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Keynote Outline -
Challenges for testing in software product lines

Georg Grutter, Robert Bosch GmbH, CR/AEA3-Fr
georg.gruetter@de.bosch.com

1 Motivation

The importance of SW for Bosch products has been and will be continuously growing.
Bosch manufactures hundreds of thousands of electronic control units per year for the au-
tomotive and other industries worldwide. The number of software developers Bosch em-
ploys worldwide rivals that of major players in the software industry. The majority of soft-
ware intensive products are developed in software product lines.

A lot of Bosch's software is safety relevant, like e.g. the ESP, engine and airbag con-
troller software. It is also continuously growing more complex. The software for engine
control units typically contain up to 840.000 lines of code (before compile time and includ-
ing the feature superset for a high number of variants), processes the input of up to 25 sen-
sors, controls up to 31 actuators, has up to 5200 features and about 7200 calibration param-
eters. Some of the Bosch product lines yield up to 1000 products in one year.

Since 2000, Bosch successfully applies the Software Product Line Practices Frame-
work (SPLP) of the SEI in various business units. The new value motronic product line of
the Gasoline Systems business unit has been successfully introduced into the market. The
same is true for the new AB10 generation of airbag controllers produced by the Automotive
Electronics division. The development of both these product lines has been guided by the
SPLP Framework from the outset. A thorough scoping combined with a solid business
case, as well a good system and software architecture, have been the deciding success fac-
tors for both product lines.

In the light of the growing complexity and the safety criticality, Bosch regards testing as
one of the major challenges for its future software development. The software product line
testing community has addressed many of the technical challenges and proposed processes
and practices during the last few years. In our experience, design for testability is both the
most fundamental and best understood of those. However, there are a number of important
nontechnical challenges for product line development that have, so far, not been addressed.
These are:

1. Meeting the product developers' quality expectations for core assets

2. Establishing testing as a practice well regarded by managers and developers

3. Controlling the growth of variability

4. Making design decisions for testability

In [1], Barry Boehm argues that in the software industry, there is currently no good un-
derstanding of the business impact that software design decisions have. We might add that
this is also true for testing. For the software product line paradigm, being business-centric,
it is paramount. With business impact we refer to everything that has an impact on the
achievement of the business goals of an organization. For a company trying to achieve the
business goal "Quality leadership" e.g., a design decision to apply the latest and immature
technology potentially has a negative business impact. It is our hypothesis that the lack of
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understanding of this business impact is the root cause for the last three challenges not be-
ing solved yet. But first things first.

2 Meeting the product developers' quality expectations for
core assets

One of the promises of product lines is increased quality. This is a very appealing argument
for companies producing safety critical software products. The assumption behind the qual-
ity promise is, that a component, if reused very often, will mature in the process of reusing
it. However, this assumption is usually quickly forgotten. What remains is: "With product
lines, we get better quality than before". Furthermore, in the market of safety critical appli-
cations there really is no margin for "maturing in the field" - "quality by quantities" does
not work here.

The expectations in management and project development are high and so is the pres-
sure on the core asset developers. The common expectation is that core assets will meet
higher quality standards from the outset than before product line development was em-
ployed. Additionally, the core asset developers are expected to fill up the core asset base
with a complete set of core assets early in order to keep the time-to-market promise. This,
certainly, doesn't make things easier.

In our experience, when product developers find out that the quality promise is not
kept, the faith in product lines can be seriously shaken pretty quickly. Product developers
tend to revert to the old ways of clone and own and the whole idea of product line may die.

All this puts a high pressure on testing. Although quality cannot be "tested into" core
assets, the testers must make sure that even less defects slip through to product develop-
ment than before. At the same time, variability in the core assets makes testing more diffi-
cult.

To deal with these challenges, we need to convey a realistic and clear picture of what
the effects of product line development are and when they will take place. We see two,
complementary means to achieve this. The means is to create a mind share in the organiza-
tion. Have key persons temporarily participate in the work of other teams. That is, a core
asset developer works with the product development team and vice versa; a manager
spends a day with the developers to get a feel. The second means is to measure and try to
quantify the experiences made during this exchange.

3 Establishing testing as well regarded practice by
management and developers

The problem is not exactly new. The only surprising thing is that it is still around. Testing
is an inherently destructive task. Most developers prefer creating software to trying to break
it. That is why software developing organizations operate test centers. Management often
views testing as unproductive and does not give any or not enough incentives for proper
testing. When the pressure is on, the decision "Do we start working on the next feature our
customer wanted or do we finish testing the ones already realized?" is easily made. There
is an inherent vicious circle to this: the more pressure there is, the less testing is done, the
less stable core assets are, the more rework is needed, the less productivity there is, the more
pressure there is, and so on.
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Before product line testing can lift off, we need to break that vicious circle. We need
to acknowledge that, although inherently destructive, testing actually creates value. Auto-
mated suites of tests are valuable, reusable core assets. As with other development efforts
for product lines, a rather huge up-front investment into testing is necessary. The problem
is this: we are usually not able to specify the positive business impact of testing and tests.
How exactly does testing help us to attain our business goals and how could we weigh this
against the costs. The costs, however, are clear, which makes it hard to break the vicious
circle.

4 Controlling the growth of variability

The major source of complexity within product lines stems from the number of variants.
Variation points are often a source of faults. Testing all variants of core assets a priori is
usually impossible for all but the simple cases. So far, research in product line testing has
focused on making variant testing more effective and efficient.

We propose to additionally investigate how we can identify or reject those variants that
have a negative overall business impact. We'd need to be able to specify the business impact
of those design decisions and tradeoffs that would need to be altered for those new variants.
We would need to be able to specify, how much additional testing effort a variant would
cause. In our experience it is very hard to reject requests for unprofitable variants without
a justifiable estimate of their negative business impact. The impact on testing and the over-
all health of the product line is obvious.

5 Making design decisions for testability

In the automotive embedded software domain, the dominating qualities of software are cur-
rently reliability and resource consumption. It has been recognized that, for product lines
to fulfill their promise of increased quality, decreased cost and shorter time to market, test-
ability needs to be added to this list. Design for testability is what is needed.

A lot of appropriate design decisions are known, such as "Separate variant from invari-
ant code" or "Separate controller software from information processing software". In our
experience, the impact of design decisions for testability on the system architecture can be
substantial. Changing the architecture of a system might affect its reliability in the short
run.

Hence, a precondition for these design decisions to be put into practice is, that we un-
derstand and communicate their business impact. Barry Boehm stated in [1]: "The links be-
tween value and software design are tight but still not understood well enough today. ... The
connection between technical parameters and value creation are understood vaguely, if at
all.". The questions to be answered are: "How will design for testability impact other qual-
ities?" "How much more effective and efficient will testing be when design decision x is
implemented?".

Without being able to answer these questions, design decisions for testability will like-
ly not be implemented and the testing challenge will remain. Obviously, further research in
this area is needed.
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6 Conclusion

The product line paradigm is business centric. In order to achieve economical success, we
need to quantitatively understand the business value of the technical decisions that we can
make. The absence of such knowledge constitutes a serious problem. This is especially true
for testing, which is not yet widely viewed as creating value in the first place.

So we need to find adequate models. George Box said "All models are wrong, some are
useful”. We need to focus on the useful models that help us to understand and communicate
what we do in product line testing.

The Personal Software Process (PSP), e.g., has demonstrated how building and apply-
ing models can be put to good use. We should also learn how other engineering disciplines
align themselves to business goals. But in the end, we need to measure, measure, measure,
build and validate our own models, which might be different for each company and domain.

From all this also stems a requirement for the future technically oriented research in
our field: it should quantitatively describe the possible business impact of its results. Al-
though laborious, controlled software engineering experiments will help to verify and com-
municate the utility of the proposed new testing processes and practices.

References

[1] Barry W. Boehm, Kevin J. Sullivan: Software Economics, University of Southern Califor-
nia and University of Virginia, 1999

Page 4

SPLIT 2006



SPLIT 2006

A Reuse Technique for Performance Testing of Software Product Lines

SachaReis , Andreas Metzger, Klaus Pohl™*

" Software Systems Engineering, ICB
University of Duisburg-Essen, Germany
(reis|metzger |pohl) @sse.uni-due.de

Abstract

Testing that the applications of a software product line
comply with their functional as well as with their non-
functional requirements (for example performance) is
important for achieving the desired product quality. Ex-
isting approaches for software product line testing only
deal with testing an application against its functional
requirements. In this paper we present a technique that
supports the development of reusable performance test
case scenarios in domain engineering and the reuse of
these scenarios in application engineering. The technique
is an extension of the ScenTED technique for system test-
ing from our previous work. The technique focuses on
load testing and performance profiling, two types of per-
formance testing, and it has been validated in a case
study at Semens Medical Solutions HSIM.

1. Introduction

Software product line engineering (SPLE) is based on
the planned, systematic, pro-active reuse of development
artifacts, which is reflected by the following two charac-
teristics of SPLE [9]:

1. Thedivision of the development process into domain
and application engineering.

2. The explicit modeling of variability, i.e. the docu-
mentation of variation points and variants.

Likein the development of single systems, making sure
that an application complies with its functional reguire-
ments as well as with its non-functional (or quality) re-
quirements is also important in software product line en-
gineering.

Several approaches for the development of reusable
test artifacts in domain engineering and the reuse of these
artifacts in application engineering exist (e.g.,
[2][6][7][10]). However, these approaches focus on test-
ing functional requirements only. There are currently no
product line specific approaches that deal with testing
performance or other non-functional regquirements.

Performance test approaches from the development of

“Lero
University of Limerick, Ireland
pohl@lero.ie

single systems (e.g., [11][12]) do not support product line
variability and therefore no pro-active reuse of perform-
ance test artifactsis possible with these approaches.

In this contribution, we present the ScenTED-PT tech-
nique that supports the development of reusable perform-
ance test case scenarios in domain engineering and the
reuse of these scenarios in application engineering.
ScenTED-PT is an extension of ScenTED, a require-
ments- and model-based system testing technique for
product line engineering [10]. We have chosen perform-
ance, because it is one important kind of non-functional
requirements and also because performance was of major
interest to our validation partner Siemens.

The basic idea of ScenTED-PT is to map the variabil-
ity in the functional as well as in the performance re-
guirements (documented by use cases and scenarios) to
domain performance test artifacts. In application engi-
neering, the variability in the domain performance test
artifacts is then bound to create application-specific per-
formance test artifacts. The binding can be performed in
different ways, depending on the kind of performance test
that should be performed.

The remainder of the paper is structured as follows.
After an overview of how variability in performance re-
quirements is documented (Section 2), the activities of
ScenTED-PT are explained in Section 3. Finally, the case
study and its results are presented in Section 4.

2. Variability in Performance

Performance is defined as conditions or constraints
which are added to the functiona requirements concern-
ing their accomplishment such as speed, accuracy, or
memory usage [5].

For ScenTED-PT we have used the OMG’s UML Pro-
file for Schedulability, Performance, and Time (SPT, see
[8]) as a basis to model performance aspects. To docu-
ment variation points and variants, we have introduced
specific annotations, because the original profile did not
allow expressing product line variability.

Figure 1 shows a sequence diagram including variable
performance requirements, which are expressed with our
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extension of the SPT profile. The variation point VP1
specifies variability in the load of the scenario (SPT
stereotype <<PAclosedLoad>>). In the example, the
possible variants are expressed by the parameter $n.

Depending on the population of the load (SPT tag PA-
population), the response time of the last scenario step can
vary. Therefore, VP4 is specified and a dependency to
VP1 is expressed by quantifying the response time by re-
ferring to the parameter $n.

VP1:
<<PAclosedLoad>>

{PApopulation=$n} \'Uﬁ H

VP3:

<<PAstep>>

V3.1: {requires 2.1}
{PArespTime="msr’,
‘max, 10, s}

V3.2: {requires 2.2}
{PArespTime="msr’,

i i |vp2:
O SEEEEE T : i |v2.1: {requires 3.1} X
: : i |v2.2: {requires 3.2}y

‘H—’VD V2.3: {requires 3.3} Z
e Jx " vpa: ™

1| <<PAstep>>

: eyl VAN

I B {PArespTime=(‘req',
: ‘max, (0,01*$n, s))'}
R SR ;

Figure 1: Exahwple of‘variabil‘ity modeling

‘max, 14, s}
V3.3: {requires 2.3}
{PArespTime="msr’,
‘max, 22, s}

The response time of the second step of the scenario is
modeled by three different variants of VP3. The response
time depends on the redlization of the component B,
where B is a placeholder for three different realizations X,
Y, and Z. Depending on the selection of the concrete
component, the maximum response time is allowed to
vary. This dependency is modeled by adding a requires
dependency to the variants of VP3 and VP2.

3. ScenTED for Performance Testing

The ScenTED-PT technique is model-based, i.e. based
on the requirements and the architecture of the system,
test engineers develop a test model from which perform-
ance test case scenarios are derived.

ScenTED-PT, like ScenTED, employs use cases as an
input to the testing process. In more detail, a use case dia-
gram and textual descriptions of each use case that de-
scribe the use case scenarios are used as input.

ScenTED-PT consists of five activities (four in domain
engineering, and one in application engineering):

1. The use case scenarios of the system are manually sup-
plemented in domain engineering with performance re-
quirements. The use cases and their scenarios represent
domain requirements and therefore they can contain
variability.

2. A basic test model is manually created from the ex-
tended use case scenarios.

3. The test model is manually supplemented with archi-
tectural information, i.e. the system-user interactions
are refined to interactions between the different com-
ponents. This architectural information is needed for
specific kinds of performance tests (see Section 3.3).

SPLIT 2006

4. Based on the supplemented test model, domain test
case scenarios (DTCS) are automatically derived from
the test model using a coverage criterion.

5. Application test case scenarios (ATCS) are automati-
caly derived by binding the variability of the DTCS
for a customer-specific application.

3.1. Supplementing UC Scenarios (Activity 1)

Input to the first activity of ScenTED-PT is the textual
and template-based description of domain use cases.
These use cases can contain variability caused by different
functionalities that should be available for the product line
applications. In the first activity of ScenTED-PT, a re-
quirements engineer has to supplement these use cases
with performance requirements. These performance re-
quirements can cause additional variability, which is aso
documented. The output is a set of use case scenarios ex-
tended with performance requirements.

Figure 2 shows the use case diagram of a simple E-
Shop product line that we will be using as a running ex-
ample. Variation points are represented by black triangles
(see [4]). The E-Shop product line consists of five use
cases. The common use cases define how customers can
search and buy items. For payment, E-Shop applications
can provide payment with invoice, with card or both. For
card payment, an E-Shop application can provide either
credit card or debit card payment.

<<include>>.
"""" s
- <<mclude>> payment
! Ss
¥ 127, VP4
pay payment w/card
Customer wiinvoice
pay <", o pay
wicredit-card = \w/debit-card

Figure 2: UC diagram of an E-Shop example

Purchase

We have chosen the use case buy items to illustrate the
supplementation of a use case with performance aspects.
In the textual description of the use case, variation points
and variants are explicitly documented in addition to the
individual scenario steps. As an example, Step 6 of the
scenario contains variability caused by performance:

Step 6: System calculates and shows the invoice {VP6}

VP6 defines variability in the maximum calculation
time of Step 6:

VP6 <<PAstep>>
V6.1: Has to be accomplished within 50 ms
V6.2: Has to be accomplished within 100 ms

Variation points as well as dependencies between dif-
ferent variation points or variants are specified within
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curly brackets. VP5 defines the variability in the load of
the system:

VP5 <<PAclosedLoad>>
V5.1: The number of active users in the system is
limited to 500 {requires V6.1};
V5.2: The number of active users in the system is
limited to 1000 {requires V6.2}

3.2. Creation of the Basic Test Model (Activity 2)

The result of the second activity of ScenTED-PT is a
basic test model. Based on the use case descriptions that
have been supplemented with performance requirements,
test engineers develop a test model based on functional
and performance requirements. In ScenTED, this basic
test model is represented by a UML activity diagram.

In afirst step, for each use case, an individual activity
diagram is created. Each activity diagram describes all
possible scenarios of the associated use case as well asthe
variability and performance aspects.

VPT.

<<PAclosedLoad>>
V7.1: {requires 3.1}

VPS5:

<<PAclosedLoad>>
V5.1: {requires 6.1}
{PApopulation=500}
V5.2: {requires 6.2}
{PApopulation=1000} {PArespTime="req’, max,|

/| {PArespTime=Teq’, max, (2, min)}
V5.3: {requires 6.3}
{PApopulation=$n} (?g,zms))

<<UC>> V7.2: {requires 3.2}
search Items {PArespTime="req', max, (5, min)}
_| <<PAstep>> {PArespTime= _ | {PArespTime="req', max,|
‘req’, max, 5, ms)} (100, ms)}

V6.3:
add |tems to display m Create invoice {PArespTime="eq', max,
shopping cal shopping cart (0,1*$n, ms)}

show invoice

VPG
<<PAstep>>
6.1

- \/P3 Payment  (enter payment process
information payment
V3.1 for invoice informatio
VP4: Online
payment enter credn process
Va1 card credit card >9 save data
information information
enter debn process %
card debit card @
information nformation

Figure 3: Basic test model of buy items

Figure 3 shows the activity diagram of the use case buy
items. In this activity diagram, variation points in the con-
trol flow are shown as black diamonds. Variants are tran-
sitions that emerge from such variation points.

