8. Future Directions

Combinatorial testing has evolved into an accepteadtice in software engineering. As it has entered
mainstream use, research interest has become pewmialized and application-oriented. Progress
continues to be made in covering array generatgorithms, often with the aim of applying
combinatorial methods to a broader range of tegimoglems, particularly those with larger inputsl an
complicated constraints. Concurrently, researcaersmproving combinatorial test design methods by
focusing on input model analysis and tools to agsithis phase of test design. Combinatorial hggsti
continues to expand into domains such as Softwar@ut Lines and mobile applications. Here we
review current and upcoming developments in thesasaand suggest potential impacts for practical
testing. Finally, we briefly discuss harder probéeimthe field for which broadly effective solutmare
not fully perfected.

8.1 Algorithms

While conventional algorithms produce very comgacays for many inputs, improvements are being
achieved. One recent trend in covering array #lguos is the use of reduction strategies on exjstin
arrays. That is, eway covering array witiN tests is systematically reduced to fewer tRamsts using a
variety of mathematical transformations. The rteam impacts of algorithm improvements in array
construction include extending the applicabilitycoibinatorial methods. For applications such as
modeling and simulation, where a single test mayfoun hours, reducing covering array size by even a
few tests is of great value.

These methods have recently improved upon thekmesth sizes of some covering array configurations
[1, 2] and active research continues in this d&@ailar transformations can also be done whereethes
constraints, and if the existing test suite wasdasigned as a covering array [3], using reductibas
preserve the combinatorial coverage of the origiestl suite. An extension of this strategy [4]ues

the option of allowing a subset of parameters tehalues freely assigned, i.e., new tests can be
generated rather than requiring them to be seldatedthe original test set. Other work shows that
heuristic search can in some cases compete widlugmethods in speed and practicality for covering
array construction [6]. Additionally, greedy algbms can be improved using graph-coloring methods
[7], to improve on a covering array generation ghifisit is optimal fot=2 but does not retain optimal
properties at>2.

A somewhat different aspect of applying combinatiamethods in test suite reduction is the use of
interaction coverage as a criterion for reducingsa suite [8]. This may be particularly valuafde
regression testing. Various test reduction strateave been applied in the past, but sometimak nes
deteriorating fault-detection effectiveness. Sioambination coverage is effective in fault deteati
retaining high combinatorial coverage in a reduest set can preserve effectiveness using fewts: tes
Yet another practical consideration is the setoe tbetween tests. Many testing problems, espg¢all
system integration or other large system testsiireghanges to the SUT configuration with each tes
Minimizing this time, while retaining high combimat coverage can thus be an effective strategy [5].

8.2 Input Modeling

A second major research trend involves the integradf combinatorial methods in the development
environment, and addressing practical problemsagogat to various domains. The first step in any
testing effort is to understand and define the impodel, that is, the set of parameters and vahagswill
be included in tests, along with any constraintyanes or sequencing. This phase is an issuaior
testing approach, not just combinatorial, but thigue aspects of CT have led researchers to tailor
conventional methods. Test environments tailooe@T are being developed [9, 10] to work with



popular frameworks such as Eclipse. These envieotsnwill allow for validating the consistency and
other meta-properties of constraint sets [11].

Software product lines are increasingly used agit #hormous range of possible configurations plewi
a natural domain for combinatorial testing. An asige survey [16] shows the variety of ways in vihic
t-way testing is now being applied in SPL testing emaluation. Because of the large number of
parameters in many SPLs, methods are being detds®edend the range of practical application for
covering array generators. Software product lofeen have hundreds, or even thousands, of vagable
Conventional covering array algorithms are resolimited in both time and storage to a few hundred.
One approach is flattening of the input modelgescribed in Sect.7.5 [13]. Such methods are twveac
area of research.

Two current lines of research for improving defimit of the input model are classification trees and
UML models. UML sequence diagrams can be usedpagdro rule-based tools that extract an input
model that can be used with a covering array gemejb2]. Input variables and values are extracted
from UML message specifications and guard conditignoviding partial automation of the process to
reduce effort for test designers. Classificati@esrfit well witht-way testing, because they allow easy
analysis and definition of test parameters in a steucture [14]. Leaf nodes of the tree can éa&téd as
category partitions and used directly in generatioering arrays. Robust tools based on classifica
trees, UML diagrams, and related concepts canrhake combinatorial methods easier to use for test
developers.

8.3 Harder problems

Combinatorial testing will continue to find new daims of application, but some research problems
remain to be solved. Two broad areas in particdadikely to receive attention from researchers,
because of their practical significance in indastapplications.

Very large systems. As with many areas of software engineersuglability is essential. Fortunately,
current combinatorial methods and covering arrayeggors can address the vast majority of testing
requirements. As noted earlier in the chapter,év@r development approaches such as software
product lines may involve thousands of parameteith, large numbers of constraints. Current cowgrin
array algorithms do not scale to such large problend existing constraint solvers are also insieffit
for an extremely large number of constraints anthiées.

Test development time: Case studies and experience reports show thatioatorial methods can provide
better testing at lower cost, but these methodseguire significant expertise and do not necelysari
speed up the testing process. As such, if timadoket is the primary concern, conventional test
methods are likely to be preferred by developéygplication domains where CT has seen the mostirapi
acceptance so far are those with very high assenautirements, such as aerospace/defense, finance,
and manufacturing. Reducing the time requirediing combinatorial methods is a significant
challenge.

Research and practice have shown that combinatesitihg is highly effective across a range ofigst
problems, and this range of applicability continteeexpand for new domains and technologies. The
current high level of research interest in thedfi@liggests that it may continue to advance, progidi
stronger testing at reduced cost for developers.
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