Preface

ThePernambuco School on Software Engineering (PSSE) 2@@#he second in a se-
ries of events devoted to the study of advanced computanciznd to the promotion
of international scientific collaboration. The main them@007 wagesting Testing....
The Summer School and its proceedings were intended to gle¢ailed tutorial intro-
duction to the scientific basis of this activity and its stafe¢he-art.

These proceedings record the contributions from the ld\itcturers. Each of the
chapters is the result of a thorough revision of the initiaies provided to the partici-
pants of the School. The revision was inspired by the syngegyerated by the opportu-
nity for the lecturers to present and discuss their work agrtbemselves, and with the
School’s attendees. The editors have tried to produce aresheiew of the topic by
harmonising these contributions, smoothing out diffeesnia notation and approach,
and providing links between the lectures. We apologise ¢oatlithors for any errors
introduced by our extensive editing.

Although the chapters are linked in several ways, each osefiiently self con-
tained to be read in isolation. Nevertheless, Chapter 1ldhmeiread first by those
interested in an introduction to testing.

Chapter lintroduces the terminology adopted in this book. It also/fufes an overview
of the testing process, and of the types (functional, stirattand so on), and dimen-
sions (unit, integration, and so on) of the testing activitye main strategies employed
in the central activity of test selection are also discusktabt of the material presented
in this introductory chapter is addressed in more deptherfaHowing chapters.

Chapter 2 gives an overview of the foundations and practice of testingpvers func-
tional, structural, and fault-based testing, and disciasgomation extensively. Evalu-
ation and comparison is based on experimentation, with @siplon mutation testing.

Chapter 3 discusses test-case generation and selection for reagstems. The fo-
cus is on model-based approaches. A particular toeRGET, and a case study using
mobile-phone applications, are used for extensive ilfiitn of techniques, strategies,
and algorithms. Modelling is an expensive activity in thismtext, and this chapter also
discusses the automatic generation of models from reqeinésn

Chapter 4
Chapter 5

Chapter 6 summarises the experience of a leading tool vendor and afgellt ad-
dresses the issues governing the design and use of bothestdtdynamic testing tools.
It argues that a well designed modern tool relies on an uyiderimathematical the-
ory: there is now a convergence between formal methods ancipied testing.



Chapter 7

Chapter 8 revisits fault-based and mutation testing. It gives a fatiwhal account of
this technique using a relational model of programming Baserefinement, namely,
that of Hoare and He’s Unifying Theories of Programming ().TFhe theory suggests
and justifies novel test-generation techniques, which e discussed. Tool support
for the presented techniques is considered, and protoelssad as examples.

We are grateful to the members of the organising committeée,worked very hard
to provide an enjoyable experience for all of us. Withoutshpport of our sponsors,
PSSE 200¢ould not have been a reality. Their recognition of the intace of this
event for the Software Engineering community in Latin Aroariis greatly appreciated.
We would also like to thank all the lecturers for their invatile technical and scientific
contribution, and for their commitment to the event; thedfbf all authors is greatly

appreciated. Finally, we are grateful to all the particigaof the School. They are the
main focus of the whole event.

April 2006 Paulo Borba
Ana Cavalcanti

Augusto Sampaio

Jim Woodcock
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Testing a Software Product Line

John D. McGregor
Clemson University, USA

The software product line approach to the development divsoé intensive sys-
tems has been used by organizations to improve qualitye&ser productivity and re-
duce cycle time. These gains require different approachaswumber of the practices
in the development organization including testing. Thenp&d variability that facili-
tates some of the benefits of the product line approach padeallange for test-related
activities. This chapter provides a comprehensive viewesfilig at various points in
the software development process and describes specHititgees for carrying out the
various test-related tasks. These techniques are iltedtissing a pedagogical product
line developed by the Software Engineering Institute (SEI)

We first introduce the main challenges approached by thiptehahen Section 2
overviews basic software product lines concepts. Sectierphins, in a product line
context, several testing concepts introduced in Chaptedtion 4 complements this by
introducing Guided Inspections, a technique that appliesiiscipline of testing to the
review of non-software assets typically found in softwameduict lines. The core of the
chapter is Section 5, which describes techniques that caisdxbto test product lines.
Section 6 discusses how we can evaluate the benefits of aqtrioiel approach for
testing, and Section 7 illustrates some of the presentéaimgees. Finally, we end with
a discussion of related issues and research questionsdsgert3), and conclusions 9
about product line testing and its relation to development.

1 Introduction

Organizations are making the strategic decision to adopb@ugt line approach to the
production of software-intensive systems. This decisgaften in response to initia-
tives within the organization to achieve competitive adage within their markets. The
product line strategy has proven successful at helpingnizgdons achieve aggressive
goals for increasing quality and productivity and reduaiygle time. The strategy is
successful, at least in part, due to its comprehensive framethat touches all aspects
of product development.

Testing plays an important role in this strategic effortohder to achieve overall
goals of increased productivity and reduced cycle timegtheed to be improvements
to traditional testing activities. These improvementdude:

— Closer cooperation between development and test personnel
— Increased throughput in the testing process.

— Reduced resource consumption.

— Additional types of testing that address product line djefiults.

There are several challenges for testing in an organiz#iietirealizes seventy-five
to ninety-five percent of each product from reusable as$aese include:
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— variability - The breadth of the variability that must be asunodated in the assets,
including test assets, directly impacts the resourceseatefent adequate testing.

— emergent behavior - As assets are selected from inventarga@ambined in ways
not anticipated, the result can be an interaction that ishaler not present in any
one of the assets being combined. This makes it difficult W& laareusable test case
that covers the interaction.

— creation of reusable assets - Test cases and test data asebandidates to be
reused and when used as is they are easy to manage. The armeussoachieved
in a project can be greatly increased by decomposing theasssits into finer
grained pieces that are combined in a variety of ways to predunany different
assets. The price of this increased reuse is increasedfeffptanning the creation
of the assets and management of the increased number attutif

— management of reusable assets - Reuse requires trageatnitihg all of the pieces
related to an asset to understand what an asset is, whergarésl and when it is
appropriate for use. A configuration management systemigeevhe traceability
by explicit artifacts.

We discuss several activities that contribute to the qualfithe software products
that comprise the product line, thinking of them as formirgpain of qualityin which
quality assuring activities are applied in concert withrepooduction step in the soft-
ware development process. In addition to discussing thegdwin traditional testing
processes needed to accommodate the product line appveaphesent a modified in-
spection process that greatly increases the defect findweipof traditional inspection
processes. This approach to inspection applies testimgitaees to the conduct of an
inspection.

We use a continuing example throughout the chapter toifitesthe topics and then
we summarize the example near the end of the chapter. Thelédf@ame Maker prod-
uct line is an example product line developed for pedagbgieeposes. A complete
set of product line assets are available for this exampldymline. The product line
consists of three games: Brickles, Pong and Bowling. Thiatian points in the prod-
uct line include the operating system on which the gamesawmoice of an analog,
digital, or no scoreboard, and whether the product has dipeanode.

The software product line strategy is a business strategyues a specific method
to achieve its goals. The material in this chapter refledssdhientation by combining
technical and managerial issues. We briefly introduce a cehgmsive approach to soft-
ware product line development and we provide a state-opthetice summary. Then
we describe the current issues, detail some experiencesudiite research questions
regarding the test-related activities in a software protine organization.

2 Software product lines

A software product line is a set of software-intensive systsharing a common, man-
aged set of features that satisfy the specific needs of acpltimarket segment or

! The complete example is available at http://www.sei.caw/jgroductlines/ppl
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mission and that are developed from a common set of coresassaiprescribed man-
ner [8]. This definition has a number of implications for tesategies. Consider these
key phrases from the definition:

— set of software-intensive systendhe product line is the set of products. The prod-

used to build the product line. The commonalities among tloelycts will trans-
late into opportunities for reuse in the test artifacts. Vagabilities among prod-
ucts will determine how much testing will be needed.

— common, managed set of featur@gst artifacts should be tied to significant reusable
chunks of the products, such as features. These artifactmanaged as assets in
parallel to the production assets to which they correspdhis. will reduce the ef-
fort needed to trace assets for reuse and maintenance pergotest asset is used
whenever the production asset to which it is associatedsid.us

— specific needs of a particular market segment or missibhere is a specified do-
main of interest. The culture of this domain will influence tbriorities of product
qualities and ultimately the levels of test coverage. Faneple, a medical device
that integrates hardware and software requires far modepee of the absence of
defects than the latest video game. Over time those who wdHeimedical device
industry develop a different view of testing and other qyadissurance activities
from workers in the video game domain.

— common set of core asset¥he test core assets include test plans, test infrastruc-
tures, test cases and test data. These assets are develapedmhmodate the range
of variability in the productline. For example, a test sgibdstructed for an abstract
class is a core asset that is used to quickly create testefiorete classes derived
from the abstract class.

— in a prescribed manner There is a production strategy and production method
that define how products are built. The test strategy andinéststructure must
be compatible with the production strategy. A productiamatsgy that calls for
dynamic binding imposes similar constraints on the tedtchnology.

The software product line approach to development affemtsrhany development
tasks are carried out. Adopting the product line strategyihgplications for the soft-
ware engineering activities as well as the technical andrmgtional management ac-
tivities. The Software Engineering Institute has devetbpd-ramework for Software
Product Line Practic&/? which defines 29 practice areas that affect the success of the
product line. A list of these practices is included in the Apgix. The practices are
grouped into Software Engineering, Technical Managemedt@rganizational Man-
agement categories. These categories reflect the duali¢athnd business perspec-
tives of a product line organization. A very brief descigptof the relationship between
the Testing practice area and the other 28 practices isdadlin the list in the appendix.

The software product line approach seeks to achieve sicdtagls of reuse. Or-
ganizations have been able to achieve these strategis lesiglg the product line ap-
proach, while other approaches have failed, because ofamprehensive nature of
the product line approach. For example, consider the pnobliecreating a “reusable”

2 SM gervice mark of Carnegie Mellon University.
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implementation of a component. The developer is left witrdaeign context, just the
general notion of the behavior the component should havarenthanager is not cer-
tain how to pay for the 50% - 100% additional cost of makingdgbmponent reusable
instead of purpose built. In a software product line, thditjga and properties, required
for a product to be a member, provide the context. The reasadhponent only has
to work within that context. The manager knows that the pobtine organization that
owns all of the products is ultimately responsible for furglthe development. This
chapter presents testing in the context of such a comprafeaaysproach.