The test model contains the action search items, which
refers to the activity diagram of another use case
(specified by the stereotype <<UC>>). This reference re-
flects the inclusion of the use case search items by the use
case buy items (see Figure 2).

The information about variation points 5 and 7 is at-
tached to the action search item, because — following the
SPT profile — al information that affects the whole sce-
nario has to be attached to the first action in the diagram.
(see [8]). The distinction whether the information affects
the whole scenario or only the first action can be extracted
from the stereotype. The stereotype <<PAclosedLoad>>
describes information of the whole scenario. The stereo-
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type <<PAstep>> is used if only the information for the
first step is described.

In a second step, al activity diagrams are merged into
one overall activity diagram. The overall activity diagram
specifies the order in which the individual use cases are
executed. This order is determined by analyzing the pre-
and post-conditions of the use cases. Activities in this
overall activity diagram are stereotyped <<UC>> to de-
note that they are refined by the activity diagrams of the
use cases. This procedure is equivalent to the one in the
basic ScenTED technique [10]. The overall activity dia-
gram is used to derive test case scenarios in the subse-
quent activities of ScenTED-PT. To keep the remaining
examples short, we will only use the activity diagram of
buy items and not the overall activity diagram.

3.3. Supplementing the Test Model (Activity 3)

ScenTED-PT supports two different types of perform-
ance tests: load testing and performance profiling. During
load testing, performance requirements are tested for a
given configuration. During performance profiling — in
contrast — one configuration is identified which fulfils the
performance requirementsin the best possible way.

For both types of tests, the basic test model is not suf-
ficient for deriving test case scenarios, because informa-
tion about the possible configuration of the system is
missing. Depending on the selection of components, dif-
ferent variants of performance requirements may be se-
lected for load testing. For performance profiling, the
information about potential configurations is essential,
because one specific configuration is determined.

Therefore, in the third activity of ScenTED-PT, the ba-
sic test model is supplemented with architectural informa-
tion. Information about the components of the system is
added to the test model which may include additional ar-
chitectural variability. The components of the system are
reflected by activity partitions in the activity diagram.
Each action is associated to one activity partition.
Additional actions might have to be added if the basic test
model was not detailed enough.

O{ ifhop Frontend Er—«)—‘ DBMS E‘

<<variant>> =1 <<variant>> g]
Payment/Billing — PB1 Payment/Billing — PB2

PayCard
( Paylnvoi(:eE

Figure 4: Architecture of the E-Shop

In Figure 4 the architecture of the E-Shop example is
shown as a UML component diagram. The architecture
consists of six components. The user of the system inter-
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acts with the E-Shop Frontend. All data are managed by
the data base component DBMS. The payment is managed
by the Payment/Billing component. Two different imple-
mentations of Payment/Billing exist (PB1 and PB2). The
components differ in the complexity of the implementa-
tion and therefore vary in their performance, i.e. in the
memory usage as well as in response time. Each Pay-
ment/Billing component uses the components PayCard and
PayInvoice. These two components implement the func-
tiona variants for the payment by invoice and the pay-
ment by credit or debit card.

Assigning actions to components is done manually and
requires the knowledge of the detailed design or imple-
mentation. In Figure 5 the extended test model for the use
case buy items is shown. Because of architectural vari-
ability, the variation point VP8 from Figure 4 has been
added.

Payment/
User | E-Shop Frontend | DBMS | Bymmg PaylInvoice PayCard
VP7: VP5:
<<PAclosedLoad>> <<PAclosedLoad>> VF'B‘
V7.1: {requires 3.1} V5.1: {requires 6.1} 1.1}
|[{PArespTime="req’, max, (2, min)} {PApopulation=500} -
' V7.2: {requires 3.2} V5.2: {requires 6.2} xg; Sg;
Search items ~. |{PArespTime="req, max, (5, min)} {P. 1000] -
v EERRREED] BERPITTTITEEEECER ==-1V5.3: {requires 6.3
h o add items to PA reg :$n)) VPS:
choose items shopping car onfirm <<PAstep>>
<<PAstep>> {PArespTime= | ..--"" ‘—- |vel o
‘req’, max, 5, ms)} __.--="[ |{PArespTime="req, max,
d\s;_)lay » L (50, ms)}
vy shopping cart G V6.2 )
T confirm {PArespTime="req', max,
create invoice creation (100, ms)}
V6.3
(o {PArespTime="req’, max,
JN show invoice (0,150, ms))
S~ WP3: Payment

V3.1 i mefglrfr: ?nfry':veo?::e process confirm
"~ [fenter credit forward inform. informatio
card for invoice process
information p| credit card
Online N forward credit I information
paymept <o it card information process

P| debit card .

‘confirm

roc.
| (confirm
proc.

Va2 card | forward debit
information card information nformation
@(—@ save data

Figure 5: Extended test model of buy items

3.4. Derivation of DTCS (Activity 4)

In the fourth activity of ScenTED-PT, domain per-
formance test case scenarios are derived on the basis of
the extended test model. The derivation is performed in
the same way as in the original ScenTED technique. Un-
der consideration of an adapted branch coverage criterion,
test case scenarios are derived that preserve variability
(see [10]). First, the variahility in the control flow is han-
died as a black box and the coverage criterion is applied
to al invariant parts of the model including the black
boxes for the variability. Then, the black boxes are re-
placed with the variable control flow. The result is a set of
performance test case scenarios that alow 100% branch
coverage for each customer-specific application.

The resulting domain performance test case scenarios
are represented by UML sequence diagrams. For each
activity partition of the activity diagram, one role with a
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life-line exists. For the use case buy items one domain
performance test case scenario already satisfies our
adapted branch coverage criterion (see Figure 6).

I ‘E-Sho Frontend ‘ DBMS ‘
VP8:
: User vPT: h {1..1}
REF hi <<PAclosedLoad>> xgéf EE;
searchitems 1} | v7 1. {requires 3.1}
| {PArespTime="req',max, 2
(2, min)} Payment/ K
choose items V7.2: {requires 3.2} Billing Paylnvoice
oad>> {PArespTime="req’,max, *
V5.1 (5, min)} i
{requires 6.1} 5 !
{PApopulation=500} add items to i -
V5.2: ) . shopping cart <<PAstep>>
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Figure 6: Domain performance test case
scenario for buy items

3.5. Derivation of ATCS (Activity 5)

The final activity of ScenTED-PT isto derive test case
scenarios in application engineering.

For load testing, the complete variability of the domain
performance test case scenarios is bound. The binding
depends on the binding information that is defined both
by customers and the designers. The selection of the vari-
ants by the customers is reflected in the binding of the
domain requirements. The variants that are selected by the
designers are reflected in the binding of the domain archi-
tecture. When deriving the DTCS, the variability was
handled as a black box. Because of this abstraction, it is
possible that more than one ATCS has to be derived from
one DTCS to guarantee 100% branch coverage for a cus-
tomer-specific application. If more than one variant has
been selected for a variation point, more than one ATCS
iS necessary to guarantee coverage.

In the E-Shop example, the selection of the variants
V3.1, V5.1, V6.1, V7.1, and V8.1 results in the derivation
of one application performance test case scenario (see
Figure 7). The component PayCard is not part of the sce-
nario, because the variant V3.2 is not selected. If also the
variant V3.2 were part of the application, two ATCS
would be necessary to achieve 100% branch coverage.

During performance profiling, the configuration of the
application is not fixed, because the best possible configu-



ration should be identified. For this reason, initialy the
variability in the DTCS is not bound completely. All vari-
ability is bound except for the variability in the architec-
ture that is performance relevant. Then, for the remaining
architectural variability, test case scenarios for al poten-
tial bindings (i.e., configurations) of this variability are
derived. The Test cases for al these test case scenarios
are executed and evaluated. The scenario that fulfils the
performance requirements in the best possible way defines
the configuration that will be chosen for the application. If
many performance relevant variation points and variants
in the architecture of the product line exist, the number of
possible scenarios can become very high. In that case, one
could rely on the experience of domain expertsto select a
representative set of test case scenarios.
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Figure 7: Application performance test case sce-
nario for buy items

In the E-Shop example, the variation point VP8 repre-
sents variability in the architecture. Two different compo-
nents implement the same functionality in a different —
and performance relevant — way. For this reason this vari-
ability isinitially not bound for performance profiling. All
possible application scenarios are derived out of the par-
tially bound scenario. As aresult, two different scenarios
were derived. One includes the variant V8.1 (component
PB1) and the other one includes variant V8.2 (see compo-
nent PB2).

4. Case Study

ScenTED-PT was partialy validated in a case study at
Siemens Medical Solutions HS IM. Siemens AG Medical
Solutions HS IM develops software-systems for worksta-
tions in the radiology domain. The tasks of those radiol-
ogy systems cover the complete clinical workflow. The
radiology systems vary in their hardware, like CT or X-
Ray scanners, or high-end or low-end hardware for the
data server, as well asin different functionally, like work-
stations with 3-D or only with 2-D functionality.

In the testing process of Siemens Medical Solutions
HS IM, performance testing plays an important role. Tra-
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ditionally, performance requirements have been separately
defined in the specifications of the product line and per-
formance test cases have been derived under considera-
tion of a Siemens specific performance framework.

Because of specific needs of Siemens, ScenTED-PT
was adapted. The most important adaptation was the use
of existing DTCS for system testing that have been cre-
ated in previous work [3].

The most important observations of the case study
were as follows:

Early validation of performance requirements and
variability. To supplement the DTCS with the perform-
ance requirements, the test engineers have to analyze and
understand the performance requirements. This analysis
leads to a validation of the performance requirements
concerning completeness, inconsistencies, ambiguities,
and testability. Test managers at Siemens have estimated
the early validation of the performance requirements as
one of the most important benefits of the application of
ScenTED-PT. In this case study, 35 performance re-
quirements out of atotal of 51 were associated to the do-
main performance test case scenario. The other 16 re-
quirements affected other parts of the SPL that were not
within the scope of our case study. From the 35 selected
requirements, 5 requirements (14.3%) have been identi-
fied that could not be tested, because of a too abstract
description. Also, two additional requirements were iden-
tified (5.7%). Altogether, 20 performance requirements
(57.1%) were supplemented with variability for further
reuse.

Additional tags are necessary to model loads. During
the supplementation of the DTCS with performance re-
quirements, it was not possible to completely specify spe-
cific loads with the SPT profile. Therefore, we have in-
troduced two additional tags to support the modeling of
the size and the number of objects.

Traceability. Traceability from the requirements specifi-
cation, over the domain performance test case scenarios,
to the application performance test case scenarios is en-
abled by annotating performance aspects with identifica-
tion numbers. Tools (Mercury TestDirector for this case
study) efficiently support the automated tracing.

Synergy Effects. ScenTED-PT has realized synergy ef-
fects with system testing, because ScenTED-PT was
based on ScenTED for system testing. In this case study,
the overall activity diagram and the use case scenarios
were reused from the system test. Moreover, the domain
system test case scenarios were reused and supplemented
with architecture information, performance requirements,
and additional variability. Therefore, effort was reduced,
because testers did not have to create use case scenarios
and the main workflow from scratch.
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Selection of Configurations. The variability of the do-
main performance test case enables the identification of
an optimized customer-specific configuration. In the case
study, application performance test case scenarios were
derived for two hypothetical customers. The performance
requirements of the customers were different, because of
different basic conditions (e.g., humber of examinations
per year, type and size of pictures). For the customers two
different configurations were identified that fulfill the
performance requirementsin the best possible way.

Customer -specific Performance Tests. On the basis of
the domain performance test case scenario, the derivation
of customer-specific performance test case scenarios is
possible. The variability in the DTCS enables the cus-
tomer-specific selection of variants and therefore the ad-
aptation of the scenario to the customer-specific needs.

5. Conclusion and Future Work

In this paper, we have presented the ScenTED-PT
technique for the derivation and reuse of performance test
case scenarios in software product line engineering.
ScenTED-PT bases on ScenTED for system testing that
was developed in our previous work [10][3].

The ScenTED-PT technique consists of five main ac-
tivities. In all five main activities performance and vari-
ability is considered and preserved. The UML Profile for
Schedulability, Performance, and Time of the OMG was
extended to model the variability in performance aspects.

In cooperation with Siemens AG Medical Solutions
HS IM ScenTED-PT was partially validated in a case
study. All goals that have been defined by Siemens were
achieved in this case study. One significant benefit was
the early validation of the performance requirements, i.e.
the early identification of defects in the reguirements
specification.

In our future work, we will approach the complexity
problem in performance profiling. When the variability in
performance is bound the number of possible scenarios
can be very high depending on the architectural variability
(see Section 3.5). We plan to develop a technique without
relying on a domain expert. Moreover, we focus on the
extension of ScenTED concerning integration testing. In
addition, the prioritization of test case scenarios will be
examined. We will develop a risk-based prioritization
technique, i.e. we want to prioritize the test case scenarios
to enable the execution of the most critical onesfirst.
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Abstract. Cummins Inc. is currently developing it 2™ generation
Controls Product Line Architecture. Controls Product Line (CPL)
Architecture is comprised of a System Architecture, a Test Architecture
and a Tools Architecture. The Tools Architecture provides the ability to
verify and validate the CPL Architecture. The CPL Test Architecture is
comprised of domains, taxonomy, methodologies and the test
environment. The defined domains, taxonomy and methodologies drive
requirements into the test environment design. Therefore, within the CPL
Test Architecture, there is a need for a CPL Test Environment
Architecture that will facilitate implementation of the CPL Test
Architecture and verification of the CPL System Architecture. The CPL
Tools Architecture includes, but is not limited to the CPL Test
Environment Architecture. This paper’s primary focus is the
considerations in the design of a data driven CPL Test Environment
Architecture and its implementation within a Controls Product Line
application domain.

Controls Product Line
Architecture Requirement Flow

CPL Architecture

y

CPL Tools Arch
=y Software Tools Architecture
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Introduction

The Test Architecture is a design mechanism to insure that testing of the
System Architecture is effective, efficient, eproducible, and repeatable and
thus, produces a high confidence level in the product line quality. While the
Test Architecture is comprised of test domains, test taxonomy, test
methodologies and a test environment, the agreed upon test domains,
taxonomy, and methodologies drive requirements into the test environment.

Likewise, the System Architecture is a design mechanism to determine the
system infrastructure, requirements and requirement allocations. Just as the
Test Architecture is dependent upon tools to facilitate implementation of the
test architecture, the System Architecture is dependent upon tools to facilitate
software development.

The ideal situation for CPL Test Environment Architecture would be the ability
to leverage the points of variability of the System Architecture, inclusive of the
tools to support that architecture, as well as leveraging the points of variability
of the controller software. A data driven CPL Test Environment Architecture
facilitates leveraging the points of variability of the Controls Product Line
Architecture.

This paper is written based upon the lessons learned and experiences obtained
in the design, prototyping, project management, and implementation of the
CORE II Test Architecture along with 20+ years of test experience.

Test Environment Architecture

Defining the Vision and Setting the Goals:

A primary consideration in CPL Test Environment Architecture design and
implementation is the vision. The vision for Core II Product Line Test
Architecture was to develop an architecture that facilitates automated testing of
the Core II System Architecture. With the vision there were 3 primary goals.
These goals included a test architecture that was in alignment with the existing
tools architecture. Additionally, the test architecture had to be in alignment with
the company objective to minimize toolsets while selecting a toolset that would
facilitate testing across all test levels. The functional goal of the test
architecture was to create a means to minimize test execution and development
time while maximizing reuse and portability. The selection of tools and the
design of the Test Environment Architecture based upon a data driven concept,
provided the means to achieve the vision and reach the goals.
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Realizing the vision and achieving the goals

When developing a test environment that facilitates test automation, a Test
Environment Architecture must be designed with consideration towards
facilitating test automation in a portable, repeatable, reproducible, cost and time
efficient and effective manner. With current technology and with the
implementation of CPL System Architecture, the ability to meet these goals is
achievable. Data driven tests provide the means to achieve these goals when
data driven capabilities are designed into the Test Environment Architecture.

The CPL Test Environment Architecture can be designed and implemented to
leverage build and software reconfigurability as well as leverage the System
Architecture tools that control the reconfigurability. A data driven CPL Test
Environment leverages the System Architecture points of variation in a manner
that facilitates test environment reconfigurability. Data driven tests leverage the
reconfigurability of the software within test vectors in a manner to support
portability of the tests across the CPL.

Implementing the vision through test environment reconfigurability

In order to insure that data driven test capabilities are achievable, analysis led
design is essential. Concept, Design, Optimization and Control steps need to be
implemented to insure that the CPL Test Environment Architecture captures the
voice of the customer, is extensible, configurable, and the lifecycle of the test
environment will exceed the lifecycle of the Controls Product Line.

