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Abstract

Patterns have been successfully applied in product softwavelopment to improve the development process,
by facilitating reuse, communication and documentatiosafnd solutions. However, the testing domain is yet
to benefit from a similar approach. This although, identifyiand instrumenting patterns in test modelling to
facilitate reuse appears to be a promising approach for @dg the test development cycle. This paper presents
a pattern language for test modelling, i.e. a collection afterns and good practices known for improving the
test development process towards more efficiency and shietelopment cycles. Further, the paper presents first
experiences on applying those patterns in a case study.

1 Introduction

It is now widely acknowledged that testing is no longer justaat, but an engineering discipline in its own,
with test development following a similar process as gensoiftware development. Following a process similar
to OMG’s Model-Driven Architecture (MDA), Model-Driven B&ing (MDT) has been advocated as one way of
regaining control on complex test system development aedpected to yield comparable benefits for the test
development process as those experienced through MDA dalupt software development. The MDT approach
consists in developing abstract platform independentrtestels which are then transformed in iterative steps
into more concrete platform specific test models, until exadale test scripts are obtained [1, 23]. Patterns are a
method for reusing software methods and artifacts at thgulamodelling and implementation level that have been
successfully applied in various contexts. Patterns are ttsseapture experiences, expertise, and facts to improve
system quality and shorten the development cycle of softwgstems. In previous publications, we proposed a
similar approach for the design and implementation of tegtéems [33]. This is particularly interesting with the
growing popularity of MDT, which raises the level of abstian for test design, to a degree that it allows reuse of
concepts for new solutions.

The potential benefits of cataloguing best practices angnpatin test design has been advocated by several
authors before. Binder [3] discusses a test pattern tempdased on a pattern language of object oriented testing
(PLOQT) proposed by Firesmith [14] and introduces a cabkecdf test patterns from the object-oriented software
design domain. Meszaros [24] presents a collection of tagkems for unit testing. Howden [19] presents a
collection of patterns in selecting tests for maximum edetection. It appears that existing work on test patterns
tend to focus on interactions at the object level and arelyamplicable for higher level (i.e. integration, system,
and acceptance-level) testing whereby the applied pragiaghparadigm are less relevant. The only collections
of test patterns we found that address system-level teatmthe one provided by Delano et al [5] and Dustin [9].
However, Delano et al [5] focus more on the organizationpéets of test development as a process, rather than on
test design itself. On the other hand, Dustin [9] coversspkats of test development, with one chapter dedicated
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to test design and documentation. in 2005, the Europeandr@imunications Standards Institute (ETSI) started an
initiative on patterns in test development (PTD) in whicimgoof the patterns defined in this work were introduced
and discussed. However, to the best of our knowledge, naihe eikisting work attempts to formalize test patterns,
so that they could be instrumented to support the test dewedat process in an automated way. Our work is a
continuation of the aforementioned efforts by bringingettgr test patterns and test modeling concepts.

In this paper, we present a selection of test patterns we d@lexted so far by performing pattern mining on
existing test suites designed using different test modedind test scripting notations e.g. the Testing and Test
Control Notation [16] the UML Test Profile [29] or JUnit [21)Ve have compiled those patterns into a pattern
language for the modelling of tests for reactive softwargteays. Each test pattern is defined along a template we
introduced in previous work [33], but which was refined t@alith generic pattern methodologies. This work is
organized as follows: Section 2 presents a selection otgigatterns we have identified, before Section 3 reviews
the IMS case study along which the test pattern languagedwssuccessfully applied. The paper concludes with
an outlook for further research.

