph Product Line

3A simple variation of our algorithm terminates after col-
lecting k configurations, in case there is a huge number of
configurations to test.

(GPL), which is a set of programs that implement differ-
ent graph algorithms [23]; notepad, a Java Swing applica-
tion with functionalities similar to Windows Notepad; and
jak2java, which is a feature-configurable tool that is part of
the AHEAD Tool Suite [2].

Multiple tests were considered for each product line. Each
test, essentially a unit test, creates and calls the product
line’s objects and methods corresponding to the functional-
ity being tested. We ran our tool on a Windows XP ma-
chine with Intel Core2 Duo CPU with 2.4 GHz and 1024
MB as the maximum heap space. Note that although the
product lines were created in-house, they were created long
before this paper was conceived (GPL and jak2java were
created over 5 years ago and notepad was created 2 years
ago). In fact, these product lines were originally written in
Jak [4] and for the purpose of this paper, we developed a
Jak-to-SysGen translator to convert them into the SysGen
representation. Our plugin, the examined product lines and
tests, as well as the detailed evaluation results are available
for download [18].

7.1 Graph Product Line (GPL)

Table 2 shows the results for GPL, which has 1713 LOC
with 18 features and 156 configurations. Variations arise
from algorithms and structures of the graph (e.g. directed/-
undirected and weighted/unweighted) that are used. We
report two representative tests below.

CycleTest. 10 features are unbound. Applying the static
analysis, we find that 7 out of the 10 are reachable. Out of
these 7, only 1 feature, m r ,isrelevant. n 1r
is relevant because it fails the data-flow check by adding an
extra edge for every existing edge against the graph which
was created by the feature. The other reachable fea-
tures perform I/O operations on their own data are not
considered to be relevant (see Section 8.1 for a discussion
on I/0). With no analysis, the test would have to be run
on 156 configurations, the number of programs in the prod-
uct line. By specializing the feature model for this test and
determining bound and unbound features, we reduce that
number to 40. By applying the static analysis, we reduce
the number to 2. The time taken to specialize the feature
model is negligible. The static analysis takes less than a
minute and a half.

Our technique achieves a useful reduction in the config-
urations to test. Such a reduction pays dividends in two
ways. First, there is a good chance that it takes less time to
perform the static analysis (1.20 minutes) and run the test
on the reduced set (2) of configurations than to run the test
on the original set (156) of configurations. But more impor-
tantly, redundant test results are eliminated and need not
be analyzed by the tester. As far as the tester is concerned,
there is no extra information in the other 154 test results
and any information related to success or failure of the test
can be obtained from these 2 configurations.

StronglyConnectedTest. This test requires a number
of features to be bound for compilation, leaving only 4 fea-
tures unbound. Out of those 4, 3 are reachable, but none are
relevant. Just determining the unbound features already re-
duces the number of configurations, and applying the static
analysis returns the best possible outcome, i.e. running the
test on just 1 configuration. Like the previous test, the static
analysis takes just over a minute.