System architectural elements inclusive of build reconfigurability and software
reconfigurability are leveraged through database interactions through
automation processes that drive test environment configuration. Entries in the
database are inclusive of the CPL points of variations necessary to configure
the test environment to effectively interact with the controller. Database entries
inclusive of I/O configuration, controller type, test environment channel,
linearization capabilities, and I/O associations provide the data required to
configure the test bench based upon the controller type, the I/O pin utilization
on the controller, and the feature content based upon build configuration.

Integration
«Harness Config
*El T

Parameter
Association
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Implementing the vision through data driven test capability

Implementation of data driven tests does not insure portability of tests across
the CPL. Tests must be designed for portability by leveraging the points of
variations in the software as well as in the System Architecture. This is
achieved by utilizing the actual software values in lieu of constant values in test
vectors. For example, Ambient Air Pressure High Limit provides the means to
set the upper limit and Ambient Air Pressure Low Limit sets the lower limit of
Ambient Air Pressure. The operational range of Ambient Air Pressure can be
varied by redefining the upper and lower limits. Likewise, Ambient Air
Pressure Low Limit and Ambient Air Pressure High Limit can be used to set
the upper and lower limits on Ambient Air Pressure while maintaining a
constant range, as well. The product line application’s calibration of these
parameters determines the operational range and implementation. However,
despite the variation between CPL applications, testing the functionality of
Ambient Air Pressure on all CPL applications can be achieved through one data
driven test as indicated below:

{

Set Ambient Air Pressure = Ambient Air Pressure High Limit+ tolerance.
Verify that AMBIENT AIR PRESSURE HIGH ERROR is set.
Ambient Air Pressure = Ambient Air Pressure High Limit - tolerance
Verify that that AMBIENT AIR PRESSURE HIGH_ ERROR is reset.

}

To incorporate data-driven test automation, the Test Environment Architecture
must encapsulate the System Architecture points of variation into the test
environment, capturing the range and variances of hardware, software, and
modeling requirements while incorporating standardized end user interfaces
that facilitate portability. A database provides a method to encapsulate the
points of variation of the System Architecture as well as the Test Environment
Architecture. An association database provides the ability to create data driven
tests that are CPL generic, thus providing a portable test across the CPL. For
example, the above test can be modified to the following using the below
database entries:

Using the below data, the new test would appear as:
While PARAM /= NULL && ULIM /= NULL && OORULFC /=NULL;

{

Set PARAM = ULIM + tolerance.
Verify that OORULFC error is set.
Set PARAM = ULIM - tolerance.
Verify that OORULFC error is reset

i
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This test completes the same verification as the original, with the exception that
this test is not limited to just verification of Ambient Air Pressure. This test will
verify all entries in the database that provide PARAM, ULIM, OORULFC
entries. Further modification and reconfiguration of the data and a more
complete test will result in a test that executes based upon the CPL application.

Considerations in implementation of a data driven test environment

Considerations that impact implementation of a data driven test environment
include software and hardware selection, configuration, versioning control, and
maintenance inclusive of toolset selection. Additionally, data management, test
management, configuration, system and system interface documentation,
toolset versioning control, data driven graphical user interface implementation,
complete test automation processes and design, network connectivity in
conjunction with corporate security issues, test environment operating modes in
conjunction with model fidelity requirements and of course the test levels in
which the environment is expected to support all are consideration in the design
and implementation of a test environment architecture. Each of these
considerations impact the concept of the project, the design of the architecture,
the optimization capability of the architecture as well as the control process
capability of the architecture.
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Throughout the CDOC process, consideration to long term maintenance and
support must be included in the design, otherwise, an unmanageable and non
standardized test environment will surface.

Summary

Achieving a Test Environment Architecture that incorporates data driven test
capabilities in conjunction with a Test Architecture that facilitates test
portability requires early Concept, Design, Optimization and Control processes
to address the numerous test environment input parameters. Additionally,
establishing customer council that is consistently and regularly supported by
customers, provides the means to capture unique customer requirements that
drive the standardized test environment architecture design; provide training,
roll out processes, as well as obtain buy-in to the Test Architecture, Test
Environment Architecture and the test automation process that facilitates data
driven testing across the product line.
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Abstract

Customizable requirements-based test models help
to manage the large number of possible feature
combinations of a Software Product Line. This test
design method is applied during software product line
engineering fto create the following customizable test
models: activity diagrams from the use case and
feature models, decision tables from the activity
diagrams, and test templates from the decision tables.
During application engineering these test models are
customized for an application of the Software Product
Line. This test design method was applied by five
graduate students to the software product line
engineering phase of an automated highway toll
system case study.

1. Introduction

This paper describes how customizable test models
for an SPL (Software Product Line) help to deal with
the following problem: How to represent and manage a
large number of possible feature combinations in the
test models of an SPL. The test design method creates
customizable test models from the feature and use case
requirement models of an SPL. These models are
developed during software product line engineering,
and then customized during application engineering for
the individual applications of the software product line.

Section 2 describes related work. Section 3 gives
an overview of the test design method, with examples
from an automated highway toll system SPL. Section
4 describes the application of this method to the
automated highway toll system SPL case study by five
graduate students.

2. Related work

2.1. Software product lines

A family of systems [1], or software product line, is
a collection of systems that have so much in common
that it is worthwhile to study and analyze the common
features before analyzing the features that differentiate
the systems. Several software product line
development methods have been investigated by [2-7].
Software product line development consists of SPL
engineering and application engineering. SPL
engineering is the development of core assets for a
family of systems that comprise the application
domain. Core assets are the requirement, design,
implementation, documentation, tests and any other
artifacts used in the development of the software
product line. Application engineering is the selection
and customization of these assets for an application of
the family. Fig. 1 describes how the development of
the customizable test models fits within a software line
development process. A Customizable test model is
developed along with the Requirements models during
Software Product Line Engineering. Feature-based test
derivation is used to customize the models for an
application of the SPL.

Product Line
Requirements | Software Product
7| Line Engincering

—

s and Analysis

Software Application
Engincering

Application

Requirements
————{ Applica
D

ineer

Executable

application
Executable
Application
—

Customer

Unsatisfied Requirements, Errors, Adaptations

Figure 1 Software Product Line Development
Processes
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In some software product line development
methods feature and use case requirement models are
created during software product line engineering. The
feature model, first introduced by Kang in [8]
describes common, optional and alternative features,
and relationships between these features. The use case
model, first introduced by Jacobson in [9] describes a
behavioral approach to defining software requirements.
A use case groups sequences of interactions that
provide a service of value to an outside user (actor) of
the system.

2.2. Model based testing for single systems

Mayrhauser et al described an automated testing
environment for command-based systems [10]. Object
and command-language definitions that were useful for
testing purposes were extracted from domain models.
Poston [11] described a method to automatically derive
test cases from test-ready object, dynamic, and
functional OMT models. Binder [12] introduced the
extended use case pattern. This pattern was used by
Briand and Labiche [13] to list test paths and
conditions traced from the interaction diagrams of a
use case. Grieskamp et al [14] described how use case
specifications could be transformed into a program
written in an executable specification language, which
can be used to automatically generate test data and test
sequences with a test generator tool.

2.3. Requirements based testing for software
product lines

McGregor [15] introduced a process and
requirements-based test models for software testing of
software product lines. Kamsties et al [16], Bertolino
et al [17] and Nebut et al [18] expanded on this work
by describing and applying three use-case based
testing techniques. Kamsties et al created activity
diagrams from SPL use cases, and then applied
parameterization, fragmentation and segmentation
techniques to these activity diagrams in order to create
reusable test cases. Reuys et al [19] further developed
the creation and customization of use case activity
diagrams [16] with the ScenTED technique (Scenario-
based Test case Derivation) and applied it to an
industrial case study at Siemens.

Bertolino et al [19] used tags to extend use cases
into product line use cases (PLUCs), and then applied
category partition testing strategy on these product line
use cases. Nebut et al [20] created customizable use
case contracts for an SPL, customized these contracts
for an application derived from a SPL, and then
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applied predicate-based testing coverage criteria on
these contracts.

Geppert et al [20] investigated the problem of test
reuse in a software product line. System tests were
parameterized to make them reusable, and a decision
model was used to guide test selection and
customization for an application of the SPL.

This research builds on previous work. An initial
version of a model-based testing method for software
product lines was introduced in [21] and applied to a
hotel management system case study. This model-
based testing method was incorporated into a
standardized software testing process in [22].
However, the initial version of the method did not
scale up to software product lines with a large amount
of feature combinations. This paper introduces a
second version of the model-based testing method
which uses customizable test models to address the
scalability problem.

3. Requirements-based Test Models for an
SPL

In this paper the PLUS (Product Line UML based
Software engineering) feature and use case models [5]
are used to design the test models for a software
product line. In PLUS, the features in the feature
model are mapped to the use cases and use case
variation points using a feature to use case relationship
table. The customizable test models are created during
software product line engineering in three phases,
which are described in more detail below:

e  Create activity diagrams from the use cases,

e Create decision tables from the activity

diagrams, and

e Create test templates from the decision tables.

3.1. Create activity diagrams from use cases

The first phase involves creating activity diagrams
from the use cases and use case descriptions. This
concept has been used in single system testing to help
formalize the use case model [13]. Hierarchical activity
diagrams have been adapted for an SPL in the
ScenTED approach [19]. In ScenTED, decision nodes
and branches associated with a variation point are
stereotyped as variant. A modified branch coverage
criterion is applied during software product line
engineering. The variability is temporarily abstracted
away from the activity diagrams. Then, paths are
traced from these diagrams that satisfy the branch
coverage testing criterion.
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The first phase in this paper also uses activity
diagrams. However, it differs from the ScenTED
approach because it explicitly considers the feature
model by associating features with the variable
elements in the activity diagrams [7]. This aids the
management of variability as follows: (a) An explicit
description of the relationship between a feature and its
related activities aids traceability; (b) defining the
activities associated with a feature in one place aids
maintenance and reuse.

The steps of the first phase are as follows. At first,
variability is ignored and an activity diagram is created
for each use case. Each activity node corresponds to a
step in the use case, and alternative paths are added
using decision nodes and execution conditions. An
execution condition is a controlled variable that affects
the control flow of a path in an activity diagram during
the actual execution of the use case.

Next, the activity diagrams are adapted for an SPL
by considering the impact of each feature. A feature is
associated with one or more use cases or a use case
variation point using the feature to wuse case
relationship table [5]. If a feature is associated with
one or more use cases, a feature condition is added to
the start node of the activity diagram of the use cases
associated with the feature. A feature condition is a
Boolean variable used to customize the control flow of
an activity diagram. It is set to True when the
corresponding feature is selected for an application of
the SPL, and False otherwise.

A feature associated with a variation point is
parameterized and tagged as <generic>. A generic
activity node is a placeholder, or location of insertion
for the activity nodes and / or conditions associated
with a variation point value. The activities associated
with a variation point value are described separately in
a feature to variation point relationship table.

An activity diagram with generic activity nodes is
shown in Fig. 4 for the “Enter toll road” use case of the
automated toll system case study. The “Enter toll road”
use case describes how a vehicle enters a toll road
through a transponder-enabled or ticket-issuing entry
toll booth in Fig. 3. These two types of tollbooth
configurations are represented by the features
“Transponder-enabled Booth” and “Ticket Booth” in
the automated toll system feature model in Fig. 2.

The “Enter toll road” use case has two variation
points: vpBarrier, which corresponds to a barrier
feature which can be raised or lowered in low speed
entry booths, and vpLight, which corresponds to a
traffic light feature which turns amber, or green
depending on whether the vehicle has been authorized
to enter the toll road.
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Figure 2 Automated toll system feature model
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Figure 3 Enter toll road use case
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«generic»
E Warn vehicle
(vpBarrier2, vpLight3)

«generic»
F System resets
toll booth
(vpBarrier1,
vpLight1)

Figure 4 Enter toll road use case activity diagram

An example of a feature to variation point
relationship table is shown in Table 1 for the
automated toll system case study. The barrier feature is
associated with a vpBarrier variation point, which is
present in the Enter toll road and Exit toll road use
cases. This variation point is associated to two
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parameters, which correspond to “Lower barrier” and
“Raise barrier” variant activities.

Table 1 Feature to variation point relationship
table
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enabled toll booth use case. Path 1 has the feature
condition fc: transponder booth, and the execution
conditions: transponder detected and account valid set
to true.

Feature Va.rlatlon Parameter | Parameter Table 2 Decision table for Enter toll road use case
point value
Barrier | vpBarrier | vpBarrierl | Lower barrier Path | Fc: Fc: Ec: Ec: Post:
vpBarrier2 | Raise barrier Transp | Ticket | Transp | Acct Valid
Traffic | vpLight vpLightl Turn light red booth | booth | detected | valid | entry
Light vpLight2 Turn light 1 T - T T T
green 2 T - F - F
vpLight3 Turn light 3 T - T F F
amber 4 - T - -- T

3.2. Create decision tables from activity
diagrams

The second phase involves creating decision tables
from the activity diagrams. The decision tables are
based on the extended use case pattern described in
[12], with some changes incorporating the separation
of concerns ideas described in the previous section.

The steps of the second phase are as follows: A
decision table is created for each use case activity
diagram. Each execution condition in the activity
diagram is added to a column in the execution
conditions section of the table. If the use case activity
diagram contains feature conditions, each feature
condition is added to a column in the feature
conditions section of the table. Post conditions are
deduced by the tester from the use case description,
and refer to observable system states. Each post
condition is added to a column in the post conditions
section of the table.

Each activity node in the activity diagram is
mapped to a sequence of test steps. Generic activity
nodes are mapped to parameterized test step
sequences. The parameters in a parameterized test step
sequence indicate a location where a variable test step
may be inserted or replaced.

Paths are traced from the use case activity diagram
until all edges are covered. A path is a sequence of
activity nodes. If the path traverses a generic activity
node then the path is tagged as <generic>. Each path
is added to a row in the decision table. If the path
traverses a condition, the value of the condition (True
or False) is entered in the row, column intersection of
the table.

A decision table for the “Enter toll road” use case is
shown in Table 2, for four paths traced from the
activity diagram in Fig. 4. Path 1 (B-C-D-I-F) is the
main scenario of the Enter through transponder-

3.3. Create test templates from decision tables

The third phase involves creating test templates
from the decision tables and paths traced from the
activity diagram. Each path (row) in the decision table
is mapped to one test template. The execution
conditions, feature conditions, path traces, and post
conditions become the initial conditions, test steps, and
post conditions of the test template.

If a path (row) in the decision table is tagged as
generic, a customizable (generic) test template is
created for that row. The generic test template contains
a parameterized test step sequence. Table 3 shows an
example of a generic test template for Path 1, Table 2.

Table 3 Generic test template for main scenario of
Enter toll road use case
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Name 1. Enter Toll Road use case Transponder -
Main <generic>

Feature  |TransponderBooth = True

conditions [TicketBooth = True or False

Execution |TransponderDetected = True

conditions JAccountValid = True

Test steps

B <Input> System detects customer approach

C <Input> System detects transponder
<Input> System writes entry data to
transponder (in location, in time)

D System checks transponder account

I <Output> System authorizes vehicle to pass
$vpBarrier2
$vpLight2
<Output> System detects that vehicle has

F assed and resets booth
$vpBarrierl




$vpLightl
IPostconditi |[VehicleEnteredRoad = True
ons VehicleAuthorized = True

The generic activity nodes I and F of Fig. 4 are
mapped to parameterized test sequences in Table 3. A
$ in front of a test step indicates that this step will be
replaced by the value of a variation point parameter in
Table 1, if the feature associated with the variation
point is selected for an application of the SPL.
Otherwise, this test step is ignored.

3.4. Customization of Test Models

The activity diagram, decision tables and test
templates are customized by selecting a set of features
for an application of the SPL. Test data is generated to
satisfy the execution conditions of each test template.
For example, suppose that the barrier and the
transponder-enabled booth features are selected for an
application. The “I. [Enter Toll Road use
case_Transponder - Main <generic>" test template
would then be selected for the application, and the test
steps corresponding to activity nodes I and F in that
template would be customized as shown in Table 4.

Table 4 Section of customized test template

I <Output> System authorizes vehicle to pass

<Output> System raises barrier

<Output> System detects that vehicle has
F assed and resets booth

<Output> System lowers barrier

Test data would then be generated to satisfy the
execution conditions of the test template.

4. Application of Test Design Method to an
Automated Toll System Case Study

Five graduate-level participants applied the three
phases of this method to the feature and use case
models of an automated toll system case study. The
purpose of the study was to observe whether the
method was usable and practical: Can a graduate
student with some background in SPL modeling
methods correctly apply the test design method on a
realistic problem within a reasonable amount of time?

Each participant had created requirements models
for an automated highway toll system software product
line as part of a group project. The use case models
consisted of between eight and fourteen use cases, and
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the feature models consisted of between twenty and
twenty-four optional and alternative features.