2.1 Commonality and variability

The products in a product line are very similar but diffemfre@ach other (otherwise
they would be the same product). The points at which the potsdiiffer are referred to
asvariation points Each possible implementation of a variation point is nefétto as
avariant

The set of products possible by taking various combinatidrise variants defines
the scopeof the product line. Determining the appropriate scope efgtoduct line is
critical to the success of the product line in general andaktng practice specifically.
The scope constrains the possible variations that mustdmiated for in testing. Too
broad a scope will waste testing resources if some of theyatsdare never actually
produced. Too vague a scope will make test requiremensraityue or impossible to
write.

Variation in a product is nothing new. Control structurdswalseveral execution
paths to be specified but only one to be taken at a time. By ¢hatige original inputs,
a different execution path is selected from #xéstingpaths. The product line approach
adds a new dimension. From one product to another, the gatharegpossiblechange.
In the first type of variation, the path taken during a spe@fecution changes from
one execution to the next but the control flow graph does namngé just because dif-
ferent inputs are chosen. In the second type of variaticiergifit control flow graphs
are created when a different variant is chosen.

This adds the need for an extra step in the testing procesglisg across the
product space, in addition to sampling across the data spaceis manageable only
because of the use of explicit, pre-determined variatiantp@nd automation. Simply
taking an asset and modifying it in any way necessary to fitaaycet will quickly
introduce the level of chaos that has caused most reusesaffdail.

Thecommonalityamong the products in a product line represents a very layge p
tion of the functionality of these products and the largggpartunity to reduce the
resources required. In some product lines this commonaliiglivered in the form of
a platform which may provide virtually identical functiditg to every product in the
product line. Then a selected set of features are added toldtferm to define each
product. In other cases, each product is a unique assemlalysets, some of which
are shared with other products. These different approaitiedfect our choice of test
strategy.

The products that comprise a product line have much in contmgond the func-
tional features provided to users. They typically attaakilsir problems, require similar
technologies and are used by similar markets. The prochetlpproach facilitates the
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exploitation of the identified commonality even to the leeélservice manuals and
training materials [9].

The commonality/variability analysis of the product linetinod produces a model
that identifies the variation points needed in the produngt krchitecture to support
the range of requirements for the products in the produet Failure to recognize the
need for variation in an asset will require custom develapina®d management of a
separate branch of code that must be maintained until afutajor release. Variability
has several implications for testing:

— Variation is identified at explicit, documented variatiampts- Each of these points
will impose a test obligation in terms either of selectingst ttonfiguration or test
data. Analysis is required at each point to fully understdmedrange of variation
possible and the implications for testing.

— Variation among products means variation among testhe test software will
typically have at least the same variation points as theymgbftware. Constraints
are needed to associate test variants with product vari@ntssolution to this is to
have automated build scripts that build both the productthedests at the same
time.

— Differences in behavior between the variants and the tésiald be minimal We
show later that using the same mechanisms to design thentesdtiucture as are
used to design the product software is usually an effecéebrtique. Assuming
the product mechanisms are chosen to achieve certainigsatite test software
should seek to achieve the same qualities.

— The specific variant to be used at a variation point is bouna specific time The
binding time for a variation point is one specific attributattshould be carefully
matched to the binding of tests. Binding the tests later thamproduct assets are
bound is usually acceptable but not the reverse.

— The test infrastructure must support all the binding timeseduin the product line
- Dynamically bound variants are of particular concern. &mmmple, binding as-
pects [23] to the product code as it executes in the virtuahime may require
special techniques to instrument test cases.

— Managing the range of variation in a product line is essentigvery variant pos-
sibility added to a variation point potentially has a congtorial impact on the
test effort. Candidate variants should be analyzed cdyefuldetermine the value
added by that variant. Test techniques that reduce the inopadded variants will
be sought as well.

Commonality also has implications for testing:

— Techniques that avoid retesting of the common portions caatly reduce the test
effort.

— The common behavior is reused in several products makingwastment in test
automation viable.

2.2 Planning and structuring

Planning and structuring are two activities that are imguairto the success of the prod-
uct line. A software product line is chartered with a spea#tof goals. Test planning
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takes these high level goals into account when defining tiaésdor the testing activi-
ties. The test assets will be structured to enhance thesalglity. Techniques such as
inheritance hierarchies, aspect-oriented programmiig@mplate programming pro-
vide a basis for defining assets that possess specific aisimcluding reusability.

Planning and structuring must be carried out incrementatlyoptimize reuse, as-
sets must be decomposed and structured to facilitate agsegnh product team. One
goal is to havancrementalalgorithms that can be completed on individual modules
and then be more rapidly completed for assembled subsystedgroducts using the
partial results. Work in areas such as incremental modelkihg and component cer-
tification may provide techniques for incremental testidg]|

A product line organization defines two types of rolesre asset buildeandprod-
uct builder. The core asset builders create assets that span a suffaneet of variabil-
ity to be usable across a number of products. The core asshislé early assets such
as the business case, requirements and architecture anddaets such as the code.
Test assets include plans, frameworks and code.

The core asset builder createsatached proces®or each core asset. The attached
process describes how to use the core asset in building agrddthe attached process
may be a written description, provided as a cheatsheet ipdecbr as a guidance ele-
ment in the .NET environment, or it may be a script that will’dran automated tool.
The attached process adds value by reducing the time relgoira product builder to
learn how to use the core asset.

The core asset builder’s perspective is: create assetatbatisable by product
builders. A core asset builder’'s primary trade-off is betwesufficient variability to
maximize the reuse potential of an asset and sufficient camatitg to provide sub-
stantial value in product building. The core asset develapiypically responsible for
creating all parts of an asset. This may include test casg¢@th used to test the asset
during development and can be used by product developeasity est the assets once
they are integrated into a product.

The product builders construct products using core assetay additional assets
they must create for the unique portion of product. The pebbuilder provides feed-
back to the core asset builders about the usefulness of tieeassets. This feedback
includes whether the variation points were sufficient farpioduct.

The product builder’s perspective is: achieve the requipedlities for their spe-
cific product as rapidly as possible. The product builderspary trade-off is between
maximizing the use of core assets in building the productaaninieving the precise re-
quirements of their specific product. In particular, praduglders may need a way to
select test data to focus on those ranges critical to theesaaf their product.

To coordinate the work of the two groups, a production spwts created that
provides a strategic overview of how products will be crddtem the core assets. A
production method is defined to implement the strategy. Théhad details how the
core asset developers should build and test the core assiiatproduct builders can
achieve their objectives.

A more in-depth treatment of software product lines can beddn [8].
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3 Testing overview

As discussed throughout this book, testinghie detailed examination of an artifact
guided by specific informatiomhe examination is a search for defects. Program fail-
ures signal that the search has been successful. How hardasehsdepends on the
consequences if a defect is released in a product. Softwaliéf support systems will
require a more thorough search than word processing sa@ftwar

The purpose of this section is to give a particular perspedahn testing at a high
level, both recalling and relating to the product line caht®ncepts discussed in Chap-
ter 1. We discuss some of the artifacts needed to operaté¢ proeess. After that we
present a perspective on the testing role and then briefyrithesfault models.

3.1 Testing artifacts

This definition of testing encompasses a number of testitigithes that are dispersed
along the software development life cycle. We refer to tlaees where these activities
are located agest points Figure 1, similar to what is illustrated in Chapter 1, shows
the set of test points for a high-level view of a developmentpss. This sequence is
intended to establish the chain of quality.

Requirements Use cases uided Inspection

Guided
Inspection

ATAM

) Analysis
Analysis _ models

Archilec%De{%

Detailed Design

_Architecture™
description
_Design
models

Guided
Inspection

Implementatiom\Integration

Coding System

Development Testing

Fig. 1. Test points

As mentioned in Chapter 1, the IEEE 829 standard [18] defimesy@er of testing
artifacts, which will be used at each of the test points indeeelopment process. Sev-
eral of these test assets are modified from their traditiftorad to support testing in a
product line. So below we recall some of the concepts disclissChapter 1 and relate
them to the product line context:
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— test plan - A description of what testing will be done, theoteses needed and a
schedule for when activities will occur. Any software dephent project should
have a high level end-to-end plan that coordinates the warapecific types of
tests that are applied by developers and system testers.iftigidual test plans
are constructed for each test that will be conducted. In twsoé product line
organization a distinction is made between those plansloleed by core asset
builders that will be delivered to the product builders aégvproduct and the plans
that the product builder derives from the product line plad ases to develop their
product specific plan. The core asset builders might proaitEmplate document
or a tool that collects the needed data and then generatescthieed plan.

— test case - A single configuration of test elements that eieb@duse scenario for
the artifact under test. In a software product line, a teseagaay have variation
points that allow it to be configured for use with multiple guats.

— test data - All of the data needed to fully describe a scen@hie data is linked to
specific test cases so that it can be reused when the tesscdswitest data may
have variation points that allow some portion of the datagticluded or excluded
for a particular use.

— test report - A summary of the information resulting from tiest process. The
report is used to communicate to the original developersapement and poten-
tially to customers. The test report may also be used asmesidef the quantity and
quality of testing in the event of litigation related to a guat failure.

The primary task in testing is defining effective test ca3esa tester, that means
finding a set of stimuli that, when applied to the artifact enst, exposes a defect. We
discuss several techniques for test case creation butthléof rely on a fault model, as
briefly discussed in Chapter 1 and explored in more detaihapfer 8. There will be a
fault model for each test point. We focus on faults relatebddimg in a product line in
Section 1.

3.2 Testing perspective

The test activities, particularly the review of non-softe/assets, are often carried out
by people without a traditional testing background. Urstseare usually carried out by
developers who pay more attention to creating than critiguf product line organi-
zation will provide some fundamental training in testingiteiques and procedures but
this is no substitute for the perspective of an experienestt. In addition to training
in techniques, the people who take on a testing role at amyt poany process should
adopt the “testing perspective”. This perspective guidmg they view their assigned
testing activities. Each person with some responsibitityeftype of testing should con-
sider how these qualities should affect their actions.