2 A Test Pattern Language for Black-box test design

Generic

‘ Aspect Dniven Test Modeling ‘

‘ Smart grouping in Test Models

‘ Follow a naming convention

Test Planning Test Architecture

‘ Pricritization of Test Objectives One-on-One Test Configuration

Link test objectives to | Proxy Test Component |
system requirements

| Centralized Test Coordinator |

‘ Link test objectives to bugs ‘
and system failures

Test Data Test Behaviour

| Purpose-Driven | ‘ Assertion-Driven ‘
Test data modelling Test Behaviour Modeling

| Flexible test data modelling | | Test compoenents factory |

| Dynamic test data pool | ‘ Time constraints ‘
on Test Events

Figure 1. Overview of Identified Test Patterns

We consider test design to be a process that starts from fimitide oftest objectives via abstract test models
through to executable test scripts. Therefore, we classdfiypatterns along the various activities of that process
into the following categories:

e Generic test modeling patterase those applicable to all activities of test design.
e Test objectives modeling pattermsccording to IEEE 829 [22], test objectivies

"identify and briefly describe the special focus or objeefigr a test case or a series of test cases.”

1Test objectives are sometimes also referred t@stspurposesest requirementsr test directivesn the literature
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Thereforetest objective modeling patterase used to model the requirements towards the system wesder t
(SUT) the tests will have to assess. Test objectives candveed as the equivalent to system requirements
in product development.

e Test proceduremodeling patterngire those that are applicable when designing the test puoeeébr each
of the test objectives.

e Test architecture modeling patterdsfine good practices and established recommendationkotisg and
designing appropriate test configurations. The test cordiguns describe the topology of a test system,
i.e. its composition as a collection of (parallel) test camgnts, interconnected among each other and with
the SUT and communicating through Points of Control and @asen (PCOs). Depending on the overall
goal of a test e.g. conformance, performance, functignabbustness, etc., different test configurations are
suitable.

e Test data modeling pattermescribe approaches for designing the data to be exchaegeddn entities of
the SUT and the test system in a given test configuration.detatdoes not only mean concrete parameters,
attributes or messages, but also constraints definingtessgrbased on which data received from the SUT
can be evaluated to assign a test verdict to a performedasst ¢

e Test behaviour modeling patterdecument approaches and principles for designing the bmivaof test
systems, i.e. the patterns of interactions between esiitia test configuration.

Pattern mining for these test design patterns can be driyemé or both of the following questions:

e Question 1: What is the best way for designing tests, so flegt\would help uncovering as many errors of
the SUT as possible, before it is delivered to end custom&i@ [

e Question 2: What is the best way for designing and modell@sgstso that the resulting test specification
and/or solution matches best main quality criteria sucleasability, maintainability, understandability etc.?

A pattern template is a list of subjects (sections) that aisem pattern [3]. The content of the test pattern template
depends on which of question 1 or question 2 above is the miaiimgl force for pattern mining. In [3], Binder
proposes a test pattern template, which is driven by quedtioOur pattern mining activities are mainly driven
by question 2, although question 1 is considered as wellrefbee, we took the test pattern template provided
by Binder [3] as the base for our own template, but modified itefflect the fact that our focus is more on reuse
than on effectiveness of the tests. The main difference dmtvour test pattern template and the ones proposed
in other work is that we have removed sections that play aifegertant role, when the focus is on quality of the
test design, on the test model and on efficiency in the testidement process. For example, the the subjects fault
model, entry criteria and exit criteria proposed by [3] pderple for code-oriented, white-box testing, are however
not/less relevant for function-oriented, black-box tegtifor which test models are being constructed. Instead, we
added however thapplicable test scop® capture the preconditions for applying test model pastelOur test
modelling pattern template consists of the following suatge

e Pattern nameA meaningful name for the test pattern.

e Context To which specific context does it apply? This includes thellaf test pattern (organizational vs.
design, generic, architectural, behavioural or test daty as well as the test scope for

2In previous works, the terrtest strategyvas used in this context, but we changed it to be in-line VERBE 829 [22]
3The test scope describes the granularity of the item undef26], which may vary from a low-level entity such as clafes (init
testing) to a whole software system (for system testing).
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e Problem What is the problem, this pattern addresses and which arfotbes that come into play for that
problem?

e Solution A full description of the test pattern including exampléspplications.