In the first phase, each participant was given
detailed instructions describing the method to create
activity diagrams. Each participant was then asked to
create activity diagrams for all use cases in the use
case model. In the second and third phases, the
participant was given detailed instructions describing
the method to create decision tables and test templates.
Each participant was asked to create a decision table
and test templates for the “Enter toll road” use case as
well as its included and extension use cases.

Each phase was scheduled to take about two weeks.
During that time, participants were encouraged to ask
questions and to get help correcting the models. A
researcher observed which instructions caused the
most misunderstandings by responding to questions
and evaluating the correctness of the test models.

The participants were able to create the test models
within the allotted time. Most participants were able to
correct their models after the researcher pointed out
misunderstandings (ignoring or incorrectly interpreting
an instruction). Most misunderstandings were on how
to describe and map variation points to the test models.
This mapping was done manually in all phases of the
method.

5. Conclusions

This paper has described a method for developing
customizable test models from the requirements
models of an SPL, and the application of the first three
phases of that method (creating activity diagrams from
use cases, creating decision tables from activity
diagrams, and creating test templates from decision
tables) to an automated highway toll system case
study. The fourth, fifth, and sixth phases are the
customization of the test models for an SPL-based
testing strategy, the generation of test data for the
customized test templates, and the testing of the
applications derived from the SPL, as described in
previous papers [21, 22]. We plan to continue our
research into customizable requirements-based test
models of SPLs by investigating how separation of
concerns could assist in the process.
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Abstract

Recently, one arguing question in the context of
product line development is how to improve the
modularization and composition of crosscutting
features. However, little attention has been paid to the
closely related issue of testing the crosscutting
features. This paper proposes a verification approach
for the crosscutting features of a product line based on
the use of a previously proposed concept called
Extension Join Points.

1. Introduction

Framework technology has been widely used in the
development of software product lines (PL) as a way of
enabling systematic reuse-in-the-large. OO frameworks
allow feature' modularization and composition, and
offer extension options to target applications. Besides
their advantages, some researchers [6, 20, 25] have
recently described the inadequacy of OO mechanisms
to address the modularization and composition of many
framework features, such as, optional, alternative
crosscutting features.

Crosscutting features represent concerns that are not
well modularized in OO implementation. They are
often spread over several modules of a software system
and tangled with other features’ implementation.
Examples of such features are: security and transaction
management. Hence, it is difficult to write a unit test
for such features since there is no specific unit to be
tested [8,17].

Aspect-oriented software development (AOSD) [11,
12] has emerged as a technology which aims at

improving the modularization of crosscutting concerns.
Recent work [2, 14, 15, 22] have been exploring the
use of aspects to improve the modularization of
crosscutting features in product lines.

While AOSD provides an effective way for
modularizing crosscutting concerns and consequently
providing a “unit” upon which a unit test can be
defined, it brings new challenges to software testing.
The new programming constructs provided by aspect-
oriented languages are sources for new types of
programming faults. Alexander et al [1] defined an
initial candidate fault model for AOPs with new classes
of AOP-specific faults, in addition to faults that can
exist in object-oriented systems such as Java.

In a previous work [15], we have presented an
approach to systematize the extension of OO
frameworks by means of aspects. Aspects are used to
modularize optional, alternative and integration
crosscutting features encountered in the
implementation of OO frameworks. According to this
approach, the aspects introduce crosscutting features in
the framework core by means of Extension Join Points
(EJPs) [15].

This work proposes a verification approach for
crosscutting features, complementary to the framework
development approach proposed in [15]. A verification
approach comprises techniques that aim at removing
faults during the development phase [5]. Such
techniques can be classified, according to whether they
involve executing the system or not, as dynamic
verification techniques (i.e testing) and static
verification  techniques (i.e code inspection),
respectively [5]. The verification approach proposed in
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this paper is structure in five steps, which comprises
dynamic and static verification techniques.

The remainder of this paper is organized as follows.
Section 2 presents background by showing the basic
concepts of AOSD and revisiting some research work
on product line testing. Section 3 discusses briefly our
framework development approach based on AOP and
extension join points (EJPs). Subsequently, Section 4
illustrates a case study in which EJPs were
implemented using Aspect]. Section 5 presents our
verification approach for crosscutting features that
relies on the use of EJPs. Related works are presented
in Section 6. Finally, Section 7 summarizes our
contributions and provides directions for future work.

2. Background

This section briefly revisits the basic concepts of
AOSD and research work on product line testing
methodologies.

2.1 Aspect Oriented Software Development

Aspect-oriented software development (AOSD) [12,13]
supports the modularization of crosscutting concerns
by providing abstractions, called aspects, to extract
these concerns and later compose them back when
producing the overall system. Such abstraction is called
aspect.

Aspect] [4] is an implementation of AOP for the
Java programming language. The aspect abstraction in
Aspect] is composed of: inter-type declarations,
pointcuts and advices. Inter-type declarations specify
new attributes or methods to be introduced in specific
classes. Joinpoints are well-defined locations within the
base code where a concern can crosscut the application.
Examples of join points are method calls and method
executions. Aspect] pointcuts are expressions that
match collections of join points. Finally, advices are a
special method-like construction of aspects which are
used to attach new crosscutting behaviors along the
aspect pointcuts.

2.2. Software Product Line Testing

According to product line testing methodologies
proposed so far [21, 23, 13], product line testing should
be done at three main levels: at unit (or component)
level, at integration (or feature) level, and at system
level. Features are a suitable integration criteria since
the instances of a product line often differ basically in
the availability of product line features.
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Current approaches propose general guidelines to
structure the whole process of product line testing. For
instance, they state that the tests defined for the core
assets, at any one of these levels, should be treated as
core product line assets and managed consistently; and
that such tests may be fully or partially reused across
versions of the product line and at specific products.
However, there is still a lack of techniques to help
developers in the low level design of tests at each level.

In this work, we propose a feature-level testing
technique and complementary manual and automatic
inspections techniques for crosscutting features. Such
techniques rely on the use of the extension join points
detailed in the next section, and are structured in a
verification approach detailed in Section 5.

3. A Framework Extension Approach

In a previous work [15], we have proposed a systematic
approach for framework extension by means of aspects.
In our approach, we defined the concept of Extension
Join Point (EJP). The EJP consists on a unified way of
designing and documenting existing crosscutting
extension points. It provides new means for extending
framework core functionality, introducing optional and
alternative crosscutting features. EJP represents a new
kind of framework hotspot, different from the well-
known object-oriented extension points. Figure 1
illustrates these two kinds of framework hotspots.

Object-Oriented
Hotspots

<<extension aspect>>
Legend: Crosscutting
-- > crosscuts Feature
—JP uses

Figure 1: OO hotspots x Extension Join Points.

The object-oriented hotspots are usually represented
as abstract classes that should be extended, or
interfaces that should be implemented during
framework instantiation. On the other hand, the EJPs
represent framework hotspots that will be used by
aspects that will implement a crosscutting feature in the
framework. We call extension aspects, the aspects that
address the implementation of a crosscutting feature, as
shown in Figure 1.
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The EJPs are inspired by a recent study performed
by Sullivan et al [26] which proposes the use of an
interface between the base code and the aspects, called
crosscutting interfaces (XPIs). EJP extends the concept
of XPI to the context of framework development. The
EJP comprises different attributes from the ones
proposed by Sullivan in the XPI specification. It also
defines a set of internal and extension contracts which
regulates the relationships between the framework and
the extension aspects (Figure 1).

Each EJP is composed of the following elements:
(i) a name that is represented by the aspect’s name; (ii)
a scope which defines all the framework elements that
are “encapsulated” by the EJP; (iii) a set of crosscutting
extension points, which specifies the framework join
points that represent relevant events or transition states
occurring during the execution of the framework
functionalities; and (iv) a set of internal and extension
contracts.

The framework internal contracts define constraints
whose purpose is to assure that framework refactorings
and evolution do not affect the functionality of its
extension aspects. They are classified in the following
categories:

e Structural: which aims to guarantee the
framework implements specific interfaces defined
by the EJPs; and

® Behavioral: which assures the framework EJPs
comprises all and only the framework events (or
states) that the EJP is intended to expose.

The framework extension contracts are used to
assure that each extension aspect respects constraints
and invariants of the framework. The following
categories were defined:

e Structural: these contracts assure that aspects
only extend the framework join points exposed by
the EJPs, and specify the framework classes
methods that can be invoked by the extension
aspects; and

® Behavioral: define specific pre- and pos-
conditions that must be preserved before and after
the execution of extension aspect advices.

Tables 1 and 2 show different Aspect] mechanisms

that we have used to implement these contracts.

Contract
Type AspectJ Implementation
Specification of interfaces that must be
Structural implemented by framework classes. The

obligation to implement these interfaces is
assigned by the EJPs using the declare
parents inter-type construction  of
Aspectd. The interfaces are also declared
inside the aspects that represent the
EJPs.
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Implementation of enforcement policies
guaranteeing that the extension join points
are called only and in all appropriate
places inside the framework. This contract
can be specified using declare
warning and declare error Aspectd

Behavioral

statements.

Table 1. Framework Internal Contracts.

Contract
Type AspectJ Implementation

It is possible to define AspectJ contract to
restrict the framework classes’ methods
that can be accessed inside the extension
aspects. There are two different ways to
specify it: (i) using declare warning
and declare error Aspectd statements,
which allow the static verification of
policies; and (i) by defining advices which
intercept every advice execution that
realizes calls to the framework classes’
methods. The adviceexecution()
pointcut designator is used to intercept the
advices execution.

This contract defines pre- and pos-
conditions that must be assured before
and after the advice execution. These
contracts are also defined using
adviceexecution () pointcut designator

Structural

Behavioral

to intercept the advices execution.
Table 2. Framework Extension Contracts

Due to a current limitation of the Aspect] it is not
possible to automatically assure that aspects only
extend the framework join points exposed by the EJPs.
Hence, to assure it, the developers must follow the
programming practice of using only pointcuts specified
in the EJP!, which will be checked during manual
inspections.

4. Case Study: Game SPL

In this case study, we used EJPs to support the
implementation and test of the crosscutting features of
a software product line (SPL) for games in cell phones
[2]. Due to space limitation, this section briefly
describes the implementation of EJPs. For a complete
description of the EJPs implementation and extensions
aspects please refer to [15].

The overall structure and behavior of this product
line are defined by a framework known in this domain
as the game engine. Essentially, the game engine
consists of a state machine whose state changes
according to the elapsed time and user input - through

: Larochelle et al [16] have proposed a mechanism, called join point
encapsulation, which aims to prevent selected join points from being
modified by aspects. Since this mechanism was implemented only to
previous versions of Aspect], we did not have the chance to
experiment it in our case studies.
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the device keypad. The state changes affect the state of
various images on the game screen, which, as a
consequence, should be re-drawn.

An important variability issue in this SPL is flipping
images of game object images (such as enemies,
dragons, and weapons) on the game screen. How an
image can be flipped varies according to the device in
which the game is executing. Some devices have built-
in flip API and others have not. For those devices that
do not have a built-in API, specific flipping algorithms
had to be defined.

The flipping feature is crosscutting since it depends
on image drawing events which are spread over a set of
framework modules. We implemented this crosscutting
feature according to the framework development
approach proposed in [15] and detailed in Section 3.

e

MidletController

Fire

Enemy

’

A8 “\ g /
n

EJP-Related Elements ¥

QP 5

<<interface>>
Drawable

<<interface>>
ImgLoader

<<crosscuts>>
| <<CI'OISSCUtS>>

<<ejp>>

. <<ejp>>
DrawingEvents

ResourceEvents

+ pointcut: drawinglmage() [T + pointcut: loadinglmage()
<<uses>> <<uses>> <<uses>>
<<aspect>> <<aspect>>
AutomaticFlip lip

+ _drawinglmage_() + loadinglmage_()

Crosscuting Features

Legend:
<<uses>> an aspect uses the pointcut definedby an EJP.
<<crosscuts>> an aspect intercept methods of an element.
_pointcut_ around advice
pointcut_ after advice

Figure 2: Crosscutting features implementation
according an EJP-based approach.

According to this approach, before implementing
the crosscutting features a set of EJPs are defined to the
framework. The EJPs comprises a set of framework
events that will be of interest when implementing the
crosscutting features. The crosscutting feature is then
represented by an aspect that reuses (and may
specialize) a set of events exposed by the EJPs.
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Figure 2 illustrates a subset of the EJPs and
crosscutting features defined for the game engine
framework. The DrawingEvents EJP comprises all the
drawing events defined across the framework, and the
ResourceEvents EJP comprises the image loading
events — the image is loaded at the beginning of the
game. The ManualFlip and the AutomaticFlip
aspects implement the crosscutting features of
automatically and manually flipping an image, for
devices that have and have not built-in flip API,
respectively. Those aspects depend on the
DrawingEvents and ResourceEvents EJPs, which
exposes the image drawing and image loading events.

According to the EJP-based development approach,
besides exposing a set of framework events, the EJPs
also define the set of interfaces that should be
implemented by framework elements. Such interfaces
are responsible for firing the events exposed by EJPs.
As a consequence, every framework component whose
events should be intercepted by crosscutting features
should implement one (ore more) of these interfaces.
Hence, the EJPs do not directly access the framework
elements, but the interface that these elements
implement. Such architectural decision improves the
testability of the crosscutting features since it supports
the unit test of such features through the definition of
mock objects as detailed at step 3 of next section.

Figure 3 illustrates the partial code of the Drawable
interface and the DrawingEvents EJP. In lines 8-9, the
DrawingEvents EJP defines the set of elements inside
the framework that should implement the Drawable
interface - via inter-type declaration of AspectJ [15].

. public interface Drawable {
public int getWidth();
public void drawlImg(Graphics g, int ofsX);

U W N

6.public abstract aspect DrawingEvents {

8. declare parents: Enemy implements Drawable;
9. declare parents: Fire implements Drawable;

11./**

12.* The purpose of the drawingImage PCD is to
13.% exp s to meth that draw i
14.* of ga =ns that mov round the game s
15.%/

16. public pointcut drawingImage (Drawable d, int
17. offSetX, Graphics g)

18. execution (public void Drawable.drawImg (
19. Graphics, int)) && this (d) &&

20. args (g, offSetX);

21

}

Figure 3: Partial code of the DrawingEvents EJP
and Drawable interface.
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The game engine framework detailed in this section
is used in the next section in order to exemplify the
steps of our verification approach for crosscutting
features.

S. The Approach

A crosscutting feature can be broken down in two
major parts: what the feature does and where it is
applied. The faults discovered in a crosscutting feature
can arise from one of the following sources”: (i) bugs in
the crosscutting feature logic; (ii) inaccurate pointcut
designator which intercepts a wrong set of join points;
(iii) an emergent property created by interactions
between the crosscutting features and the base code;
and (iv) faults in the core components themselves.

This section presents a verification approach for the
crosscutting features of a product line composed by
five steps, as illustrated in Figure 4.

Inspect EJPs' Pointcut
Expressions

Define EJP's Framework
Extension Contracts

Steps applied per EJP

Mock each Object
Intercepted by EJPs

Test Crosscuting
Feature Logic

Steps applied per
Crosscuting Feature

Test Crosscutting Feature

Composition Behavior

Figure 4: The crosscutting feature verification
approach steps.

One of the hardest issues about assuring the quality
of a crosscutting feature is to check whether the places
where the crosscutting features apply are correct.
Checking all the places affected by a crosscutting
feature can be a daunting task, specially if we need to
check its negative scope (i.e check whether there is any
accidental inclusion of a point to be intercepted). To
help developers in finding faults on pointcuts, we
supplemented our approach with steps of manual and
automatic inspections based on the use of EJPs (Steps 1
and 2)

This approach aims at finding faults of types (i) (ii)
and (iii) defined previously. Steps 1 and 2 aim at
finding faults of type (ii). Step 3 implements a test
infrastructure to be used in Step 4 which detects faults

2 There are faults that emerge from a property created when more
than one aspect affects the same element in the base code. However,
this kind of fault can not happen in a feature unit test scenario, in
which one feature is tested at a time.
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of type (i). Finally, Step 5 looks for bugs of kind (iii).
In order to detect faults of type (iv) traditional OO
testing techniques can be applied to the PL context.

Step 1: Inspect EJPs’ Pointcut Expressions

For each EJP defined for the system, the developer
should check whether the EJP pointcuts intercept the
correct places and only them. In order to accomplish
this, the developer can wuse the crosscutting
visualization tools available at AJDT (the most used
AOP IDE). It can also use string matching algorithms
to calculate the distance between the pointcuts and the
join points in the system and verify whether there is
any accidental inclusion of a point to be intercepted
[17, 3].

This step is very time consuming since there is not a
fully automatic way to detect this kind of faults [17].
According to our strategy, however, only the EJPs have
to be inspected and the crosscutting features only need
to reuse them. Figure 5 illustrates the code of
aspect that reuses the pointcut
descriptors defined in the DrawingEvents EJP (line 5)°.