— Systematic - Testing is a search for defects and an effesti@ech must be system-
atic about where it looks. The tester must follow a well-dediprocess when they
are selecting test cases so that it is clear what has beed tasd what has not. For
example, coverage criteria are usually stated in a manatdéscribes the “sys-
tem.” All branches level of test coverage means that tesischave been created
for each path out of each decision point in the control flowpbra
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— Objective - The tester should not make assumptions aboutdinke to be tested.
Following specific algorithms for test case selection reesoany of the tester’s
personal feelings about what is likely to be correct or ineot. “Bob always does
good work, | do not need to test his work as thoroughly as 3ghis’a sure path to
failure.

— Thorough - The tests should reach some level of coverageafithk being exam-
ined that is “complete” by some definition. Essentially,Jome classes of defects,
tests should look everywhere those defects could be lodate@éxample, test every
error path if the system must be fault tolerant.

— Skeptical - The tester should not accept any claim of caness until it has been
verified by an acceptable technique. Testing boundary tiondievery time elimi-
nates the assumption that “it is bound to work for zero.”

3.3 Fault models

A fault model is the set of known defects that can result froendevelopment activities
leading to the test point. Faults can be related to seveffaréit aspects of the de-
velopment environment. For example, programs written im@ @++ are well known
for null pointer errors. Object-oriented design techngjirdgroduce the possibility of
certain types of defects such as invoking the incorrectualrtmethod [32, 1]. Faults
also are the result of the development process and evendhaination. For example,
interface errors are more likely to occur between modulattemr by teams that are
non-co-located. The development organization can dewlsgt of fault models that
reflect their unique blend of process, domain and developereironment. The orga-
nization can incorporate some existing models such asaekibe’s Orthogonal Defect
Classification into the fault models developed for the vagitest points [7].

Testers use fault models to design effective and efficiesttdases since the test
cases are specifically designed to search for defects thdikaly to be present. De-
velopers of safety critical systems construct fault treepart of a failure analysis. A
failure analysis of this type usually starts at the pointaifuire and works back to find
the cause. Another type of analysis is conducted as a forsgarcth. These types of
models capture specific faults. We want to capfiandt typesor categories of faults.
The models are further divided so that each model correspmrgpecific test points in
the test process.

A product line organization develops fault models by tragkilefects and classi-
fying these defects to provide a definition of the defect dradftequency with which
it occurs. Table 1 shows some possible faults per test pelatad to a product line
strategy. Others can be identified from the fault trees preddrom safety analyses
conducted on product families [11, 10, 25].

3.4 Summary

Nothing that has been said so far requires that the asset tesdde program source
code. The traditional test points are the units of code predipy an individual devel-
oper or team, the point at which a team’s work is integratetth tiat of other teams,
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Test point Example faults

Requirements incomplete list of variations

Analysis missing constraints on variations

Architecture Design contradictions between variation constraints

Detailed design failure to propagate variations from subsystem interface
Unit testing failure to implement expected variations

Integration testing mismatched binding times between modules

System testing inability to achieve required configuration

Table 1. Faults by test point

and the completely assembled system. In section 4 we praseview/inspection tech-
nique, termed Guided Inspection, that applies the testergpgective to the review of
non-software assets. This technique can be applied atad@fahe test points shown
in Figure 1. This adds a number of test points to what wouldlgbe referred to as
“testing” but it completes the chain of quality. In sectionv® present techniques for
the other test points. In an iterative, incremental develept process the end of each
phase may be encountered many times so the test points magtoésed many times
during a development effort. Test implementations mustrieated in anticipation of
this repetition.

4 Guided inspection

Guided Inspection is a technique that applies the dis@pbiitesting to the review of
non-software assets. The review procesguledby scenarios that are, in effect, test
cases. This technique is based on Active Reviews by Paria#/aiss [33]. An inspec-
tion technique is appropriate for a chapter about testira pnoduct line organization
because the reviews and inspections are integral to tha ohguality and because the
test professionals should play a key role in ensuring thegehechniques are applied
effectively.

4.1 The process

Consider a detailed design document for the computatiomerig the arcade game
product line. The document contains a UML model completd WICL constraints as
well as text tying the model to portions of the use case mdusldefines the product
line.

A Guided Inspection follows the steps shown in Figure 2, @eseshot from the
Eclipse Process Framework Composer. The scenarios acteskefeom the use case
model shown in Figure 3. For this example, we picked

“The Player has begun playing Brickles. The puck is in plag tHre Player is
moving the paddle to reflect the puck. No pucks have beenmasta bricks hit
so far. The puck and paddle have just come together on tkistithe clock.”
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as a very simple scenario that corresponds to a test paitzunsded later.

The GameBoard shown in the class diagram in Figure 4 is reaseid, in each
game. It serves as a container for GamePieces. Accordihg &renario, the game isin
motion so the game instance is in the moving state, one otalbessshown in Figure 8.
The sequence diagram shown in Figure 5 shows the action atottiesends a tick to
the gameboard which sends the tick on to the MovableSpritésedgameboard. After
each tick the gameboard invokes the “check for collisiogbaithm shown in Figure 6.
The collision detection algorithm detects that the puck paddle have collided and
invokes the collision handling algorithm shown in Figure 7.

In the inspection session, the team reads the scenario tréatieg through the dia-
grams to be certain that the situation described in the siteisaccurately represented
in the design model, looking for problems such as missing@atons among classes
and missing messages between objects. The defects foundtatkand in some devel-
opment organizations would be written up as problem reports

Sufficient scenarios are created and traced to give evidiwatehe design model
is complete, correct and consistent. Coverage is measyréiportions of diagrams,
such as specific classes in a class diagram, that are exaasirpedt of a scenario. One
possible set of coverage criteria, listed in order of insiegcoverage, includes:

a scenario for each end-to-end use case, including “exteisdscases
— ascenario that touches each “includes” use case

a scenario that touches each variation point

a scenario that uses each variant of each variation point

(=] (A= = =]
= o] = =

scenario developmert test case creation concluct review session report resutts

®
Breakdown Element Steps Index Predecessors Model Info Type PlannedRep ble Multiple O Ongoing Event-Driven Oy
=l scenario development 1 Phase v
= create scenarios 2 Activity v
Create scenarios b 3 Task Descriptor v
= test case creation 4 1FF Phase v v v v
variation binding 5 Activity v v v
instantiate scenario 6 Activity v v v
H conduct review session 7 4FF Phase v v v
release inspection package ] Activity v
[ hold inspecticn meeting 9 Activity v
= report results 1 T Phase v
inspection report Work Product Descriptor

Fig. 2. Guided inspection description
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Fig. 3. Use case diagram

Guided Inspection is not the only scenario based evalu#tiohthat can be em-
ployed. The Architecture Tradeoff Analysis Method (ATAM@wkloped by the SEI
also uses scenarios to evaluate the architecture of a prbided2]. Their technique
looks specifically at the quality attributes, that is, namdtional requirements, the ar-
chitecture is attempting to achieve.

The benefit of a Guided Inspection session does not stop héthntany defects
found during the inspections. The scenarios created dtine@rchitecture evaluation
and detailed design will provide an evolution path for thersrios to be used to create
executable integration and system test cases.

4.2 Non-functional requirements

Software product line organizations are concerned about thhan just the functional

requirements for products. These organizations want toeaddhe non-functional re-
guirements as early as possible. Non-functional requirgsneometimes called quality
attributes, include characteristics such as performanodifiability and dependability.

So and others describe a technique for using scenarios to testjng for performance
early in the life of the product line [34].

Both Guided Inspection and the ATAM provide a means for itigesing quality
attributes. During the “create scenarios” activity, se@® elicited from stakeholders,
describe desirable product behavior in terms of userdeisibtions. The ArchE tool,
developed at the SEI, aids in reasoning about these atishut provides assistance to
the architect in trading off among multiple, conflictingrittites.

3 ArchE is available for download at http://www.sei.cmu.ktahitecture/arche.html
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+igHeadingDown:hool
+starthovingvoid
+stophovingvoid

Fig. 4. Central class diagram

5 Testing techniques for a product line

Ky LWL 5

The test practicein a product line organization encompasses all of the kndgde
about testing necessary to operate the test activitiesimtganization. This includes
the knowledge about the processes, technologies and muekded to define thest
method We first discuss testing as a practice since this providesra stomprehensive
approach than just discussing all of the individual proess&eded at the individual test
points [20]. Then we use the three phase view of testing dpeel by Hetzel [17]—
planning, construction and execution—to structure thaitiedf the rest of the discus-

sion.

In his keynote to the Software Product Line Testing Workst®pBLiT), Gritter
listed four challenges to product line testing [16]:

— Meeting the product developer’s quality expectations foeassets.
— Establishing testing as a discipline that is well-regardgdianagers and develop-

ers.

— Controlling the growth of variability.

— Making design decisions for testability.
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Fig. 5. Basic running algorithm

We incorporate a number of techniques that address thelerdes.

5.1 Test method overview

The test practice in an organization encompasses the téisodse coordinated sets of
processes, tools and models, that are used at all test pBottexample, “test first
development” is an integrated development and testing odethat follows an agile
development process model and is supported by tools sudbréts J

The test method for a product line organization defines a murobtest processes
that operate independently of each other. This is true fgrpanject but in a product
line organization these processes are distributed amengptie asset and product teams
and must be coordinated. Often the teams are non-co-loaagtdommunicate via a
variety of mechanisms.

The test method for a project must be compatible with the ldpneent method.
The test method for an agile development process is vergrdift from the test method
for a certifiable software (FAA, FDA, and others) processe Ttythm of activity must
be synchronized between the test and development methagls must be clearly as-
signed to one method or the other. Some testing tasks sudtitdaesting will often be
assigned to development staff. These tasks are still deffirtbe testing method so that
expectations for defect search, including levels of coyerand fault models, can be
coordinated.

There is a process defined for the conduct of testing at eatttedést points. This
process defines procedures for constructing test casdsefartifacts that are under test
at that test point. The test method defines a comprehensiltariadel and assigns re-
sponsibility for specific defect types to each test poine Pproduct line test plan should



Testing a Software Product Line 15

GameBoard abavahleSprite asStationarySprite

kﬂck\\
C farall MovableSprites )_ {recompute location 3

ove

[~ forall MavahleSprites  }— {_ return Boundinghox )
one

fetBolindingBax
farall _
StationanSprites [ return BoundingBox }

getBoundingBox
check for averlap

na

Callision
collision

[:_ see collision handling )

Fig. 6. Collision detection algorithm

assign responsibility for operating each of these testgeses. An example model of
the testing practice for a software product line organizais provided elsewhere [28].

5.2 Test planning

Adopting the software product line approach is a strategitision. The product line
organization develops strategies for producing produaidesting them. The strategies
are coordinated to ensure an efficient, effective operatme of the challenges to
testing in a product line organization is achieving the sajaims in productivity as
product production so that testing does not prevent thenizgtion from realizing the
desired improvements in throughput. Table 2 shows fredyeédesired production and
product qualities and corresponding testing actions.

The faster time to market is achieved by eliminating the huteater in the loop as
much as possible. Short iterations from test to debug/fikkeip cycle time shorter.
Production is cheaper and faster when the human is out obtie The product line
strategy also supports having a cheaper, more domaintedset of product builders.
These product builders could be less technical and paidfléiss core assets are de-
signed to support a more automated style of product buildimbtesting. The quality of
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To achieve use

faster automation and iteration

cheaper automation and differentiated work force
better more thorough coverage

mass customizationpombinatorial testing

Table 2. Product qualities and testing actions

the products can be made better because more thorough gevena be achieved over
time. Finally, the product line core asset base supports gustomization but requires
combinatorial test techniques to cover the range of vdifglwvithout having the test
space explode.

The production planning activity begins with the businesalg of the product line
and produces a production plan that describes the produstiategy and the produc-
tion method [6]. The testing activities in the product limganization are coordinated
with the product development activities by addressing poblluction and testing activ-
ities during production planning. The plan talks about hone@ssets will be created to
support strategic reuse and how products will be assemblattet the business goals
of the organization.

The production method is a realization of the productioatstyy and defines how
products are created from the core assets. The core assédpl®ent method is struc-
tured to produce core assets that facilitate product mgldirhe production method
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specifies the variation mechanisms to be used to implemeniatation points. These

mechanisms will determine some of the variation mechanised in the test software.
Table 3 shows the division of testing responsibilities lmswthe core asset devel-

opers and the product builders for code-based assets. kmatfier test points, shown

in Figure 1 the core asset developers have the major redyidgsivhile the product
builders do incremental reviews for the portions that aréeald The product line test

Core asset builders  |Product developers
Unit testing Major responsibility ~ |Minor responsibility
Test to reusability level|Test for specific functionality
Integration testingShared responsibility |Shared responsibility
n-way interactions testeekisting interactions tested
System testing |[Minor responsibility  |Major responsibility

test example products |test the one product

Table 3.Organization by test point

plan maps the information in Table 3 into a sequence of gsttivities. The plan
illustrates the concurrency possible in the test actiwitidhere the core asset team is
testing new core assets while products built from previ@sess are being tested by the
product teams.

The IEEE standard outline for a test plan provides the enimiéhe leftmost column
in Table 4. We have added comments for some of the items tbgtaaticularly impor-
tant in a product line environment. These comments applyggtoduct line wide test
plan that sets the context for the individual plans for eawle @sset and product.
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Introduction This is the overall plan for product line testing.
Test Items All products possible from the core assets.

Tested Features

Product features are introduced incrementally. A

core asset base.

S a

product uses a feature it is tested and included in the

Features Not Tested (per cyc|

e)

Testing Strategy and Approa

rBeparate strategies are needed for core assets an
ucts.

i prod-

Syntax

Description of Functionality

Arguments for tests

Expected Output

Specific Exclusions

Dependencies The product line test report should detail dependencies
outside the organization. Are special arrangement{nec-
essary to ensure availability over the life of the product
line?

Test Case Success/Failure (Eivery type of test should have explicit instructions ds to

teria what must be checked to determine pass/fail.

Pass/Fail Criteria for the Com-

plete Test Cycle

Entrance Criteria/Exit Criterig

Test Suspension Criteria aihda product line organization a fault found in a core| as-

Resumption Requirements |set should suspend product testing and send the problem
to the core asset team.

Test Deliverables/Status Copfest reports are core assets that may be used as part of

munications Vehicles safety cases or other certification procedures

Testing Tasks Test Planning
Test Construction
Test Execution and Evaluation

Hardware and Software Re-

quirements

Problem Determination anlanportant that this reflect the structure defined in|the

Correction Responsibilities |[CONOPS

Staffing and Training Need-

s/Assignments

Test Schedules

Risks and Contingencies The resources required for testing may increase if the
testability of the asset specifications is low.

The test coverage may be lower than is acceptable [if the
test case selection strategy is not adequate.
The test results may not be useful if the correct answers

are not clearly specified.

Approvals

Table 4.1EEE test plan outline
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Defining the test method Once the production strategy has been defined, the product
building and test methods can be developed. The method esrgivorks with testers
and developers to specify the processes, models and tedie®lthat will be used
during the various test activities. For example, if a stzdsed language is chosen as the
programming language in the production method, then gticuses on states and the
notion of a “switch cover* becomes the unit of test coverage.

In a software product line organization all of the other 2&qpices impact testing.
Some of the testing-related implications of the three aaieg of practices are shown
in Table 5. The appendix contains a more detailed analysfseafelationship of testing
to each of the other practice areas.

Core asset development |Product development
Organizational [Shift traditional emphasis from backel@bnsider the impact of product $e-
management |to frontend testing. quence on development of assets| in-

cluding tests

Technical marnCoordinate development of core asgetsvide configuration support for tests
agement with product development. What testiag well as development artifacts

tools are delivered with the core assets?
Software  engiDesign for testability Use testing to guide integration
neering

Table 5. Implications of practice area categories for personneisrol

The test method describes the test tools that will be usedcader these more thor-
oughly in section 5.3 but we give one example here. If devalemt will be done in
Java, the testers will use JUnit and its infrastructure.t€eemethod in a data intensive
application development effort might specify that unitées will create datapoofsto
automate the handling of large amounts of data. The methfidedetechniques and
provides examples such as the one below. This is the setUmihet a JUnit test class
that uses datapools to apply test data to configuration cases

voi d setUp() throws Exception {
/1 Initialize the datapool factory
| Dat apool Factory dpFactory;
dpFact ory = new Conmon_Dat apool Fact oryl npl () ;
/1 Load the shoppi ngCart Dat apool dat apool
| Dat apool dat apool = dpFactory. | oad(

4 A switch cover is a set of tests that trace all the transitionthe design state machine. A
one-way switch cover makes one circuit of the transitionts@way switch cover makes two
passes through the transitions, and so on.

5 A datapool is a specially formatted file of data for test cagle test case contains commands
that retrieve data as a test case is ready to be run. Thigtdéesl sharing test data across
different test cases and different software developmédattef
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new java.io.File("c:\\courses\\...\\
vel oci t yPool . dat apool "), fal se);

/]l Create an iterator to traverse the datapool
dplterator = dpFactory. open(datapool, "org. eclipse. hyades.

dat apool . iterator. Dat apool | terat or Sequenti al Private");
/1 Initialize the datapool to traverse the first
/1 equival ence cl ass.
dplterator.dplnitialize(datapool,0);

}

This is a reusable chunk that could be packaged and used hjjmitytest class.

Design for testability For a given component, if it is implemented in a single-prddu
custom development effort, we assume that a compo€@iestexecuted: times for a
specified time period. In development where multiple copfeke product are deployed
the same component will now be executed

nc*x

times in a specified time period¢ is the number of copies. In product line develop-
ment, the same component will now be executed

np

Z(nci * 2

=1
times in the same time period, whetg is the number of products in which the com-
ponent is usedyc; is the number of copies of a given product ands the number of
executions for a given product.

In the above scenario, assume that the probability of a ti&fethe component
causing a failure i°(d). Obviously the number of failures observed in the produnet li
scenario will likely be greater than the other two scenasisdong asP(d) remains
constant. The expected number of failures can be stated as:

np
expectedNumFailures = P(d) x Z(nci * T;)
=1
In product line development, a componentis used in mulppdelucts. These prod-
ucts may have different levels of certain quality attrilsuéed different types of users.
We expect that the range of input data presented to a compuwilemary from one
product context to another. Therefoi(d) does not remain constant, it varies from
product to product. If we assume that when a failure occuam@product, its failure is
known to the organization, the number of failures can nowtated as:
np
expected NumFailures = Z P;(d) x (n¢; * z;))
=1
We discuss later that this aggregate decrease in tesgabdiy require additional testing.
Part of developing the production method is specifying tbe af techniques to en-
sure that assets are testable. There are two design gaitiitieguide these definitions:
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— Observability - provide interfaces that allow the testwaite to observe the internal
state of the artifact under test. Some languages providesasnef limiting access
to a particular interface so that encapsulation and inftiondiding are not sacri-
ficed. For example, declaring the observation interfacate package visibility in
Java and then defining the product and test assets in the sarka&ge achieves the
objective. A similar arrangement is possible with the G#itnd mechanism.

— Controllability - provide interfaces that allow the artifaunder test to be placed
in a particular state. Use the same techniques as for olisltvéo preserve the
integrity of the artifact.

Testability is important in a software product line orgatian because the presence
of variability mechanisms makes it more difficult to seatwmtotigh an asset for defects.
A level of indirection is introduced by many of the mecharssm

The product line infrastructure may provide tools that jevatest viewof the
assets. This test view allows test objects to observe thie sfahe object under test
and to set the state to any desired value. A module can prayigkcation behavior
through one interface that hides its implementation whitevfaling access to its inter-
nals through another, transparent interface. The traasptast interface may be hidden
from application modules but visible to test modules. Ongraach is to use package
level visibility and include only the module and its test méa Or, the test interface
may be protected by a tool that checks, prior to compilationany reference to the
test interface other than from a test module.

Test coverageAs discussed in Chapter 1, test coverage is a measure of looautsh
the search has been with the test cases executed so far.stipéate defines test cov-
erage goals for each test point. Setting test coverageslével strategic decision that
affects the reputation of the organization in the long terd the quality of an indi-
vidual product in the short term. It is also strategic beeahs coverage goals directly
influence the costs of testing and the resources neededitvathose goals.