AutomaticFlip

. public privileged aspect AutomaticFlip {

1

2.

3. void around (DrawingEvents.Drawable d,

4. int offSetX, Graphics g):

5 DrawingEvents.drawingImage (d, offSetX, g) {
6
7
8

//1f the speed is negative this means that
//the image must be re-drawn in the opposite
9. //directions it must be flipped.
10. if (d.getXspeed() < 0) {
11. //code to flip the image using device API
12. e
13. 1}
14. //Otherwise,it is re-drawn without flipping
15. else {
16. proceed(d, offSetX, g);
17. }
18.}

Figure 5: Partial code of a crosscutting feature.

If the EJPs were not used to mediate the relationship
between the core and the extension aspects, every
extension aspect would have to be inspected thus
compromising the scalability of the approach. The
techniques presented at this step are not sufficient to
verify pointcut expressions that involve complex
dynamic conditions, which depend on the execution
stack. Such expressions can only be verified after
weaving. Steps 4 and 5, detailed next, can help
developers in detecting such kind of faults.

Step 2: Define EJPs’ Framework Extension
Contracts

3 The proceed() command that appears in line 17 is an Aspect]
specific command that executes the intercepted method.
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Since we have inspected the set of pointcut expressions
defined by the EJPs, now we need to assure that each
extension aspect will respect the constraints and
invariants of the framework. In order to do it the
developer should define a set of EJP’s framework
extension contracts.

As detailed in Section 3, these contracts can be
checked during manual inspections, verified at
compilation time or runtime. The EJP’s contracts
evaluated in runtime act as test oracles, since they will
alert the developer when a contract is violated during
feature-test executions.

Figure 6 illustrates a contract associated to the
DrawingEvents EJP shown in Figure 3. This contract
states that the crosscutting extension features,
represented in this case study by Manualrlip and
AutomaticFlip aspects, are not allowed to access
framework elements besides Drawable, ImgLoader,
Graphics types - which are EJP-related interfaces and is
a parameter of an intercepted method, respectively
(Figure 3, lines 16-20).

1. public aspect DrawingExternalContractChecker {
2. // Framework Scope - Calls Not Allowed

3. public pointcut FWScopeNotAllowed () :

4. call(* ! (Drawable| |Graphics| |ImgLoader).*(..))
5. && call (* gameenginecore.*.*(..));

6.

7. public pointcut aspectsPackages():

8. within(extensionaspects..*);
9.

10. declare warning:

11. FWScopeNotAllowed () && aspectsPackages():
12. "Extension aspects are accessing \

13. internal framework details";

14. }

Figure 6: Extension contract checked at compilation
time.

The FrScopeNotAllowed () pointcut (line 3) denotes
calls to framework internal types that should not be
visible to the extension aspects. The
aspectsPackages () denotes calls within such aspects.
Both FWScopeNotAllowed () and aspectsPackages ()
pointcuts are composed in a declare warning Aspect]
command (lines 10-14). This command warns at
compilation time if any extension aspect tries to use a
framework class or interface different from those
defined in the FWScopeNotAllowed () pointcut.

The PL developers can define extension contracts as
complex as needed. We are currently investigating
simpler ways of defining interaction rules, thereby not
requiring the developer to learn too complex Aspect]
constructs.

Step 3: Mock each object intercepted by the EJPs
Mackinnon et al [19] proposed the Mock Object test
design pattern [7], and since then, Mock Objects have
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been recognized as a useful approach to the unit test
and design of object-oriented software. A Mock Object
is a regular object that acts as a stub, but also includes
assertions to instrument the interactions of the fake
object with its neighbors.

The Mock Object allows the unit test of a
component that depends on others which may not be
implemented yet. This is exactly the scenario that we
find when testing a crosscutting feature that affects
hotspots that will only be implemented by PL products.

This third step states that the PL developer should
define mock objects of the code intercepted by the
EJPs. Both the real object and its mock version should
implement the same interface. Since the EJP only refers
to an object by its interface, it can remain ignorant of
whether it is intercepting the real object or the mock
object. The affected code can be a core asset or a
framework object-oriented hotspot.

One mock object should be created for each
interface intercepted by the EJP. In the case study we
implemented mock objects for the prawable, and
ImgLoader interfaces. These mock objects can be very
simple: classes which contain empty implementations
of the methods specified by an interface. Or more
complex components which can be automatically
generated and also include assertions to improve tests
diagnoses. Figure 7 illustrates a simple implementation
of a mock object created in this case study *.

public class MockDrawable implements Drawable {

public int call_getWidth() {
getWidth () ;

}

public void call_drawlImg(Graphics g,int ofsX) {
drawImg();

}

public int getWidth() {}

public void drawlImg(Graphics g, int ofsX) {}

= 0o -J0 U WN

Figure 7: Mock object code.

Step 4: Test the Crosscutting Feature Logic

The set of Mock Objects defined in the previous
step is used at this step to enable the testing of
crosscutting features logic. At this step the crosscutting
feature is weaved with one (or more) mock objects and
the methods of the resultant component (weaved mock
object) are unit tested using an OO testing framework
(such as JUnit).

4 The MockDrawable class includes one extra method to each

method specified by the Drawable interface. These methods were
necessary due to specific characteristics of Aspect] language: these
methods capture the crosscutting behavior included through advices
associated with call pointcuts — for more details about call pointcuts
the reader should refer to [4]. Only these extra methods are unit
tested in Step 4, since the others are called by them.
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Moreover, the Mock Object can also simulate some
error conditions (i.e throw of an exception) on the base
code [19]. As a consequence, it allows the developer to
test the crosscutting features under abnormal
conditions. Some crosscutting features, when exposed
to abnormal conditions, execute statements that throw
exceptions, and as a consequence might cause
undesired modifications in the system control flow.

At this step, the developer can use well known OO
testing criteria to test crosscutting features’ logic —
embedded in each method of the weaved mock object:
statement coverage, branch coverage, condition
coverage, and dataflow coverage [24].

Since the testing criterion specifies the conditions
that must be covered during tests, helping the
developer select the test cases and decide whether the
software has been adequately tested, it would be very
useful to use EJP-specific test criteria at this step.
However, we are still investigating the definition of
possible EJP-based criteria.

Step 5: Testing Crosscutting Feature Composition
Behavior

The crosscutting feature composition behavior results
from the interaction between the crosscutting feature
and the base code (arises after weaving) [18]. This step
aims at checking the behavior of functionalities
affected by the crosscutting feature against their
specification - as if the developer would do if the
crosscutting feature code were scattered among
affected features. Thus, the test should fail if the
crosscutting feature misbehaves or does not apply at
the specified points.

This kind of tests reveals faults that just occur when
the features interact. However, it is difficult to diagnose
a failure detected in such tests, since the cause can be
in the crosscutting code, in the base code, or the
crosscutting code not being applied in the appropriate
place.

According to Colyer et al. [9] the crosscutting
concerns should be classified as: orthogonal, altering,
and stateful. Orthogonal aspects do not change control
or data dependencies in the system (i.e logging).
Altering aspects change control flow or data flow of a
system. (i.e aspects using around advice). A stateful
aspect has behavior that depends on an aspect attribute
or introduced object attributes. When a non-orthogonal
aspect is weaved with the base code, existing test suites
may be missing in covering the feature resulting
behavior. Thus, a new set of test cases needs to be
defined to each effected feature in order to cover such
behavior.
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This process is costly; however, the test suites will
be used during the tests of each PL product. We are
currently investigating ways of reducing the test cases
must be re-run when a crosscutting feature is added to
the base code.

6. Related Work

Research on testing aspect-oriented programs [27, 28,
3] has been focused on code-based unit and integration
testing, automated test case generation, and the
definition of an AOSD fault model. Some of these
works can be used in our testing approach. For
instance, Xie et al have proposed a framework for
generating test inputs for Aspect] programs [27], Step
4 could be extended in order to incorporate the test
generation solution proposed by them. Zhou et al. [28]
have proposed an algorithm based on control flow
analysis for selecting relevant test cases, this technique
could be applied on Step 4 and 5 in order to select the
test cases to be executed.

7. Conclusions and Future Work

In this work, we have proposed a systematic approach
for detecting faults in crosscutting features
implemented by means of aspects. In particular, our
approach is complementary to a framework
development approach proposed previously, which
addresses the modularization of optional, alternative,
and integration framework crosscutting features by
using AO techniques. Our verification approach is
composed of five complementary steps (Section 5)
ranging from aspect pointcuts inspections to the unit
test of every crosscutting feature using mock objects.
Moreover, a set of contracts can be defined to
guarantee an adequate interaction between the
framework core, the EJPs and the extensions aspects.
Thus, different types of faults can be detected by using
these different mechanisms of software testing.

As our approach is still under development, we
intend to refine it by addressing the testing of different
software product lines or software family architectures
implemented using aspects. Also, the development of a
testing tool supporting the generation of many elements
(mocks, aspect unit testing) from the approach is under
investigation.
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Abstract -- Orthogonal Defect Classification (ODC)
extracts two key measurements from defects: the defect
Type and the defect Trigger. The cross product of the defect
Type and the defect Trigger tell us what force (Trigger)
made which fault (Type) surface. This provides the core to
a measurement on the effectiveness of test. These insights
and quantification allow us to assess the tools and methods
used in test, and guide us in improving the test process.

Introduction

Software test productivity and its measurement remains
blurred. While there are a number of measurements used in
the practice, none are definitive or complete, and this
remains an area of research. A few of the popular measures
used are: number of test cases run, percent regression, cov-
erage, defects found, software reliability, etc. While all
these measures provide some measure of goodness, they all
suffer from a common weakness, namely they are inciden-
tal to the fault detection process itself.

This paper delves into the activation process of faults and
uses two attributes from orthogonal defect classification to
create a measure of the effectiveness of test.

What’s ODC?

Orthogonal Defect Classification (ODC) uses the defect
data as an information source on the development process
[1]. ODC extracts the semantic information from the defect
and turns it into a measurement on the process. The differ-
ent attributes in ODC measure different aspects of the
development process. While each defect is categorized by a
pre-defined attribute value set, the distributions of these
attributes yield measures on the product and the process.

Figure 1. shows a subset of the major attributes in ODC
Version 5.30 [5]. The defect Type measures the advance-
ment of the product through the development process. The
seven values for design and code are: Assignment, Check-
ing, Timing, Relationship, Interface, Algorithm, and Func-
tion. Trigger measures the nature of testing being
conducted and Table 1 lists the Triggers. These values have
been carefully designed to provide a measurement on the
process through their distribution as a function of time or
process phase.

While the Type and Trigger can be associated with
“cause”, the attributes of Impact, Severity, Source and Age
are associated with “effect”. Collectively these attributes
capture a significant amount of information from individual
defects. When these data are aggregated over several

“Cause” “Effect”
attributes attributes
IMPACT &
TRIGGER SEVERITY
measures measure
Testing Nature and

degree of pain

DEFECT

DEFECT TYPE
measures
Development
progress

SOURCE & AGE
Describe
Origin and Legacy

Figure 1: ODC attributes extracted from each defect collec-
tively yield relationships and measures across key areas of
the development and test processes.

defects they not only provide measurements of their respec-
tive areas, but also create a relationship between cause and
effect that can provide a process diagnostic. One of the
popular uses of ODC is to yield a 10x reduction in the cost
and time of doing process level root cause analysis. [4]

Test Effectiveness

How does ODC measure test effectiveness? It does this
through the cross product of the defect Type and Trigger
distributions as shown in Table 1. To understand this, we
need to recognize a couple aspects of what the Type and
Trigger measure.

Defect Types tell us the kind of faults uncovered by test,
and the Triggers tell us the kind of force necessary to sur-
face the fault. Since the Type distribution tells us how the
product is evolving in the development process, we can
access whether we are finding the right faults at the right
time. However, that is also partly dependent on the nature
and quality of inspection and test. The Trigger distributions
tell us what part of the testing process we are in, as opposed
to what we think we are in. Just as the Type measures the
progress of a product through the development process, the
Triggers tell us of the advancement in the testing space. For
instance, if the Trigger distributions show a preponderance
of hand Triggers during the system test phase we know that
testing has not really advanced to the system test phase.
The case studies in [2] and [3] provide an insight in the use
of Triggers for real world problem solving.

There is a relationship that can be evaluated between
Types and Triggers which tells us of the likelihood of cer-
tain Triggers surfacing certain Types. Once we recognize
the Type-Trigger cross product as a measure of the effec-
tiveness of test, there are a family of measures that can be
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computed for test effectiveness. We can develop measures
either by phase, lifecycle, product, product line, release, or
nature of legacy. When these data are further conditioned
by an impact category, the measures of effectiveness can be
extended to factor in risk and customer satisfaction. For
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instance, if there is a concern about reliability in a release,
these data allow us to evaluate the most effective test meth-
ods that find faults that cause a reliability impact. Similarly,
this notion can be used to access the efficacy of a new test
method - such as, say, static analysis.

TABLE 1 - The cross product of defect Type and Trigger yields insight into the effectiveness of test and verification in
activating faults. Triggers group into subsets of “head”, “hand”, and “foot” which are associated with inspection, function
test, and environmental test respectively. These subset help measure phase containment. When further divided by specific
Triggers they measure the effectiveness of the phases in surfacing specific types of faults.

Columns: Def ect Type Trigger Assignment | Checking | Timing | Relationship | Interface | Algorithm | Function
Rows: Triggers Group

Design Conformance Head

Logic Flow Head

Backward Compatibility Head

Lateral Compatibility Head

Concurrency Head

Side Effects Head

Rare Situations Head

Internal Documents Head Empiricgl data helps ys build a|model of
Language Dependency Head the likelihqod of a particular Trigger activat-
Complex Path Hand process, wg learn the likelihood of Triggers
Coverage Hand supplementing other Triggers. Thys, we go
Variation Hand z: 3’10;:“;); d;]Cen:UIILdllllLCllL IO TCUICUIOIT
Sequencing Hand

Interaction Hand

Workload Stress Foot

Recovery, Exception Foot

Startup, Restart Foot

Hardware Configuration Foot

Software Configuration Foot

Blocked Tests Foot
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» J. J. Williams: Considerations in Developing a Controls Product
Line Test Architecture Implementation

» E. Olimpiew, H. Gomaa: Customizable Requirements-based
Test Models for Software Product Lines

* R. Coelho, V. Alves, U. Kulesza, A. Costa Neto, A. Garcia, A. v.
Staa, C. Lucena, P. Borba: On Testing Crosscutting Features

spl_ using Extension Join Points
1]

zunﬁ Baltimore, August 22, 2006

Acjariczl - Afisrrioor]

Lunch break (12:00 — 13:00)

13:00 — 13:30 Invited speaker

* Ram Chillarege (Chillarege Inc.):
ODC crystallizes Test Effectiveness

13:30 — 14:00 Breakout session topic selection

14:00 - 16:15 Breakout session
— 15:00 Refreshment Break

16:15 — 17:00 Results/group discussion and wrap-up

W Q)
17:00 — 19:00 SPLC Conference Reception

SPLiT

zunﬁ Baltimore, August 22, 2006




ONENASIRUINITERE

* Don’t forget the Sticky Notes: please write
down ideas/topics/open issues you think
are worth discussing in the afternoon!

SPLiT

2““5 Baltimore, August 22, 2006

AP EREESERAlONS

10:30 - 10:50
S. Reis, A. Metzger, K. Pohl: A Reuse Technique for
Performance Testing of Software Product Lines

10:50 - 11:10
J. J. Williams: Considerations in Developing a Controls Product
Line Test Architecture Implementation

11:10 - 11:30
E. Olimpiew, H. Gomaa: Customizable Requirements-based Test
Models for Software Product Lines

11:30 - 11:50

R. Coelho, V. Alves, U. Kulesza, A. Costa Neto, A. Garcia, A. v.
Staa, C. Lucena, P. Borba: On Testing Crosscutting Features
using Extension Join Points

SPLiT

2““5 Baltimore, August 22, 2006
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Software by Bosch

' /\l

ven o} (O 4 Q)
1886 1980 1990 2000
1st Digital 1st 1st Car 1st 1st

> Software is a|nmRjordousinéss fdrvBoschsP | | ACC
Controller

> Software allows the realization of
« cCOMplex systems
« Specific quality goals

>
>
y
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Software Product Lines @ Bosch

(\ PLA

> Product line initiative started in 2000
> Launched several new successful product lines
> Deciding factor: scoping and architectural work

—
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Automotive Software Specifics

> Safety relevance
> Complexity
> Market

-
4 CR/AEA | 2006-08-02 | © Robert Bosch GmbH reservesall rights even in the event of industrial :' D \ Bos c H
property rights. We reserve all rights of disposal such as copying and passing on to third parties. '\_




The testing challenges

> Testing is key future challenge

> Technical challenges vs.

> Hypothesis: Business
impact of testing not
well understood

TN
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Establishing Testing as a well regarded practice

=
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Establishing Testing as a well regarded practice

> Developers don't like 4
to break their software

> Testing considered @ @

unproductive by. Mgmt. ,
late rework /4

> We need to understand the business impact and
appreciate the business value of testing

—
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The business impact of testing

> Business impact: the impact on the attainment of
business goals! —

. Decrease time-
' to-market by 25%

(@ Decrease cost per

\ ' product by 15 %
Testing “ ” p

(@ Decrease total cost

&' of quality by 10 %

. Increase low cost
market share by 20 %

-
8 CR/AEA | 2006-08-02 | © Robert Bosch GmbH reservesall rights even in the event of industrial :' D \ Bos c H
property rights. We reserve all rights of disposal such as copying and passing on to third parties. '\_




Controlling the growth of variability

. Increase
Testing TesTll .
effort efficiency | k.
I &
04
L4

<= @' # Variants

discard & reject
unprofitable variants

o
CR/AEA | 2006-08-02 | © Robert Bosch GmbH reservesall rights even in the event of industrial (;'[_ \[. \ Bos c H
property rights. We reserve all rights of disposal such as copying and passing on to third parties. e

Controlling the growth of variability

> Fun of reusing vs. fun ~
Of bU||d|ng ! T?}‘T%?rgt Incr.?z:f :

efficiency :

> Value of new variants ! l'

> Cost of new variants ? o

#Variants

discard & reject
unprofitable variants

> We need to understand the business impact of
variability on testing

10
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Acting on design decisions for testability

Designed Designed for testability

[Variantn
[Variant 4
Variant 3

[variant 2
Variant 1

—=
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Acting on design decisions for testability

> Cost of changing
architectural decisions !

Designed Designed for testability

> Impact of d4t on
system qualities ?

> We need to understand the business impact of
design decisions for testability.

—
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Business impact?

6“ Decrease time-
‘&’ to-market by 25%

Variability i
Testing ” “(

6“ Decrease total cost

6" Decrease cost per
" /' product by 15 %

. of quality by 10 %
Design for g y Oy
testabilit .
Y 6“ Increase low cost
market share by 20 %
CR/AEA | 2006-08-02 | © Robert Bosch GmbH reservesall rights even in the event of industrial 1 _5\5“
1 3 property rights. We reserve all rights of disposal such as cop?ying and passing on to third parties. @ Bos c H

Meeting quality expectations

Quality

Perceived .
o s expectatlon

Quality

with new PL

# Reuses

> We need to convey a realistic picture
of early asset quality

=
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Summary
iabil = © “ 5%
Variability o <>
@ © —
-— A — e
Testing “ 3 ‘ “ )
Design for N "R s —
testability - q— n

> Nontechnical challenges need to be addressed

> Understand business impact of testing
> Appreciate business value of testing

> Models and empirical research are needed

15
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Suggestions for workshop discussion topics

> Business value of testing?

> Why not commonpractice?

> Can there be generalized and yet useful models?
> DA4T decisions < qualities and business impact?
> How to deal with early asset quality?

> How do other engineering disciplines do it?

16
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The End

Contact me:

BOSCH

Georg Grutter Robert Bosch GmbH, CR/AEA3-Fr
P.O. Box 94 03 59
60461 Frankfurt a. M.

Corporate Research Germany

Advance Engineering — Software

Phone: +49 69 7909-514
georg.gruetter@de.bosch.com Fax: +49 69 9540-295514

TN
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A Reuse Technique for Performance
Testing of Software Product Lines

Sacha Reis, Andreas Metzger, Klaus Pohl ‘SSE

Software Systems Engineering

Institute for Computer Science and
Business Information Systems (ICB)

University of Duisburg-Essen, Germany
www.sse.uni-due.de

Outline

* Introduction
» Variability in Performance Aspects
= ScenTED for Performance Testing
= Case Study

= Open Issues
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Introduction
Motivation

= Observation:

— Even if software meets its functional requirements, violating the
quality requirements will diminish the software‘s value to the user

— Examples:

- Stock market data:
- no value if data arrives too late

- Emergency shutdown of nuclear reactor:

- catastrophic consequences if
shutdown occurs too late

- Performance is an important quality property!

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 3

Introduction
Challenges in SPL Performance Testing

= How to support the derivation of application

performance test artifacts from ?2;?3'3 J
domain performance test artifacts? g

— derivation of domain performance el e AT e
test artifacts

— reuse of domain performance J

. Application
test artifacts Testing

. . . y . .
— execution of application performance Application

tests

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 4




Introduction
Approach

» Extension of our ScenTED technique for system testing

Domain Engineering

1: Model 2: Generate 3: Determine
Behavior Test Paths Test Data

Domain
Test Case

Domain
Test Cases

Domain
Test Model

Domain
Requirements

~
S ——— -

-
e =-—-" ——

— —_——

-
-
~o - e ——a
- -
—_——— - ~ -
~ - -~ -
~~ - -
—S—_————

_____________>

Binding Information 4: Derive Test

Cases

Application
Requirement

Application
Test Case

Application Engineering

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 5

Introduction
Approach

= Questions to be answered when extending ScenTED:

— Specification of performance requirements

- How can performance aspects be described in the relevant artifacts
of ScenTED (i.e., use cases, scenarios, activity diagrams)?

- Which additional variability in performance aspects has to be
modelled?

— Support of different types of performance tests [RUP, 2001]
- Benchmark testing
- Contention testing
- Performance profiling }Architectural information is needed
- Load testing

_ Requirements are sufficient
- Stress Testing

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 6




Outline

» Variability in Performance Aspects
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Variability in Performance Aspects
UML Profile for Schedul., Performance & Time

= Conceptual model [OMG, 2002]

PerformanceContext
1
1
1.7 1.*
Workload 1 1 PScenario
responseTime responseTime
priority
T 1
{ ordered
+root 1 1.*
, .
ClosedWorkload openWorkload PStep
population occurrencePattern probability
externalDelay repetition

delay

+ successor | operations
interval

executionTime

0.*

+ predeccessor| 0..* stereotype in the profile

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 8




Variability in Performance Aspects
Extensions of the SPT Profile (1)

= Make variation points (performance variability) explicit

sd Parameter )

P
Variation Point 1: - User . .
<<PAclosedLoad>> - User :Component A :Component B
V1.n:

{PApopulation=$n}

~ L—4L Tj
Variation Point 2: p o ;

<<PAstep>>

V2.n:
{PArespTime=(‘req,
‘max’, (0,01*$n, ‘s’))’}

— Note: “red” text in figures represents performance aspects

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 9

Variability in Performance Aspects
Extensions of the SPT Profile (2)

» Make dependencies between variants in the control flow
and variability in performance aspects explicit

| sd Step /C)
1

-User [ComponentAl [ComponentX| [ComponentY

| o o o o e e b o -

Variation
Point 1

Variation Point 2: &/’
<<PAstep>> '
V2.1: {requires V1.1}
{PArespTime= ‘msr’,
‘mean’, 3, ‘ms’}

V2.2: {requires V1.2} | | | P '
{PArespTime= ‘msr’, ' ; |
‘mean’, 1, ‘ms’} ' ; I

TP i

. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 10




Variability in Performance Aspects
Extensions of the SPT Profile (3)

= Make dependencies between architectural variability and
performance variability explicit

sd Dependency ’
%
~

: User :Component A :Component B \

b | N

Variation Point 2:

Variation Point 1:
<<PAstep>>

V1.1: {requires V2.1}
{PArespTime=‘msr’, ‘max’, 1, ‘s’}
V1.2: {requires V2.2} V2.2: {requires 1.2}
{PArespTime=‘msr’, ‘max’, 2, ‘s’} , , : Component Y

V1.3: {requires V2.3} V3.3: {requires 1.3}
{PArespTime='msr’, ‘max’, 3, ‘s’} Component Z

V2.1: {requires 1.1}
Component X

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 11

Outline

= ScenTED for Performance Testing
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ScenTED for Performance Testing
Overview

Requirements & Architecture | ‘ Test Model Test Case Scenarios

("~ Creation of the S : )
Use Case Scenarios K Basic Test Model
[without Performance]
Test Model
Supplementation [Based on Requirements]
2 with Performance _ _
s § Req. and Additional Supplementatlon with Derivation of Domain
= Variability Architecture and Test C 3 )
a® Additional Variability S ERE SESTENTSS
u Use Case Scenarios \b
[with Performance] Test Model n Domain
[Extended with Architecture] Test Case Scenarios
Architecture
s2 Binding (Derivation of Applicatior§5)
'§ § Information k Test Case Scenarios
= £
Q5 L
o c Application @
<u Test Case Scenarios>
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ScenTED for Performance Testing
Step 1: Suppl. with Performance and Variability

Use Case Name Buy items
Step Action Description
Main Scenario 1 (include UC: Search items) {VP5} {VP7}

2 Customer chooses item(s)
3 System adds item(s) to shopping cart (This activity has to be accomplished

within 5 milliseconds)

4 Customer wants to pay
5 System calculates and shows the invoice {VP6}
6 Systems asks for payment information {VP3}
Variation Points Variations
VP3 (Payment, 1..2 out of 2) V3.1 (include UC: pay w/invoice) (requires V7.1)

V3.2 Payment w/card (requires V7.2) {VP4}

VP4 (pay w/card, 1..1 out of 2) V4.1 (include UC: pay w/credit-card)
V4.2 (include UC: pay w/debit-card)

VP5 <<PAclosedLoad>> V5.1 The number of users active in the system at one time is limited to 500
Users (requires V6.1)
V5.2 ...
VP6 <<PAstep>> V6.1 This activity has to be accomplished within 50 milliseconds (req. 5.1)
V6.2 ...
VP7 <<PAclosedLoad>> V7.1 The scenario has to be accomplished within 2 minutes (req.V3.1)

V7.2 The scenario has to be accomplished within 5 minutes (req.V3.2)

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 14




ScenTED for Performance Testing
Step 2: Creation of the Basic Test Model

- vPs: Y  Basic Test Model ,Buy ltems®
<<PAclosedLoad>> <<PAclosedLoad>>
V7.1: {requires 3.1} V5.1: {requires 6.1}
A {PArespTime="req', max, (2, min)} {PApopulation=500} VP6: &
/| V7.2: {requires 3.2} V5.2: {requires 6.2} <<PAstep>>
<<UC>> 17| (parespTime="eq’, max, (5, min)} {PApopulation=1000} V6.1: {requires 5.1}
search items V5.3: {requires 6.3} {PArespTime="req, max,
{PApopulation=$n} (50, ms)}
TTTTTTTTTTTTTTTTTTTTTT T V6.2: {requires 5.2}
) {PArespTime="req', max,
<<PAstep>> {PArespTime= | (100, ms)}
— T, T S D) T V6.3: {requires 5.2}
- e {PArespTime='"req', max,
add items to display - (0,1*$n, ms)}
. . pay create invoice
shopping cart shopping cart

( show invoice

process
payment

~~. Vv VP3: Payment

enter payment
information

V3.1 L . .
for invoice information
V3.2
VP4: Online
payment enter credit process
H card credit card >%
! vaa information information

Y

enter debit

V4.2 process v
card debit card leave shop @
information information

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 15

ScenTED for Performance Testing
Step 3: Suppl. with Architecture and Variability

User E-Shop Frontend DBMS PB Paylnvoice PayCard
VPT: ~ [VvPs: Wp--..
<<PAclosedLoad>> <<PAclosedlLoad>> VPS:
V7.1: {requires 3.1} _ V5.1: {requires 6.1} “ 1}
{PArespTime="red, max, (2, min)}| | {PApopulation=500} V8.1: PBG1
V7.2: {requires 3.2} _ V5.2: {requires 6.2} V8.2: PBG2
. L{PArespTime=red, max, (5, min)}| | (PApopulation=1000} 2
' aEEEEE BERPECCEEEEEEIL R h b V5.3: {requires 6.3}
. VP6:
(oo (] | ey || [Fm
- confirm V6.1: {requires 5.1
'<<P'Astep>5> {PArespTlme?I_,-—— addition e Areip'lgimefreq,}max,
req’, max, 5, ms)} display ‘__,_——”'— (50, ms)}
pay J€ | shopping ca V6.2: {requires 5.2}
"""""""" T confirm {PArespTime="red, max,
create invoice > creation (100, ms)}
V6.3: {requires 5.2}
show invoice Eg'?:;ipmf:)iffeq, max,

S _enter pay_men_t process i
inform. for invoic payment confirm
: informatio rocessin
forward inform.
for invoice Prgcessd confirm
credit car )
N fo(rjwafrd cretqit | informatio \processin
card information :
nt enter debit I I process _I—
V4.2 card N forward debit | | debitcard I\
informatio card information informatiol

@ < ............... we——H save data |
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ScenTED for Performance Testing
Step 4: Derivation of Domain TC Scenarios (1)

Variability in

% E-Shop Frontend DBM§/
VP8:

ser, - [ver: an Architecture
| ol
REF I . I| | <<PAclosedLoad>> .PRo | Neeseeeeet
! search items '\ | v7.1: {requires 3.1} V8.,2. PB2
— : LN {PArespTime="req’,m L
== . | (2, min)} Payment/ _
VPS5: | choose items _ 1 | V7.2: {requires 3.2} Billing PAylInvoice
<<PAclosedLoad>> {PArespTime="req’,max, : | ;
V5.1: (5, min)} ! v !
{requires 6.1} . | | I
{PApopulation=500} add items to : ' !
V5.2: shopping cart ! <<PAstep>> !
{requires 6.2} display shopping ] — U,, {PArespTime='req, }
{PApopulation=1000} cart J]L _confirm addition _ _ mean,(5,ms)} !
V5.3: S : : ' | pavcard
{requires 6.3} ! ! I | i | PayCard
PApopulation=$ N pay | ! !
{PApopulation=Sn} 1 create invoice [ i ! :
! |
s - confirm creation | ! l
<<PAstep>> ] show invoice DNy byt _——— | !
== e I v et | ! o ==d
~ o~ - - T T T _— - 7’ ey
-~ - _ - - —_———
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ScenTED for Performance Testing
Step 4: Derivation of Domain TC Scenarios (2)

~ o~ P = .
-~ -~
™
-~ - - e -

| rayvdiu
|
I
J:_| |
|
|
- |
|
|
|
|
|
|
|

= - -

{:f:uiresl(at.?}n_ ) J': - - "pgy’ !

— 1 create invoice

VP6: . .
<<PAstep>> & ! show invoice ,\]'L confirm creation

1
V6.1:

|
ires 5.1 Il : .
f;ﬁ:lsr:'lsimel’req‘ ! | payment information
’ I

(V3.1) enter

(V3.1) forward
payment information

|
|
i (V3.1) process
|
|

|

|

|

|

|

|

|

i

|

information i

—>

ﬁév3.1) confirm D :
|

|

|

|

|

|

|
|
|
|
i
|
|
|
|
max, (50, ms)} L for invoice for invoice : payment
V6.2: , ]
E;;;Oluire; 52 | |/] (v3.2)(v4.1) enter i
respTime="req/, i : I b et
max,(100, ms)} ,Cr]f"d't cr?rd (V4.1) forward credit | |
V6.3: / i Informaton card information : (V4.1) process |
{requires 5.3} L ' creditcard |
{PArespTime='req’, | / | | (V3.2)(V4.2) enter i inform. E
max,(0,1*$n, ms)} |/ | debit card i I:] Vi —
I information o cv4d) confirmi |
] (V4.2) forward debit | .
4 card information | (V4.2) process debit
! ! l card inform. |
ivpa4: ) L4 ] o :_ _____ o )
E (1. | : save {]é__(l/‘l-g)_ffgf‘,ﬂfl_nl___l
' ! | | data - !
wP3: | L o [ S | i
{1.2) K=========== S T | !
| | i :
I I | 1
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ScenTED for Performance Testing
Step 5: Derivation of Application TC Scenarios

:( ): E-Shop Frontend DBMS

: User i :
| T |
REF_J | search items i E
|
= . ! ! PB1 ;
| choose items } ! — Paylnvoice
| t
| | f
| |
add items to shopping car{,: , : :
|
. , confirm addition : !
Misplay shopping cart] 7<= === ========~~ . | |
T i | [ |
| |
: pay 4 PR :
create invoice | i !
_— confirm creation | JJ !
||, _ show invoice C——m—————————— - !
_____________ | |
: enter navment ! | ! process I
~ —_-— —
7 -~ -
7’ ~ -~

——
- --——_——_’
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= Variability in Performance Aspects
» ScenTED for Performance Testing
= Case Study

= Open Issues
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Case Study at Siemens Medical Solutions HS IM
Domain & Objectives

= Domain

— Integrated radiology
suite

- Covers the whole
basic clinical
workflow

- Examination

- Imaging

- Post-processing
- Archiving

— Focus on variability in...
..workplaces
..radiology information systems (RIS)

A. Metzger — SPLIT@SPLC, Baltimore, 2006 © Prof. Dr. K. Pohl — 21

Case Study at Siemens Medical Solutions HS IM
Basic Clinical Workflow

Hospital
Information LA
System (HIS) o
he—14
& report
generation
i i report Report
Registration P Repo Slt ory
patient Variability :irctl:{f? .
. . chiving
mforniatlon RIS Communication )
Radiology Srem®E rhages
2 & Information refrieved Variability in
'|' ‘.ﬁ E System (RIS) Workplaces
Qrders Modality
(CT; MR, etc.)
Orders Acquisition
Filled Modality .
Images\_Archive

exgrrgier}:;tion im oxa- . /stored
— " mination”
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Case Study at Siemens Medical Solutions HS IM
ScenTED Adaptation

Requirements & Architecture Test Model Test Case Scenarios
‘ { Creation of the A s Derivation of Domain B
_ “___ Basic Test Model Test Case Scenarios
Use Case Scenarios \1/
[without Performance] - -
Test Model Domain Test Case Scenarios
[Based on Requirements] [without Pe\lr/formance]
> [ Supplementation with C
c T >| Architecture, Performance,
g b \and additional Variability
c
o -—
a2
Ll
W
Architecture Domain
Test Case Scenarios
c O
) E Binding (Derivation of Applicatio D
"é o Information \_Test Case Scenarios
= £ \
a2 Application
< =
<w Test Case Scenarios
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Case Study at Siemens Medical Solutions HS IM
Results

» Reduced performance testing effort
- Testers and test managers confirmed an effort reduction

= Early validation of performance requirements (PR) and
variability
— 35 of 51 PR’s were associated to domain performance test case
scenarios

— 16 did not affect the basic clinical workflow

— 5 could not be tested
— 2 new PR’s were identified
— 20 PR’s were extended with additional variability
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Outline

= Introduction

= Variability in Performance Aspects
» ScenTED for Performance Testing
= Case Study

= Open Issues
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Open Issues

= Dealing with the problem of combinatorial explosion

A) During performance profiling not all possible configurations can
be tested

B) General problem in SPL Testing
- testing all potential combinations of the variants
—also check the “Tesing in a Software Product Line” Panel om
Wednesday!