“Better” is often one of the goals for products in a produstlivhere better refers
to some notion of improved quality. One approach to achgettiis quality is to allow
the many users of the products find defects and report thetinegocan be repaired.
However, in many markets letting defects reach the cust@naracceptable.

An alternative is to require more thorough test coveragh®tbre assets compared
to coverage for typical traditional system modules. Théi&adiscussion on testability
leads to the conclusion that traditional rules of thumb usedesters and developers
about the levels of testing to which a component should bgstdd will not be ad-
equate for a software product line environment. The in@éasimber of executions
raises the likelihood that defects will be exposed in thalfiglless the test coverage
levels for in-house testing are raised correspondinglis ot to say that individual
users will see a decline in reliability. Rather, the incexhfailures will be experienced
as an aggregate over the product line. Help desks and bugirepfacilities will feel
the effects. If the software is part of a warranted produw, ¢ost of repairs will be
higher than anticipated. The weight of this increase inl faiures may result in pres-
sures, if not orders, to recall and fix products [29].
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The extra level of complexity in the product line—the ingdtation of individual
products—should be systematically explored just as vadmesystematically chosen
for parameter values. We refer to theseasfiguration caselsecause they are test cases
at one level but are different from the dynamic data usedngysroduct execution. A
product line coverage hierarchy might look something Ihis:t

— select configurations so that each variant at each variptart is included in some
test configuration, see section 5.3; obey any constraiatdittk variants;

— select variants that appear together through some typetefpaven though there
is no constraint linking them;

— select variant values pair-wise so that all possible pdivgnant values are tested
together;

— select higher order combinations.

Other coverage definitions can be given for specific typegtdhats. Kauppinen
and others define coverage levels for frameworks. The cgedevels are defined in
terms of the hook and template implementations in a framke&#]. The coverage is
discussed for feature-level tests in terms of an aspeeti@il development approach.

5.3 Test construction
In a product line organization, tests are executed manystime

— as the artifact it tests is iteratively refined and
— as the artifact it tests is reused across products.

The test assets must be constructed to meet these requiseifieis includes:

— technologies to automatically execute test cases and
— technologies to automatically build configuration cases.

The technologies and models used to construct test assetisl$ie closely related
to the technologies and models used to construct the pradsets. This coordination
occurs during production planning. As test software is toiesed, the design of the
products is considered to determine the design of the tefstcs.

There are several types of variation mechanisms. Here isighelevel classifica-
tion of mechanism types [12]:

— Parameterization - Mechanisms here range from simply sgndifferent primi-
tive data values as parameters to sending objects as parartesetting values in
configuration files.

— Refinement - Mechanisms include inheritance in objectrbei@ languages and
specializers that use partial evaluation.

— Composition - Container architectures in which compon#iMs” in a container
that provides services.

— Arbitrary transformation - Transformations based on ulyileg meta-models that
take a generic artifact and produce an asset.
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Binding time The variation mechanisms differ in many ways, one of whidhéstime
at which definitions are bound. There is a dynamic tensiowden earlier binding that
is easier to instrument and verify and later binding whicbmtes greater flexibility in
product structure.

The choice of binding time affects how we choose to test. Ma@dms that are
bound during design or compile time can often be staticdigcked. Mechanisms that
bind later must be checked at runtime and perhaps even ovépi@uuns since their
characteristics may change.

In an object-oriented environment, some mechanisms aradbtmiclasses while
others are bound to objects. This generally fits the statiachic split but not always. It
is possible to verify the presence of statically defined ciisja languages such as Java.
This is a particularly important issue since these statjeab are often responsible for
instantiating the remainder of the system to test.

Test architecture A software product line organization is usually sufficigr#irge and
long lived that the tools and processes need to be coorditiateugh an architecture.
The test architecture controls the overall design of thiesegironment.

Several research and experience reports point to the faicttte design of the test
environment should parallel the design of the product. Cimarngines, a Software
Product Line Hall of Fame member, has experience that neiafothe notion of the
product architecture and the test architecture having dasishape. “Tests must be
designed for portability by leveraging the points of vadatin the software as well as
in the System Architecture” [39]. In fact at a top level thagw the test environment
architecture as a natural part of the product line architect

A product line test architecture must address some speaifiger of variability and
the accompanying variety of binding times. If the range sphoduct line is very large,
it may be reasonable to have multiple architectures anduthuslly happens between
test points. The architecture for unit testing usually isgechave access to the internals
of components and will tie into the security model of the peagming language. The
architecture for a GUI tester will likewise tie into the wimding model. For the very
latest binding mechanisms it is necessary to tie into thewgien environment such as
the JVM for a Java program.

Aspect-oriented techniquesAspect-oriented programming is one technology used to
implement variation in core assets. An aspect is a reprasenif a cross cutting con-
cern that is not the primary decomposition. Research hasrshiwat for code that is
defined in terms of aspects, the test software should alscefieed in terms of as-
pects [24]. In that way, the test software is bound at the dam®as the product soft-
ware.

We do not give a tutorial on aspect-oriented programming et we talk about
some characteristics of aspects that make them a goodiwanméchanism.

An aspect is a design concern that cuts across the primagngeasition of a de-
sign. Canonical examples include how output or securityharalled across a product.
Aspect-oriented techniques do not require any hooks td exithe non-aspect code
before the aspects are added. The aspect definition costairentic information about
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where it should be inserted into the code. An aspect weaveiges that insertion either
statically or dynamically depending upon the design.

Shown below is thegaint method for a DigitalScoreBoard that is being used in
products that use the Java Microedition. The microdeditidar small devices such as
cellphones. A differenpaint method is used when the base code for the scoreboard is
used in the Java Standard Edition. The rest of the scorelsodelis common.

package coreAssets;
i nport javax. m croedition.|cdui.G aphics;
publ i c aspect Digital ScoreBoardA {
private static final int color = 255<<16 | 255<<8 | O;
voi d around(ScoreBoard gsb, G aphics Q)
call (voi d ScoreBoard. pai nt (G aphics)) &&
target (gsb) && args(Q)
{g.setCol or(col or);
String scoreStr = gsbh.score();
int offset = (g.getFont().stringWdth(scoreStr)) / 2;
g.drawstring(scoreStr, gsb.getlLocation().getReal X() -
of fset, gsb.getLocation().getReal Y(),
Graphics. TOP | Graphics. LEFT);

}

Aspect-orientation is a useful variation mechanism, paldirly for unanticipated
variation since no hooks are needed. Implementations efcaspiented programming
such as AspectJ provide a variety of design constructsdimouinheritance and com-
position.

An aspect adds a fragment of behavior to the existing beha¥ian object. This
can be exploited for testing. In figure 9 classes are defiredrtiplement two types of
scoreboards for the product line. Each class defines alledbéhavior needed to keep
score but does not define the method needed to present it alisfilay. Two types of
display are supported via aspects. One is for use with the Nliero Edition and the
other is for use with Java Standard Edition.

A test class is defined for each scoreboard class. Then a émtgoh behavior is
added to the test class that examines the graphics portitreaflass behavior. There
may be multiple test cases defined in the test aspect.

Assembly Core assets may be assembled from smaller pieces to inetepbe se-
lected variants. These variants are bound at the time obidgembly. Assets, such as
unit tests, may be composed to provide an increase in reys®topities [13].

One technology used for this purpose is the XML-based Va@amfiguration Lan-
guage (XVCL). The language provides a set of XML tags thatpaoeessed by an
engine. Non-control language XML tags and all other conitestmply streamed out.
XVCL can be used to produce files that obey any format. Table@s a small section
of XVCL code. Thevar statements set variables to hold the names of two output files
Theadaptstatements feed the processor with XVCL code fragments.

The one XVCL program will output both the asset, to out.tri] ghe test asset, to
testout.txt. This facilitates traceability by closely asisiting the product and test code.
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Fig. 9. Aspect design including tests

The assembly approach requires that a complete implenmntz developed and
then decomposed into the appropriate chunks, breaking iaparegions of common-
ality. Then a set of pieces for each variant. The variantgs@an be produced as needed
or produced up front for later use.

One advantage of XVCL is that it can be used with technolotjfiashave no con-
cept of variation. For example, a user’s manual can be ggibiamts which correspond
to variation points in the product. Each piece is capturedrinXVCL frame. Then
control logic is added to select the correct sub-framesaserariant choices. The hi-
erarchy of frames is resolved based on the variant choi@ah fftame that is accepted
is written to the output.

This approach can handle RTF files, XML files, text files, or ather format. From
the example in Table 6 you can see that multiple outputs cuitifieom the specification
of one product.

More is needed. XVCL will traverse a frame hierarchy but g&uiting output needs
to be compiled, linked or jarred and perhaps incorporatidan installer package. The
Buckminster project of the Eclipse Foundation providesadization service that will
use tools such as XVCL to extract files from a repository armah thpply a variety of
tools.
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<?xml version="1.0 encoding=UTF-8%?
<!DOCTYPE x-frame SYSTEM "default>
<x-frame name="main.xvct>
<!—add variation points that are selected—
<set-multi var="variationPoints" value="vp1.1,vp1.2"/
<l—set actual file names for variables—
<set var="codefile" value="c:/out.txt¥
<set var="testfile" value="c:/testout.txt*/
<adapt x-frame="baseSystem.xvsl/adapt>
<adapt x-frame=registerUseCase.xve¥ /adapt>
<!—add other use cases—
<Ix-frame>
Table 6. XVCL segment

This tool chain allows us to blend assets to reduce tradggapioblems between
product and test assets, and other assets such as servigealsnamd other supporting
information.

Generation Automatic generation is the most widely used techniquee€iijode is

generated from source code written in a “higher-level” izexge. Model driven devel-
opment (MDD) moves this up a level of abstraction by usinggfemodels and tem-
plates as the “source code.” The model provides the situaiecific information. The
templates embody patterns. The generator replaces thabildyiin a template with

information from the model. The output is an instantiatidrih® pattern in an output
format chosen when the template was designed.