= How can other quality properties be tested?

- current project at SSE that deals with reliability and availability
(for single systems)

» [nfluences of parallel processes are currently not testable
(contention testing)

— “What is the influence on data saving, when 50 users are loading data
simultaneously?”
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Further Information...

Questions ?

Contact: Text book:
Dr. Andreas Metzger Pohl, Béckle, van der Linden:

Software Product
Software Systems Engineering Line Engineering —
Schitzenbahn 70 Foundations, Principles B
University of Duisburg-Essen and Techniques. Software Product
45117 Essen, Germany Springer, 2005 gLEnaineeng
andreas.metzger@sse.uni-due.de
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Considerations in Developing
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Implementing the vision through test
environment reconfigurability
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Implementing the vision through test

environment reconfigurability

M Core |l Software Tool

Controller
Selectivity

£ EDIT TOOLS UTILITIES HELP

" Show All Save
@ Show Latest Revert
[ Filter Bt

VID Harness RLOC Table Checkout Status
I |cM2z100MD - ACCEPTS COREN [CM2100MD [0UT by Magdalena Purnama on 26.~
2 |cM2100RC - ACCEPTS Core Il [cmz100RAM |oUT by Magdalena Purnama on 26.
i |cM2110 - ACCEPTS Corenl lcmz110 [OUT by Magdalena Purnama on 25,
2 |cMB50 - ACCEPTS CORE NI |cmase [oUT by Magdalena Purnama on 26.

|CM850 - CLOSED LOOP ACCEPTS P |CM850

]III by Scott Decker on 17-MAY-06

I 1 |cMB50 - Shockwave Corell |cmase [N by Scott Decker on 17-MAY-06
s i |cM850 - Shockwave Industrial — [cMB50 [N by Scott Decker on 17-MAY-06
4 2 |cM8T1 - ACCEPTS Core ll lcmaT |oUT by Magdalena Purnama on 26.
s 2 |cMa76 - ACCEPTS Core lcmate [OUT by Magdalena Purnama on 26.

mplementing the vision through test

environment reconfigurability

Harnes:

5

Version

Checkout Status

Save

|CM85I] - CLOSED LOOP ACCEPTS PROTO

1

I0,Seott Decker,May-17-2006 Revert

Rloc Table Hame Status Harness Description
|CM85IJ J|lﬂ Initial CM350 harness for the prototype [~
closed loop systemin CORE Il 9
Module
|cmase
-
RLOC PIH Channel Relationship
Import
RLOC PIH Channel Board 10 Type
4 [1-43 [13 | [anatog output 4]
s |1-15 [16 | |anatog Output
6 [11-30 [15 | |anatog output
7 |n-23 4 [ |Analog Output
] [1-25 [10 | |anatog output
] -3¢ 6 [ |Analog Output -
[10 [n-18 [1 | |anatog output
[11 [11-50 21 | |anatog output
[12 [11-20 [14 | |anatog output
[13 [1-12 o | |anatog output =




Leveraging System Architecture
Implementation on Ambient Air Pressure
within Test

Ambient Air Pressure High Limit

Ambient Air Pressure Low Limit

&

Ambient Air Pressure Upper Limit
Test

{

&

Set Ambient Air Pressure = Ambient Air Pressure High Limit + tolerance.

Verify that AMBIENT_AIR_PRESSURE_HIGH_ERROR is set.
Ambient Air Pressure = Ambient Air Pressure High Limit - tolerance

Verify that that AMBIENT_AIR_PRESSURE_HIGH_ERROR is reset.

}




M Core |l Software Tool.

LE EDIT TOOLS UTILITIES HELP ‘Window

mplementing the vision through
data driven test capability

aeiation Table [nfamation
Association Table Ver Check Out Status Save |
lo Association Table |2 |ouT, Jul-27-06, Jamie Williams Revert
Description Back
Base association table for all 10 including the analeg E 1
inputs, discrete inputs / outputs, PWM outputs, : Build D
frequency inputs. = I l _J%
~ Seq  DEVICE PARAM LLIMI DORLLFC uuml DORULFC TISEl
= lAnalou Input |Ambient_Air_Pre nso C_AMB_AirPressl iAMBlEnT_MR_PR[ C_AME_AirPress! [AMBIENT _AIR_PRE '_-5\;
2 |analog Input 0il_Pressure_Ab: [Ser [C_AIP_OP_Count, |OIL_PRESSURE_L(|C_AIP_OP_Count_|0IL_PRESSURE_HI'|_0il
3 |Analog Input |[Exhaust_Press s S |C_AIP_ExhaustPri [EXHAUST_PRESS_ [C_AIP_ExhaustPri EXHAUST_PRESS_ =
4 |Analog Input Charge_Tmptr  y_Si C_AIP_ChargeTm CHARGE_TMPTR_ |C_AIP_ChargeTm CHARGE_TMPTR_! _Int
3 |Analog Input Charge_Press 5 S¢|C_AIP_ChargePre [CHARGE_PRESS_C |C_AIP_ChargePre [CHARGE_PRESS_C E
|S |Analag Input Coolant_Pressuri s 5, C_AIP_CP_Count_ |COOLANT_PRESS! C_AIP_CP_Count_ COOLANT_PRESS! Co
IT |Analog Input EGR_Delta_Press ens [C_AIP_EGRDeltaPi EGR_DELTA_P_00 [C_AIP_EGRDelaPi [EGR_DELTA_P_00 |_EGI
|8 |Analog Input |Accumulater_Pre \Ser C_APC_ct_DsIPrs APC_DIESEL_PRS_|C_APC_ct_DsIPrs APC_DIESEL_PRS_| Fu
l? |Analeg Input (Compressor_Inle mp ::_mP_::omanTn}comv_m_mpm_ C_AIP_CompInTn [COMP_II_TMPTR, |_Tul
-/ ]10 |Analog Input (Aceelerator_Pedan S |C_AIP_APP_OOR_|SAMPLED_THROT |C_AIP_APP_OOR_|SAMPLED_THROT | Ac
- D

Generic Analog Upper Limit Test

While PARAM /= NULL && ULIM /= NULL && OORULFC /=
NULL;

{
Set PARAM = ULIM + tolerance.

Verify that OORULFC error is set.
Set PARAM = ULIM - tolerance.

Verify that OORULFC error is reset
}
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Customizable Requirements-based
Test Models for Software Product
Lines
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1. Introduction
2. Related work

3. Requirements-based Test Models for a Software
Product Line (SPL)

4. Application of Testing Method to an Automated Toll
System Case Study

5. Conclusions




MASON 1. Introduction

« Software testing of SPL is difficult

— Each application corresponds to a set of SPL
features

— Potentially many feature combinations
* Need method for developing test models
— Manages a large number of feature combinations

— Reuses test assets, such as test cases and test
models

mESORGE Software Product Line Development Processes

Product Line Requirements and
Analysis Models,
Product Line Software
Architecture,
Customizable Test Models

Product Line

Requirements Software Software
Product Line Product Line
Engineering Repository

Application Executable
Requirements | gofware Application Application
Engineering
Application Customer
Engineer

Unsatisfied Requirements, Errors,
Adaptations




mESORGE Detail of Application Engineering Process

Software
Product Line

Repository
Software Application
Engineering
Feature-based Feature-based
e R application
Application test derivation derivation
Requirements
EE—
Executable
Customized test models application
Executable
Application = Application
Engineer Application >
Testing
Customer

Bﬁaeoms 2. Related Work: Requirements-based Testing
i 1 T for Software Product Lines

McGregor, 2001
Introduced process and requirements-based test models for an SPL

Bertolino et al, 2003
Applied category partition testing to product line use cases

Nebut et al, 2003
Developed an SPL testing strategy based on use case contracts

Kamsties et al, 2003
Developed an SPL testing strategy based on use case activity diagrams

Geppert et al, 2004
Investigated the use of decision trees to customize SPL tests

Reuys et al, 2005
Developed Kamsties et al work with Scenario Based TEst case Derivation

Olimpiew, Gomaa, 2005
Described a testing process and test models for an SPL
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3. Requirements-based Test Models for an SPL

— During SPL engineering
— Develop requirements models using PLUS (Product Line UML-
Based Software Engineering) (Gomaa, 2005)
 Create feature model
» Create use case model
* Determine feature to use case relationships
— Determine which target systems (or feature combinations) to test
— Develop customizable test models

* Phase [|: Create activity diagrams from use cases and feature
model

* Phase |l: Create decision tables from activity diagrams
* Phase lll: Create test templates from decision tables

B1 GEORG

UNIVERSITY

Develop requirements models using PLUS

— Create feature model:

— Identify features, feature relationships, and feature reuse categories
(common, optional, alternative)

«common» i
Automated Toll requires
System Kernel

«zero or more of»
Lane Control
requires requires Devices

N

«common»
Transponder-
enabled Booth

«optional»
Ticket Booth

«optional»
Traffic
Light

«optional»
Barrier
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Develop requirements models using PLUS

— Create use case model

— Identify use cases, use case relationships, and use case categories
(kernel, optional, alternative)

— Identify use case variation points

vpLight

vpBarrier

«kernel»
Enter through
Transponder-enabled
Booth

«extend»

«kernel»
Enter Toll Road

«extend»

Vehicle «optional»
{ Enter through Ticket-

issuing Booth

mg’ﬂﬁ Develop requirements models using PLUS

— Determine feature to use case relationships

Feature name Feature Use Case Name | Use Case Variation point
category Category / name
Variation point

Automated Toll | Common Enter Toll Road | Kernel

System Kernel
Transponder- Common Enter through | Kernel
enabled Booth transponder-

enabled booth

Ticket Booth Optional Enter through | Optional

ticket issuing
booth

Barrier Optional Enter toll road | Vp vpBarrier

Traffic Light Optional Enter toll road | Vp vpLight

10




/E RGE
bﬁs" } Develop customizable test models

Phase |: Create an activity diagram for each base use case
- Combine activities of extension use cases
- Map features to use case activity diagrams with feature conditions

B System
detects
f vehicle
/ «kernel» \\ ' [ 1
Enter through i
«extend» = ] ;z
. Transponder-enab@ : e ~
\\\ . Booth d [ Enter through |
i i Transponder- E.nter t.hrou_gh
«kernel» enabled Ticket-issuing
Enter Toll Road Booth Booth
«extend» L

. «optional»
Vehicle “~{ Enter through Ticket-

issuing Booth

I Authorize vehicle

F System resets
toll booth

11

~
mESORGE Develop customizable test models

— Map use case variation points to activity diagram
— ldentify and name execution conditions

B System
detects
vehicle

vpLight e

[Ticket booth entry
1

vpBarrier

«optional»

Vehicle ~{ Enter through Ticket-

[Transponder booth entry]

/ En«kernel» \\ E ;L

«extend» y ter through ) ,/E tor th h\\
-\ Transponder-enabled/ ! [ SEP IR
\\ P / Transponder- E'nter t_hrou_gh
_ Booth enabled Ticket-issuing
R Booth
«kernel» Booth

Enter Toll Road

«extend»
| Authorize vehicle
(vpBarrier2,
vpLight2 )

issuing Booth

F System resets
toll booth

(vpBarrier1,
vpLight1)

12




Develop customizable test models

- Map features to variation point parameters in activity diagram

Feature Variation point Parameter name | Parameter value
name
Barrier vpBarrier vpBarrierl Lower barrier
vpBarrier2 Raise barrier
Traffic vpLight vpLightl Turn light red
Light
vpLight2 Turn light green
vpLight3 Turn light amber

13

Phase Il: Create Decision Tables from Activity Diagrams
- Create one decision table for each activity diagram
- Trace paths from the activity diagram

- There are four paths in Enter toll booth activity diagram

Path > 1
Conditions |

Feature cond.

barrier {T, F}
traffic light {T, F}
ticket booth -
Execution cond.

Trnsp booth entry T
Ticket booth entry -
Trnsp detect T
Acct valid T

Develop customizable test models

o

B System
detects
/ vehicle
[Transponder booth entry] [TICK?CT(Z?rOi?:]y and
/Enter through o nter through Ticke-issuing

Transponder-enabled
Booth

[Not transponder detected]

[Not Account valid]

C Detect
transponder

"

[Transponder detected]

D Check
transponder
account

/

Booth
G System

issues ticket

H User takes
ticket

[Account valid]

«adaptable»
E Warn vehicle
(vpBarrier2,
vpLight3)

«adaptable»
| Authorize vehicle
(vpBarrier2,
vpLight2)

«adaptable»
F System resets
toll booth
(vpBarrier1,
vpLight1)

14




Develop customizable test models

« {T, F} feature condition entries refer to adaptable paths

* Explicitly enumerating all feature condition values for path BCDIF would
result in 22 paths

* Explicitly enumerating all feature condition values for all paths would
result in 24 paths

Path > 1 Path > 1’ 17 I [N

Conditions | BCDIF Conditions | BCDIF | BCDIF | BCDIF | BCDIF

Feature cond. Feature cond.

barrier {T, F} VS. | varrier T F

traffic light {T, F} traffic light T F

ticket booth - ticket booth - - - -
Adaptable path Explicitly enumerated feature condition entries

15

Develop customizable test models

Phase lll: Create test templates from decision tables
- Each path becomes a test template
- A test template is a sequence of
- Controlled actor inputs
- Expected system actions
- ldentify locations of variation in test template

- These locations refer to parameters in the feature to
variation point table

16




Example of customizable test template

ITY
Name 1. Enter Toll Road via Transponder booth - Main
Feature $Barrier = {T, F}
conditions $TrafficLight = {T, F}
TicketBooth = undefined Barrier
Execution TransponderDetected = True Feature
conditions AccountValid = True
Ty Tr?:fflctnght
eature
B <Input> System detects /zﬂst)z{ner /azpfpdach
C <Input> System deteets aid writes €ntry data to transponder (in
location, in time)
D System checks }/ansy%der /a&ount
I
<Output> %st detects that vehicle has passed and resets booth
F $vpBarrier]l = {“<output> System lowers barrier”, null}
$vpLightle= {“<output> System turns light red”, null”} 17

— Select

Application Engineering: Customize test
template

features for an application of the SPL

» Customize requirements models
» Customize application implementation
» Customize test templates

— Select

test data to satisfy the execution conditions of the

templates

— Runte

Application

Application
Engineer

st suite on application

Software
Product Line
Repository

Software Application
Engineering

Feature-based
test derivation

Feature-based
application
derivation

Requirements
_—
Executable
Customized test models application
Executable
Application
—

Application
Testing

Customer 18




mﬁs‘f’““ Customized Test Template

« Barrier feature selected, Traffic light not selected

* Look up and replace parameters

Name 1. Enter Toll Road via Transponder booth - Main
Feature Barrier=T
conditions TicketBooth ;W ,
Barrier
Execution TransponderDetected = True Feature
conditions AccountValid = True /
Test steps
B <Input> System detects custome/ apprO/{ch
C <Input> System detects and wfites entry data to transponder (in
location, in time)
D System checks transpond)% accoun;/
I <Output> System aut}}aéizes vehigle to pass
<output> System raises barrier
<Output> System detects that }/ehicle has passed and resets booth
F <output> System lowers barrier 19
Bﬁaeome 4. Application of Testing Method to an
L ALAIRTIN Automated Toll System Case Study

» Object of study
— First three phases of the test design method:
* Phase |: Create activity diagrams
* Phase II: Create decision tables
* Phase lll: Create test templates
* Purpose of the study
— Is method practical?
» Participants
— Five graduate students
 Models

— Three different requirement models of the Automated Toll
System

20




mESORGE Approach and Evaluation

» Give detailed instructions on each phase
» Allow two weeks for each phase

* Observe which instructions caused most
misunderstandings

« Observe whether participants are able to

— Complete the instructions correctly

— Complete models within the allotted time.
» Survey participants

M’RES“GE Results

. Use case models consisted of 8-14 use cases

. Feature models consisted of 20-24 optional and
alternative features

. Most participants were able to create and correct the
models within the allotted time

. Most misunderstandings were on how to map variation
points to the test models

. Method can be applied and understood with adequate
training




MASORN Conclusions

g/llgtl_hod of developing customizable test models for an

— Manages feature combinations
— Creates reusable test templates
— Traces features to test models
— Benefits
* Reduce # of test templates
 Flexible to handle any feature combination

Meéhod applied to a realistic automated toll system case
study

Method needs more automation in order to make it more
useable

23
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Motivation LES

e Crosscutting features in SPL;

* Modularization of crosscutting features;

* Testing crosscutting features;

e AOSD modularizes crosscutting concerns;

e AOSD: new challenges to software testing.

e New AO constructs = sources of new types of faults.