The advantage of this approach is in the generality of theplatms. A template
that can be used to generate the shell for any Java class is moie useful than a
template that can only be used to generate an algorithm risgsitp solve a problem
in one product. Templates are useful for situations whezdithe required to abstract
out the variabilities is more than compensated for by the tihat would be required
to complete each individual occurence of the code pattesnekample, intricate al-
gorithms, like calculating the Doppler effect between a&lige and its ground station
can be captured once in template. A second advantage is thaiesv of the template
provides a partial review of the code that results from ins&ing the template.

The primary disadvantage of generation is the effort rexgliio achieve the appro-
priate level of abstraction. Failure to attain that levelulés in a generator that produces
very incomplete code that needs much manual work. The teémipistantiation process
produces output that may be source code in a programmingripting, language.
This must still be converted into an executable form by cdimgpihe output. A second
disadvantage is the difficulty of coordinating the applimaiof multiple templates.

Test patterns, see Section 5.3, are used as the basis fdatempsed to generate
test software. One pattern is the “Test the product from gregective of the user.” This
can be instantiated in a script for a GUI-based test tool agehbbot [35]. This activity
follows a process like the following:
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— The initial script is generated by operating the productagnd) in record mode.

— The resulting script is captured, converted into a tempigteeplacing variation
points with variables, and adding control tags.

— The template can be instantiated multiple times with speedlues chosen from a
test case model.

Generation requires more planning and initial effort thampdy writing a JUnit
test case. This effort is rewarded across the product lingréstly reduced effort for
subsequent products.

Combinatorial testing The variability in a product line leads to an explosion of in-
teractions that would quickly require billions and trillis of test cases to test exhaus-
tively. Combinatorial test design techniques can just dskijureduce the number of
tests needed to achieve effective levels of test coveragatianageable number, say
about 30 to 60.

The test designs from a combinatorial design techniqueasedon defining com-
binations of parameter values. At the simplest level altpaf parameter values are
selected. Most combinatorial techniques can be adjustgdnerate 3-way, 4-way up
to n-way possibilities. Most reports have found that pasetesting will result in 90%-+
test coverage.

The usual use of combinatorial tests is in the selection dfiphel parameters for
unit testing of methods. In a product line, there is a secdadegpwhere combinatorial
testing is useful—configuration cases in which productsiaseantiated for testing.
Combinatorial techniques are used to select the configurédr a product. Then each
instantiated product is executed using an instantiatedfsgata values chosen using
combinatorial design.

This approach is referred to as Design of Experiments in dderature. The or-
thogonal array approach of Taguchi has been automated émadewols. Minitab, and
other statistical packages, can be used to generate thercatonial designs [27]. We
illustrate this with a short example from the AGM case study.

— State the test scenarioEach AGM game is to be able to run on multiple platforms
and the optional scoreboard is one of the display items that expose problems
between platforms.

— Choose the number of factors you wanthis will be a 3 factor experiment.

— ldentify and list the factors that are involvedhe Game, the operating system and
the type of scoreboard.

— ldentify and list the levels for each factoFer Game the levels are Brickles, Pong
and Bowling. For operating system: windows, apple and lifkax the scoreboard:
digital scoreboard, analog scoreboard and no scoreboard.

— Choose the appropriate design in minitab. - See Figure 10.

— Map the design onto the problem data. - See Figure 11.

— Each row in the orthogonal array is a test vector that defilmesdonfiguration of a
product. Each configuration is then subjected to a set otitest

This table can be outputed as a data file that JUnit useslatapool The Junit test
cases:
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Fig. 10.Minitab setup of Taguchi experiment

read the configuration cases,

create an object under test (OUT) for each configuration,
execute all the test cases on each OUT and

publish the results.

Test patterns Test patterns represent a useful mid-level test coverdtgeiar Typically

a test pattern represents a portion of the design that crassarchitectural boundaries
and is large enough to have interesting behavior and therafteresting defects. Run-
ning test cases that are based on the applicable test gatteravers interactions among
a set of units.

There are numerous sources of test patterns. Every designrpprovides the op-
portunity to define a corresponding test pattern. A numbeesif patterns have been
discovered [30, 3]. The Mock object test pattern has beefeimgnted in several frame-
works that generate the mock objects automatically [26].

The pattern approach is also useful for automating testrgéioe. Generation usu-
ally calls for a template that is instantiated with variambices. The template is nothing
more than a pattern captured in a templating language suitte asva Emitting Tem-
plates (JET) [36].
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Fig. 11.Orthogonal array for top level AGM example

For example, th@est Observepattern is associated with ti@bserverdesign pat-
tern. In many instantiations, the Observer is supposeditiatn some action upon re-
ceipt of an event of a specific type. The Observer is attachecdhat it is observing.
The TestObserver pattern is shown in Figure 12.

The Test Observer registers for the same event as the Obgdes/eesting. When
it receives the expected event it queries the Observer trmete that it has reacted
as expected. It may also interrogate the object being obdemhe Test Observer tests
the interaction of the Observer, its observed object andaigcts that the Observer is
supposed to notify.

A product line organization will identify some patterns tilitais using to imple-
ment specific behavior. Developing test cases from thegerpatwill ensure that the
patterns are being implemented correctly. The organizatiay decide to automate the
generation of code from some of the more widely used patterns

There are many techniques for constructing test artiféféeshave only presented a
few because most of these techniques are not specific to girtioes. With the wide
range of test points in a product line effort most existirg} techniques are applicable
at some points.

5.4 Test execution and evaluation

Tests should be executed early and offEime results of executing the tests should be
accumulated so that a history of data used and pass/faslcatebe used to support the
maintenance of the individual core assets. This data canb&lsised as a measure of
the health of the core asset base.

Depending on the development method used, the unit testbeayecuted begin-
ning on the first day of code development or they may not evemdsgted until the unit
is largely implemented. Writing the tests can be a way ofrtggine’s understanding of
the requirements on the unit and can raise questions eatiyil reduce the need to
rewrite code later.
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Fig. 12. TestObserver pattern

The development environment should support the rapid execaf tests and con-
cise reporting of results.

Advances in testing graphical user interfaces allow ineedautomation. Figure 13
shows a test run with the Brickles product. Much of the impdatation of this test suite
can be automatically generated or the record and playbackanésm can be used.

Below is a fragment of the Abbot test script.

public cl ass Abbot Test CaseBri ckl esGane
ext ends Conponent Test Fi xture {

public void testTest Met hodl_Pl ayGanme() ({
/1 brickles. TODQ);
assert True(true);
/1 assertTrue(brickles. TODO == true);
}
public void testTest Method2_HitBrick() {
brickles = new BricklesView);
brickl es. preinit(brickles);
Systemout.println("Start Test 1");
int counter = O;
int brickGone = -1;
whil e (brickles. getPuck()._kaput == false) {
Systemout.print(" ");
bri ckl es. moveMbuse( bri ckl es. get Puck() . getPosition());
BrickPile pile = brickles.getBrickPile();
counter = O;
for (int i =0; i < pile.getSize(); i++) {
Brick b = pile.getBrickAt(i);
if (b.isHt()) {
brickGone = i;
}
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count er ++;
}
if (brickGone !'= -1)
br eak;
}

assert True("Brick is gone", brickles.getBrickPilg(
). getBrickAt(brickGone).isH t() == true);

Systemout. println(counter);

assert True(counter - 1 == 11);

}

The Abbot tester can test GUI-based programs using a rgdaydéack approach.
The tester plays the game in record mode and successfullpletes a sequence of
moves. The session can then be played back after changeadedarthe code to ensure
it still behaves correctly. Certain changes to the grapiiasld require that the script
be altered before being used again. This code can be gemseralid then automatically
generated by taking a recorded session and rewriting it B dehplate. An example
of the JET template script follows the Abbot script.
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<c:iterate sel ect="/agnl usecase" var="currUseCase" >
public void testTest Met hod<c: get
sel ect ="$curr UseCase/ @ane"/ >() {
<c:iterate select="%currUseCase/.../actionPerforned"
var ="currAction">
<c: choose sel ect="$currActi on/ @ction">
<c:when test="'PlayGane’ ">//brickles. TODQ);
</ c: when>
<c:when test=""HitBrick ">
brickl es = new Brickl esView);
brickl es. preinit(brickles);
Systemout.println("Start Test 1");
int counter = 0; int brickGone = -1;
whil e (brickles. getPuck()._kaput == false) {
Systemout.print(" ");
bri ckl es. moveMouse( bri ckl es. get Puck(
).getPosition());
BrickPile pile = brickles.getBrickPile();

count er =0;

for (int i =0; i < pile.getSize(); i++) {
Brick b = pile.getBrickAt(i);
if (b.isHt()) {brickGone =i;}
count er ++;

}

if (brickGone !'= -1) break;

}
</ c: when>

</ c:choose>
</c:iterate>
<c:iterate sel ect="%currUseCase/response/reactions"
var="reaction">
<c: choose sel ect="%reacti on/ @eacti nglbj ect">
<c:when test="'PuckMyving' ">
assert True(true);
/1 assert True(brickl es. TODO ==
/l<c:get select="%$reacti on/ @al ueExpected"/>);
</ c: when>
<c:when test="'BrickCount’">
assertTrue("Brick is gone",
brickl es. getBrickPile().getBrickAt(brickGone
).isH t() == true);
Systemout. println(counter);
assert True(counter - 1 ==
<c:get select="$%$reaction/ @al ueExpected"/>);
</ c: when>
</ c:choose>
</c:iterate>

}

</c:iterate>
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6 The business of testing

A software product line organization is founded on a soursiriass case and any ma-
jor activity is usually justified in the same manner. The &tuwed, Intuitive Model of
Product Line Economics (SIMPLE) is one technique for qugimi the justification [4,
5]. The model defines four cost functions, two of which aredigests and two are per
product costs. The model also defines a benefits functionb@kie formula is:

m NumProducts
Z Beneﬁts - (Cng + Ocab + Z (Cuniquez + Creusel))
j=1 =1

Each of these functions is applied to all of the product ligsess. In the discussion
that follows we focus on the testing assets.

The SIMPLE approach supports thought experiments abaraltive techniques.
In the following we give the meaning of each function withpest to testing assets.

Corg - The cost of resolving organizational issues related tingsAll personnel
who assume a testing role must be trained in that role. Ozgtiahal management will
participate in developing the production strategy and tigamization’s test strategy.

C.qb - The cost of the core assets for testing. The test infrastreand other testing
tools must be acquired and perhaps adapted. This testtimithge supports all code-
based test points. The core asset team will extend the bafsasiructure to handle
specific test issues. There is on-going expense as requitem@elve and defects are
reported. Test case software is written as new classes firedén response to new
features and bug fixes and as new combinations of produdsaa®eaggregated into
new subsystems.

Cunique; - The cost of the unique test software that must be built fopeciic
product or other single use test situation. Some portiovefyeproduct is unique from
the other products. Test cases, and perhaps additionalrtests, must be created and
must be executed.

Creuse, - The cost of getting ready to reuse the testing core assetpit@ efforts
to build good assets, there will be some learning curve ledfar testers can effectively
use the core assets. The attached processes are intendddde this learning curve.

Benefits - The benefits realized as a result of incurring the costshéncase of
testing, these benefits are not easy to quantify. Custompesiencing higher quality,
retaining reputation, elimination of litigation, and othisks reduced can be estimated.
Finally, m is the number of benefit expressions.

Obviously reducing the per product costs is the best waydoae overall costs.
Automation of test creation and execution will reduge, .. A thorough commonality
and variability analysis will reduce the variability to tim@nimum and will identify
many of the variation points. This will redu@@,,,;qu.-

Ganesan and others used a variation on the basic SIMPLE fatmaoompare test-
ing strategies [14]. They compared a strategy in which eaocHyzt was tested indi-
vidually from scratch to a strategy in which an infrastruetwas tested once and the
product testing was limited to the product specific behavibeir study showed a 13%
savings in test costs. They did not consider a number of kneanction techniques
discussed in this paper.
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They did use Monte Carlo simulations, which have been usedniumber of eco-
nomic studies related to product lines to compensate fantisertainty of the estimates
of model parameters. The longevity of a product line wouldjnify inaccuracies. They
ran thousands of trials varying the input parameters. THé 48vings forecasted is an
estimate based on those simulation runs.

Another SIMPLE-based study that has implications for tesghowed that over
time the core asset base needs to be refreshed which reauiriedusion of fund-
ing. Ganesan et al considered the notion of a product lineng¢ion [15]. When a
new generation is created, the same test obligation wiiteas during the initial cre-
ation. Through the use of incremental techniques, theteffor be reduced but must be
planned as part of the overall product line planning.

7 Case study

The Arcade Game Maker product line from AGM is a set of 3 ng&alideo games:
Brickles, Pong and Bowling. AGM wants to use an iterativey@mental approach in
which the three products are released to three differenketgover a relatively short
period of time.

Besides the variation in platform and the obvious variatiotypes of game there is
also a variation in platform. The firstincrement was a .NEplementation, the second
and third were Java-based. The second was for cellphone®asl and was based on
the J2ME. The third was a more generic version and was bastt a2 SE.

During production planning AGM decided they wanted to sebal @f finding 90%
of the defects no later than unit test, 9% at integration tesd the remaining 1% at
system test time. As their approach matures, they wouldaxpdind an increasing
portion of requirements defects during the review proceiss o any testing.

7.1 Guided inspection

AGM has used a review process for many years but a detailely stvealed that too
many design defects were being coded because they escagetiaein design re-
views. AGM decided that along with the new product line sggtthey would im-

plement the more disciplined review process. Their infdrragiew process was not
finding things that were not there. That is, the review preaid not define sufficient
context to allow for identifying missing pieces.

The inspection team was trained to first develop a set of sienthat capture the
essential features of the artifact to be reviewed. In masgsahe scenarios could be
derived from the use cases being developed as part of théreempnts effort. The
scenarios are prioritized based on risk and as many as jaséapplied.

7.2 Core asset development

During core asset development, guided inspection was udedsively to evaluate the
requirements, architecture and detailed design modeéstddm found that the guided
inspection process was very effective and eliminated alargnber of trivial defects
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as well as several classes of major ones. They had greatideoce that the models
used to guide the development of code were accurate and wesuét in good code.

Unit tests In order to achieve their goal of 90% of defects found, thé e speci-
fied a coverage level termed “every branch” coverage foctiral tests and an “every
variant” level of coverage for parameters.

Integration tests AGM used a number of design patterns in defining subsystehes. T
integration test team used test patterns that correspdhd tiesign patterns used in the
design. These tests exercised variant combinations anhengjeces being integrated.
A number of defects were found that resulted from a failurentike the architecture
sufficiently specific.

Sample system testsAGM used a combinatorial test design to selecte specific test
configurations for testing at the core asset level. Not epepgduct had all the features

it would have once the product team added the unique pottisinthey had the core
functionality. This testing gave the core asset team vaduigedback about their assets
and generated a To-Do list of enhancements for the secosake|

7.3 Product development

The product development team benefited from all the testoredy the core asset
team. The product team used guided inspection where thei@ifé@tures made up a
significant portion of the product.

The product team found only a few defects in the core assétegintegrated their
product-unique parts. Most of the defects were within thigue code. In a few cases
there was a mismatch between the core assets and the prodquoe piece. These
were mostly due to conflicting assumptions that did not shpvinutesting since the
same assumptions were applied there as well.

8 Issues

In this section we present more questions than answers billusiate some of the
issues on the cutting edge of research.

8.1 Core assets

What is a core asset? Traditional product line approactiek di a core asset as dis-
cipline related such as a requirements document, but witlag¢ i€ore assets are func-
tionally divided? A core asset is the set of hardware, saftwiest documentation and
results, and other items related to a functional subsystetwill be reused as a unit?
In the first case the set of all test suites for a test pointérpttoduct line is a core asset.
In this scheme, traceability must be maintained betweereaif§p test suite and the
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software it is used to test. In the second case a set of téssssiigrouped with what it
tests. In this scheme, traceability must be maintained &etva test suite and any other
test suites it uses or is derived from.

Arelated issue is what constitutes a configuration item acmhéiguration. In some
product line organizations, the core asset base as a wholeeigonfiguration item.
Each release is a release of all the core assets. This usasllits in a lengthy wait
for the next release and a long wait for fixes to identified pots. A finer grained
approach can be used. Some natural breakpoint is chosdnasuthe architectural
subsystem level or module level. A release is a new versi@nsoibsystem or module.
This approach results in a faster cycle time with releasdmigffixes happening more
often.

The implication for testing is the faster the cycle time, thgter the testing process
must react. Testing must be as agile as the development Work.do we do agile
testing?

8.2 Software certification

In a related issue, how do government regulators regare ifusertified assets? What
has to be done to ensure that the regulations are met in aptabézway? Certification
of software products by regulatory agencies usually regpecific evidence, including
test results.

The familiar phenomenon @mergent behaviaronfounds the easy answer of test-
ing each subsystem to a high degree of coverage and then iagstirat a product
assembled from these subsystems is of equally high quakitg.complicates the prod-
uct line approach of maintaining an inventory of core asfetsare assembled to form
products.

One possible approach is to store a fragment of a verificatiotel with each asset.
When the assets are assembled, the fragments of the véoificabdel are assembled.
Some form of incremental model checking algorithm might begible.

Another approach is to structure the product line as a caegblsupersystem from
which optional pieces are removed when not needed, but thes diork well when
we have alternative features. Is it possible to have eméfmravior in the remaining
system when pieces are taken away from that system?

8.3 Meta-data

“Meta-data” is data about data. This data can be used tomedsmt the data described
by the meta-data. Our research is considering what megastiatild be collected about
tests. Current examples include only keeping the usual glath as the name of the
person who constructed the test case and when [31]. We béliavusing an approach
similar to the Java annotations, in which the meta-data asetty associated with
the source code segments, can be used by tools to managkilitgrand automate
processes.

Meta-data conforms to a meta-model. The meta-model defiesliowable struc-
ture of the meta-data. Our current research is focusing fimidg the appropriate meta-
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model for test data. Current efforts at automation, disedig&low, are based on existing
meta-models.

8.4 Automation

Although we have talked about a number of ways to automaiteigtistill an issue with
much work left to be done. Our research group is currentlgstigating a tool chain
that would provide a more comprehensive approach to autom@io].

Our premise is that the constrained scope of a product lioeighes a sufficiently
narrow context that a domain specific language (DSL) can bfitgily used. We take
practices from the framework and exploit their relatiopshiith each other.

We begin by Understanding Relevant Domains through theldere=nt of an on-
tology. We use the Web Ontology Language (OWL) [37] to capthe concepts in the
domain. The ontology is transformed into a DSL by adding tramsts, cardinality and
other semantic information.

The Atlas Transformation Language (ATL) [21] is used to §fanm the output of
one tool into the input suitable for another tool. Meta-medee defined for both the
source and target of the transformation. Then functionsyles as shown in the code
snippet below, map an element from the source to elementgitatget.

In the second line of the ATL code notice that dT is producing a model called
GaneEl enent s while thel Nis taking a model written in MOF. Rules such as the
helper rule define what to do with each legal symbol fromlthemodel. ATL provides
extensive facilities for transforming a model written ineomodeling language into a
different modeling language.

nodul e AGVREMF;
create OUT : GaneElenents fromIN : MOF;
-- get BarrierBehavior fromoriginal file in a Sequence
hel per context MOF! EPackage def: getBB()
Sequence( MOF! ECl ass) = MOF! EC ass. al | I nstances()
- >asSequence()
->iterate(e; acc: Sequence(MOF! ECl ass) = Sequence{}
| if e.eSuperTypes.toString() =
" Sequence {I N BarrierBehavior}’
t hen acc. append(e)
el se acc
endi f
)
-- get Rule fromoriginal ecore file in a Sequence
hel per context MOF! EPackage def: getRul e()
Sequence( MOF! ECl ass) = MOF! EC ass. al | I nstances()
- >asSequence()
->iterate(e; acc: Sequence(MOF! ECl ass) = Sequence{}
| if e.eSuperTypes.toString() = 'Sequence {IN Rul e}’
t hen acc. append(e)
el se acc
endi f

)
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The Ecore meta-model is accompanied by a set of tools th&t gpperal templates
to generate utility applications to work with the model. Wancautomatically build
editors from the Ecore model that will support writing ussesfor the product line
or specific products. The use cases follow the stimulus aspbrese pattern. A similar
editor can be generated that supports the development afatess.