© LES/PUC-Rio




Key Idea

LES)

Laboratério de Engenharia de Software

* Represent crosscutting features as aspects;

o Interfaces between aspects and the framework;

Aspectual
- Hotspot

~

<<aspect>>
Crosscutting
Legend: — ] Feature
-~ ~> crosscuts
> uses

© LES/PUC-Rio

Key Idea

LES)

Laboratoério de Engenharia de Software

e Add information to such interfaces (i.e contracts)

e To support crosscutting features verification activities:

- guarantee that framework invariants are preserved;
— can be used in the definition of specific test criteria.
— can be used as test oracles.

© LES/PUC-Rio




Back Ground: Aspects

Laboratério de Engenharia de Software

e Aspects: a new abstraction to modularize tangled and

spread concerns;

© LES/PUC-Rio

Back Ground: Aspect] Concepts

Laboratério de Engenharia de Software

e The aspect abstraction in Aspect] is composed of:

Inter-type declarations specify new attributes or methods
to be introduced in specific classes.

- Joinpoints are well-defined locations within the base code
where a concern will crosscut the application.
e Ex: method calls and method executions.

- Pointcuts are constructs that match the joinpoints, and
performs specific actions performed defined in an advice.

- Advice is a special method-like constructs defined in aspects.

© LES/PUC-Rio




Back Ground: Extension Join Points

Laboratorio de Engenharia de Software

OO Hotspots

EJP (AO Hotspots)

<<aspect>>
Extension
Legend: ——— Aspect

----> crosscuts

—> UuUses

© LES/PUC-Rio

EJP Structure - Framework Internal Contracts

Laboratorio de Engenharia de Software

Internal Contracts

Legend:

<<aspect>>
Extension
Aspect

----> crosscuts

—> uses

© LES/PUC-Rio




EJP Structure - Framework Internal Contracts I-ES

Laboratério de Engenharia de Software

* They are classified in the following categories:

e Structural Contract: the framework should implement
specific interfaces.

public abstract aspect EJP{
declare parents: ClassA implements EventReporter;
declare parents: ClassB implements EventReporter;

o Behavioral Contract: the framework EJPs comprises all
and only the framework events that the EJP should expose.

© LES/PUC-Rio

EJP Structure - Framework Extension Contracts I-ES

Laboratoério de Engenharia de Software

Extension Contracts

Extension :
Aspect Jl
_________ |
|
|
|
— Legend:
-—- -anticipated <<aspect>>
: , fon an' P Extension
- --> crosscuts __ _1 extension aspects Aspect
— > uses anticipated
extension aspects

© LES/PUC-Rio




EJP Structure - Framework Extension Contracts

LES

Laboratodrio de Engenharia de Software

* The following categories were defined:

e Structural Contract: Aspects has restricted access to

framework elements.

e Behavioral Contract: framework invariants, pre/pos-

conditions

Contracts expressed in Aspectd will not just be stated but
they will be enforced during compilation time or runtime.

© LES/PUC-Rio

Case Study: Game SLP

LES

Laboratodrio de Engenharia de Software

e The overall structure: Game Engine framework;

e The Game Engine consists in a state machine;

e State changes according to the elapsed time and user

input;

o State changes - various images should be re-drawn.

© LES/PUC-Rio




Case Study: Game SLP LES )

Laboratério de Engenharia de Software

e How an image can be flipped:
- Some devices have built-in flip API and
- To others, flipping algorithms have to be defined.

e The flipping feature is crosscutting:

- it depends on image drawing events spread over a set of
framework modules.

o We implemented this crosscutting feature using aspects
and EJPs.

© LES/PUC-Rio

Game Engine LES)

Laboratodrio de Engenharia de Software

Game Engine Framework Core

m MidletController

-

\ ’
\ g ’
EJP-Related Elements /
AP 5
<<[;nterfa:)¢lze>> <<interface>>
rawable ImgLoader
<<crosscuts>>
<<cro|sscuts>>
<<ejp>> <<ejp>>

DrawingEvents ResourceEvents )

+ pointcut: drawinglmage() + pointcut: loadinglmage()

NN N

<<uses>> <<uses>> <<uses>>

l [

<<aspect>> <<aspect>>
AutomaticFlip ManualFlip
+ _drawinglmage_() + loadinglmage_()

Crosscuting Features

Legend:

<<uses>> an aspect uses the pointcut definedby an EJP.
<<crosscuts>> an aspect intercept methods of an element.
_pointcut_ around advice

pointcut_ after advice

© LES/PUC-Rio




The Approach LES

e A verification approach for crosscutting features based
on EJPs;

e According to the EJP-based development approach:
- A set of EJPs and contracts are defined.

e EJPs are the basis for the verification approach.

© LES/PUC-Rio

Sources of Faults in AO Programs LES

I. crosscutting feature logic;

ll. inaccurate pointcuts;

lii. interaction between a crosscutting feature and the
base code;

iv.faults in the base code;

v. interaction between the crosscutting features.

© LES/PUC-Rio




Approach’s Steps LES
1) Inspect EJPs' Pointcut _
Expressions (
6 Define EJP's Framework Steps applied per EJP
Extension Contracts ( (|||)
[3) Mock each Object ]
Intercepted by EJPs (
[4) Test Crosscutlng o
Feature Logic
Steps applied per
Crosscuting Feature
6 Test Crosscuttlng Feature
Composition Behavior (iii
Legend:
‘ Step number
(l) Kind of fault detected at the step
Step 1: Inspect EJPs’ Pointcut Expressions LES

Manually check the inaccuracy of EJP pointcuts;

e Time consuming;

e But only the EJPs have to be inspected;

 The crosscutting features are not inspected;

e They reuse the EJPs pointcuts.

© LES/PUC-Rio




Step 2: Define EJPs’ Framework Contracts LES

e EJP’s Extension Contracts assures that:

— crosscutting features will respect invariants, pre and post
conditions.

e EJPs’ Contracts can be checked:
— during manual inspections,
- verified at compilation time,
- or runtime (test oracles).

© LES/PUC-Rio

Step 3: Mock each object intercepted by the EJPs LES

 Developer should define mock objects for the code
intercepted by the EJPs.

 Real and Mock objects should implement the same
interface.
- The EJP should refer to an object by it’s interface.

e During tests:

- EJP remain ignorant to whether it is intercepting the real object
or the mock object.

© LES/PUC-Rio




Step 4: Test the Crosscutting Feature Logic  LEs

e The Mock objects used to enable the test of
crosscutting features logic.

o At this step:

- the crosscutting feature is weaved with the mock object;
- and each method of the resultant component is unit tested.

© LES/PUC-Rio

Step 5: Testing Crosscutting Feature Composition

) LES
Behavior

e Crosscutting feature in the base code;

e The base control structure and behavior is possibly
modified;
- Existing test suite may be insufficient;

e A second test suite should be defined;

* New coverage criteria may be defined to verify the
effectiveness of the test suite (ex. EJP-specific).

© LES/PUC-Rio




I Conclusions and Future Work

Laboratodrio de Engenharia de Software

LES

A systematic approach for detecting faults in crosscutting
features.

Implemented by means of aspects and EJPs.

We intend to refine it through:

1.

More case studies

2. Analysis Aspects Interactions
3.
4. Tool support

Metrics

© LES/PUC-Rio




ODC Crystallizes Test Effectiveness

Ram Chillarege
www.chillarege.com

10th International Software Product Line Conference
(SPLC 2006)
21-24 August 2006
Baltimore, Maryland, USA

©2006 1 chillarege

ODC: The sweet spot between the extremes of
quantitative and qualitative analysis

QUANTITATIVE . ..o e QUALITATIVE
« Counting O DC *  Quality Circle
 Defect rates * Root Cause
« Specific «  Open
* Most defects, * Few defects,
superficially thoroughly
« Fast « Slow
* Low cost * High cost

©2005 2




Change in the distribution measures the progress
of the product through the process

A/' = T A~ >

W

02005 3 chillarege

ODC is captured across the defect life cycle-
yields cause / effect understanding

Test External

CAUSE EFFECT

Development Internal

02005 4 chillarege




ODC Attributes tell a story

Attribute | Meaning Application

Activity Doing what? Maps to work and skill (cause)
Trigger How detected ? Maps to Verification (cause)
Impact What happened ? Maps to Customer (effect)
Target Which artifact ? Maps to Development (cause)
Type Fixed what ? Maps to Development (cause)
Qualifier Omission? co-mission? Maps to Development (cause)
Source Where ? Subsets Codebase (cause)
Age How old ? Subsets Codebase (cause)

© 2005

chillarege

Understanding Triggers

Terms, definitions, concepts:

« Fault
« Error
* Failure
« Defect

 Trigger

© 2005

chillarege




ODC Trigger .. Catalyst that activates Faults into
Failures

Trigger 1

Trigger 3

©2005 7 Chillarege

Contact Information

Chillarege Inc.
Ram Chillarege

+1 (917) 790 9390
1505 Consett Ct.
Raleigh, NC 27613

ram@chillarege.com
www.chillarege.com

©2005 8 Chillarege




SPLIT 2006
Breakout Session

2““5 Baltimore, August 22, 2006
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« Manage the complexity of the test space

-> be conservative on the scope of variability in the
core assets

Match techniques and methods for development and
testing

- extend PL infrastructure towards testing
Design for testability
- develop a score for which components are testable

- use aspects/code instrumentation for test
interfaces etc. (research)

- use the potential from automated tests (industry)
Align test strategy with architecture

- whichever comes first determines/limits the other

- how to check confirmance (during evolution)?

Is it better not to reuse tests (because of cross
checking)?
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Elevator Statement (1 Slide)

« Short, clear, compelling description of the topic:
— How would you describe the topic in a few sentences?
— What is the problem?
— Why is it important? Why should we spend effort on it?
 Technology gap:
— Where are we in industry and where are we in research?
— Where would we like to be?
— What are concrete problems/challenges?
» Can you prioritize the problems/challenges?
* Do you have ideas of possible solutions?

* Related work:
Is there other work/areas/projects that might be relevant to
look at/investigate/consult?
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- Each discussion group should have one
person for documenting the results and
presenting them later on during the wrap-
up session to the rest of the workshop
participants

- Please prepare an electronic version of
your results
-> including names of all participants
- ppt preferred
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Let’'s start working!
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Design for Testability

Jamie Williams, Cummins
Kathrin Scheidemann, BMW Car IT
Christian Tischer, Bosch
Peter Knauber, Univ. Mannheim

Testability

“The ease with which software gives up its faults” (John McGregor)

Some thoughts in the beginning...

 What Test coverage is required?
Exhaustive testing is not possible within Product Lines (?)
Exhaustive testing is not necessary within Product Lines (?)

» Portability, reusability of tests: what are required variation points
in the test, e.g. parameterizing data

Examples for possible measures/criteria

» Encapsulation: Modularization with separation of concerns,
encapsulation of variability

* Measurement of Coupling and Cohesion as criteria for testability
» Abstraction: Independency e.g. of underlying Layers




Design for Testability

Requirements
Analysis

Architect.Desi

Detailed Desig

Coding
Product Deriv.

Development

Testability has to be non
functional requirement with
high priority

Use Cases Review

Guided Inspect.

Analysis-Models

chitect. Descr. ATAM

Testability has to be defined in led Inspect.
measurable terms and adapted to
the specific domain
...and shall be input to ration-

_subsequent steps, esp. ATéM/tem-

Testing

Based on: John McGregors in Tutorial4

Infrastructure, Tool Environment




Results Breakout

Discussion Group on
Test Strategy

Participants

m Ram Chillarege

m Georg Gritter (Bosch)

m Ronny Kolb (Fraunhofer IESE)
m Tim Trew (Philips Research)

m Kentaro Yoshimura (Hitachi)
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Problem

m Define a competitive test strategy
when
what
how
to what extent
by whom

m a particular product line is tested at least
cost to gain the most

“ JE
Gaps
m Lack of information about applied test strategies
m Experience base with defect data
m Lack of understanding of business impact

m Composability in testing space
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Elements of Test Strategy

m Assessment

m Action

" I
Test Strategy Assessment

m Results are
Effectiveness of test and risk

Criticality of customer impact

Cycle time and cost




" I
Test Strategy Action

m Balance between testing core assets over their
variation space and testing applications

m Balance the granularity of the artifact for
observability and controllability

m Optimize testing for cost and/or time




Adapting Techniques and
Methods for Testing Software
Product Lines

Erika Olimpiew
Hotae Kim

Rob Reckzine
Vander Alves

Problem Statement

 Variability in SPLs
— Is hard to manage
— It is difficult to predict and manage the many
feature combinations

* There are many methods and variability

mechanism for testing single systems
* How can these be extended for testing SPLs?




Where we are

* Methods
— RUP
— Agile
— |EEE standards
— Model-based testing
— Formal methods (model checking)

 Variability mechanisms
— Compiler directives
— Inheritance
— Parameters
— Templates
— Separation of concerns

Where do we want to be

We want to efficiently manage the following

testing problems in an SPL

« Test configuration management problems

* Feature interaction problem

« We want concrete guidelines for choosing

— methods for testing

— variability mechanisms for test artifacts




Related work

Crosscutting Interfaces (Sullivan et at,
2005)

AOP (Kiczales et al, 97)
XVCL (Jarzebek,90s)
Alloy (Jackson et al,20006)
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SPLIT Agenda

» Keynote: Georg Grutter, Robert Bosch GmbH:
Challenges for Testing in Software Product Lines

» Short Paper Presentations

— A Reuse Technique for Performance Testing of Software
Product Lines

— Considerations in Developing a Controls Product Line Test
Architecture Implementation

— Customizable Requirements-based Test Models for Software
Product Lines

— On Testing Crosscutting Features using Extension Join Points
* Invited speaker: Ram Chillarege, Chillarege Inc.:
ODC crystallizes Test Effectiveness

» Three Breakout Sessions,
Result Presentation and Discussion, Wrap-Up




SI’IZ.EIE Discussion Group on Test Strategy

Problem:

Define a competitive test strategy

when, what, how, to what extent, and by whom

a particular product line is tested at least cost to gain the most
Challenges

— Lack of understanding of business impact of testing
Assessment of Effectiveness of Test and Risk
— Composability in testing space
Criteria for determining the Test Strategy

— Balance between testing core assets over their variation space
and testing applications

— Balance the granularity of the artifact for observability and
controllability

— Optimize testing for cost and/or time

SPI.IT Discussion Group on Adapting Techniques
2006 and Methods for Testing Software Product Lines

* Problem: Variability in SPLs
— Test configuration management problems
— Feature interaction problem

e There are ...

— Methods:
RUP, Agile, IEEE standards, Model-based testing, Formal
methods (model checking), etc.

— Variability mechanisms:
Compiler directives, Inheritance, Parameters, Templates,
Separation of concerns, etc.

— Many methods for testing single systems

* We need concrete guidelines for choosing
— methods for testing
— variability mechanisms for test artifacts




Sl’h'l' Discussion Group on Design for Testability

2006 Testability has to be
non-functional requirement
with high priority

Requirements e Cases Review

v

Analysis Analysis-Models Guided Inspect.

Architect.Desi Architect. Descr.' ATAM

Models

le ] pe defined |
mea?@gg ermés%aghﬁd adapted it
the specific domain; poten

Detailed Design | Guided Inspect.

Coding

Product Deriv. #alintegration-

criteria: | System-
encapsulation, coupling agd
Development ____ cohesion; abstraction | Te: ting

Infrastructure, Tool Environment
[Based on: John McGregor, Tutorial 4]
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