A mapping is established between the concepts in the DSLtenthethods in the
implementations of the concepts. This mapping is exploteth for developing the
product functionality and the test case semantics. The mgpp supplemented with
patterns, both standard design patterns and domain sgaatifeens, which are captured
in templates.

Figure 14 shows the comprehensive flow.

Ecore metamodel

Ontololgy-OWL — Patterns (test and design)
\ J
\ | Ve
|
v / Templates (JET & JSP)
DSL — |
| /
4 [
Program . Program &
— E—
specification Test cases

Fig. 14. Toolchain for development/test

Yet to be determined is exactly how much of the process camtoerated.

9 Conclusion

The software product line development strategy providesgportunity for significant
advances in product production. The strategic levels acfe@nake it profitable to spend
more time on assets. We can (and in some cases must) reacbrothrarough levels of
test coverage to compensate for the wider range of inputatimdule will experience
across all the products.

The range of inputs depends on the variation among the ptadLite scope of the
product line provides a constraint on the variability. Tbimstraint allows us to make
assumptions that facilitate automation.

To achieve some of the aggressive goals of a product linen@agt@on, more of the
development steps must be automated. The initial cost sfitkcieased automation is
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amortized over the multiple products. The automation coimes specific models and
tools that are used.

Using meta-models to capture abstractions that define dtupt line provides a ba-
sis for creating specific product models rapidly. From thoselels much of the product
can be generated. Tests as well as product behavior can beatgh sometimes from
the same models.

Our current research is taking us deeper into represensatind restrictions. We
continue to get experience with product line creation arstissoment. In particular we
are looking at the relationships between development astohteand how representa-
tions can unify the two.



Practice Areas

In this appendix we briefly relate testing to the other 28 ficaareas in the SEl's
product line framework, detailing what has been discussé&thapter 4.

Software Engineering
Architecture Definition The architecture is defined to a specific level of
detail. The test cases for the architecture must be
defined to the same level of detail as the archjtec-
ture. The architecture is “tested” by comparing its
definition to the requirements by the techniques
defined in the Architecture Evaluation practice.
Architecture Evaluation This area includes the ATAM technique. Architec-
ture reviewers adopt the testing perspective tohelp
them do an in-depth evaluation. It uses scenarios
as does the Guided Inspection technique. These
scenarios play the role of test cases. The scerjarios
are chosen to sample over the set of requiremients.
The sampling can be biased toward those portions
of th erequirements that are a higher priority than
some other area. The output of these techniques is
not a “correct" or “incorrect" decision. It produges
a set of risks that identify places in the architecture
where it may be difficult to maintain correctngss
over the life of the architecture.
Component Development The explicit interface of a component is used as
the basis for functional unit test cases. In a prod-
uct line it is likely that the interface will include
some type of variability mechanism. This will in-
crease the number of test cases needed to|thor-
oughly test the component. Likewise the imple-
mentation may be more complex to support|the
variations required of the component. A test|in-
frastructure that is compatible with the develop-
ment method will be needed. For example, JUnit
works well in a development method that is itera-
tive and incremental. JUnit supports the evolution
of test cases as the component matures.




Practice Areas 41

Using Externally Available Software

Software imported into the core asset base

be tested to the same levels of coverage a
house built code. Due diligence may find that
supplier of the software has already achieved
level of quality or the inhouse team may h

must
5 in-
the
this
ave

to develop addiitonal test cases. The test dases
should be automated so that they can be reapplied

when a new release of the external software i
leased to the organization.

5 re-

Mining Existing Assets

When a fragment is mined from existing assets it

needs to be tested in its new, more isolated co

ntext

to be certain that the new asset is appropriately

complete with no hidden dependencies.

Requirements Engineering

The requirements are one of the primary sources

of input to the system test process. The req
ments are also subject to verification by a Gu
Inspection. The production method should
scribe the manner in which the requirements
be represented and how they can be linked to
tem test cases.

Jire-
ded
Dre-
will
sys-

Software System Integration

Each level of integration is accompanied by e

Xxer-

cising a test suite. It is at this level that previously

unanticipated behaviors emerge. Test cases s

hould

cover significant interactions between the pieces
being integrated to determine that each piecq ful-

fills its responsibilities.

Understanding Relevant Domains

The domains about which our programs com

pute

are an important source of information for testing
the requirements, architecture and assembled sys-

tem. In MDD a domain specific language fo

ms

the basis for automating development. In a soft-

ware product line domain models, from wh
domain specific langauges are created, shou

ch
Id be

tested before the language is created. A Guided

Inspection of the model using the product ling
guirements as the context can identify incomp
incorrect, or inconsistent models.

-

e-
ete,

Technical Management
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Configuration Management

The test assets must be controlled and linked so

that there is traceability to the sources of the

test

cases and to the asset they are intended to test. The
configuration management system in a software

product line uses a meta-data approach for

ink-

ing since each asset will be used in many builds of

many different products. A reusable compone

ntis

stored in a core asset base repository. Then any
use of the componentin a product is expressed, in

the product’s CM tree as a configuration item

hat

refers to the actual component’slocation. The tests
for a product are managed in a similar manner. A
product’s CM tree contains a reference to the ac-

tual test cases that are stored in the core asse

[ stor-

age area. Both core asset and product develdgper’s

guide must provide nstructions on how to ac

LesSS

needed assets and how to enter new assets into the

storage area.

Measurement and Tracking

The test results should be tracked to understand

how the defect profile is changing. This d

ata

should be used to manage the test process and

to provide information for improving the deve

a)

opment process. When a threshold value forf the
number of hours needed to find another defect is

crossed, the test activity is halted.

Make/Buy/Mine/Commission Analys

Buring the Buy or Commission analyses, there
should be due diligence activities that investigate
the quality culture of the potential supplier. The

costs of testing, based on the supplier’s cul
must be factored into these decisions.

ure,



Practice Areas 43

Process Discipline

The numerous test processes must be coordi
with each other and with other processes that
pact the same personnel and the same asset
main threads in a software product line are
core asset development and product develop
efforts. As can be seen in the chain of quality i
there are numerous places where testig is

ducted. There are also prerequsites in which
type of tesing should be conducted before ang
The “discipline” in process discipline means {
personnel who plan testing activities will prov
a realistic schedule for them and the personng
signed to carry out these activities will perfg
them according to the established process d¢
tions.

nated
im-
5. The
the
ment
nl,
con-
one
ther.
hat
de

| as-
rm
ofini-

Scoping

A well-defined, constrained scope limits the range

of values that have to be considered during tes
It also limits the interactions and therefore the
teraction tests that must be provided. A chang
scope should trigger a review of various test p
to determine where additional tests are needg

ting.
in-
ein
ans
d.

Technical Planning

Technical planning coordinates the various de
opment and testing activities within the core a
and product building teams and between the
well. As periodic releases of the core asset

are scheduled the development schedules mu
clude the appropriate time for test activities.

vel-
sset
m as
base
stin-

Technical Risk Management

Technical risk management will be informed
the results of testing. For example, if the def
found per hour of testing is not decreasing s

by
pCts
) ffi-

ciently, a risk should be raised. Testing will also

identify areas of the architecture or specific ty
of code assets that are most problematic.

pes

Tool Support

The development tools and the test tools nee
be compatible. They both must support the ra
of binding times required by the selected va
tion points. The production method defines a
the technologies and related tools that are useg
transformations, generation and other cons
tion techniques. It will also specify testing to
that complement those construction technique

2d to
nge
ria-

| of
d for
ruc-
ols
S,

Organizational Management
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Building a Business Case

The business case includes an analysis of the

costs

and time required for testing to the level expected
in the culture and domain of the products being
developed. The business case relies on a specific

version of the product line scope to determing
levels of effort required for testing.

Customer Interface Management

the

Test results provide useful data for technical ¢cus-

tomers. The test results should be linked to
corresponding test cases and assets under tg

the
st us-

ing the CM system. Customers can be engaged as

testers early in the development cycle so that
suggestions can be incorporated during later i
tions.

Developing an Acquisition Strategy

Test tools and assets may be acquired using
strategy.

Funding

heir
era-

this

Testing is expensive but high quality is no acci-

dent. Funding is necessary to support the g

ning, construction and execution of test cases,.

Launching and Institutionalizing

lan-

Although most organizations test during tradi-

tional development, adopting the product line

proach will call for a shift with a heavier test-

ap-

ing effort earlier in the cycle to ensure that the

reusable assets are sufficiently robust.

Market Analysis

This analysis may influence the levels of co

er-

age that are set for various types of testing. If cus-
tomers are dissatisfied or if competitors are deliv-
ering a higher level of quality for a comparable

price this may require an increase in test caver-

ages.

Operations

Each specific test point should be assigned

to a

team with the appropriate knowledge and respon-

sibility. For example, system test should be d
by a team that has product line wide scope
responsibility.

Organizational Planning

During organizational planning issues such ag
sired levels of quality and product differentiat
drive the specification of a production strat
that influences how the testing method is defi
Their efforts are coordinated through an organ
tional test plan that defines the overall test s

egy.

one
and

de-
on
egy
hed.
iza-
trat-
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Organizational Risk Management

Testing reduces the risk of litigation by identify-
ing defects so they can be removed and not reach
the customer. Test artifacts such as test results and
reports are evidence that customers can review to
understand the levels of quality being produced. In
a product line organization, different products will

present different levels of risk and will require ¢
ferent levels of testing.

Structuring the Organization

if-

Personnel who are assigned to testing fulllime
may form a functional team which is then ma-

trixed to specific core asset and product teams
as needed. Personnel with part-time responsibil-

ity for testing should be trained and placed in
appropriate places in the organization to havg
authority necessary to be effective. This authg
should include veto over passing defective ag

or products on to the next step in development.

Technology Forecasting

The development technologies that will be u
in the future may require different testing tech
ogy. Planners use the forecast to determine f
needs for training, process definition and tool
port.

Training

Most personnel will be trained in the testing
spective and Guided Inspection techniques.
velopers will be trained to effectively test th
units. Personnel assigned responsibility for g
types of testing may need training in the tools U

to generate test cases.

the
the
rity

sets

sed

ol-
ture

sUP-

er-
De-

eir
ther

sed
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