¢ Known UsesKnown applications of the test pattern in existing tesugohs (e.g. test specifications, test
models, test suites, or test systems) or by test modellipgoaphes.

e Resulting contextWhat impact does this pattern have on test design in geandcabn other patterns appli-
cable to that same context in particular?

¢ Related pattern®ptional): Test design pattern related to this one or systesign patterns in which faults
addressed by this test pattern might occur. This sectioptisral and will be omitted, if no related pattern
can be named.

e Referencdeptional): Bibliographic references to the pattern. Téegtion is also optional and will be
omitted, if no reference can be provided.

The test patterns refer to the following test modelling lzames:

e The UML Testing Profile (UTP [29]) is defined as a UML profile fdesigning, visualizing, specifying,
analyzing, constructing and documenting the artifactest systems. UTP offers test specific stereotypes
for test data, test architectures and for test behavior.

e The Testing and Test Control Notation (TTCN-3 [16] standaed by the European Telecommunications
Standards Institute (ETSI)) defined as a test specificatidriest implementation language for the modelling
and execution of automated tests. TTCN-3 uses a compositi@st components that stimulate and observe
the SUT and that locally evaluate the correctness of the S3d€tions. The overall test case verdict is
calculated from the test component verdicts.

e The Test Purpose Language (TPLan [32] also standardized By i& a notation for defining test purposes
(i.e. test objectives).

The test patterns have been mined from various test suitegeansolutions developed by us or being publicly
available. The test suites include

e the TTCN-3 Common Library [31]

¢ the collection of IPv6 test suites [31] used e.qg. for the IRgd brand

e the IMS benchmark test suite [7] used for performance tg3$ME server equipment

¢ the CORBA component test suite [2] used for integratioririgstf CORBA components

To facilitate the application of the identified test patgniney have been “implemented” into a UML meta-model
representing a test-specific notation called Unified Testiéliag Language (UTML [13]). Based on that meta-
model, a tool set is generated to guide test modelers in dgfteist specifications along the test patterns.

Figure 1 displays an overview of those patterns we haveifdshso far for each of the categories mentioned
above. In the following section, we present a selected swibfskose patterns.
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2.1 Pattern: Aspect Driven Test Modeling

211 Context
This pattern

e This pattern is a generic test modeling pattern and is agipkcat any test scope.
e This pattern is applicable for large size test projects.

e Itis assumed that test development is process running ailglato the development of the SUT, with both
of them having the requirements as a common starting point.

2.1.2 Problem

A test model covers both static and dynamic aspects of thteraythat is to be tested. The size and the complex-
ity of test models as well as the derived test systems can gomsiderably. Keeping an overview and a clear
understanding of the test model can turn into a difficult tadiow can it be ensured that, despite such size and
complexity,the test model is kept understandable and miamible?

Forces:

e Test models are intended to be used as means for communibatiween several entities in the development
process (system implementers, test designers, systegndediest implementers etc.).

e The test modeling activity should not turn into a bottlenéckhe test development process. It should be
ensured that different teams can work on the same test nmdpked up that process, if required.

e Synchronization issues between the people involved imtesiieling should be kept at a minimum.

2.1.3 Solution

Spread the test modeling activity over several test dessgrigach aspect of test modeling needs to be addressed
separately with all test modeling activities possibly lgegonducted in parallel. This is possible, if the test mod-
eling notation provides the ability for creating and imjagtmodules into each other, according to the Separation
of Concerns(SoC) pattern known from Object-Oriented saféadesign. Make separate modules for each of the
aspects(e.g. Test data, test architecture) to be addrasdddt each of those be a compilation unit, which can be
validated independently from others.

2.1.4 Known Uses

Instantiations of this test pattern can be observed in nousetest suites specified using one of the previously
mentioned notations. Generally the approach consisteatiog separate test models for test data, test archiéectur
and for test behaviour.

e UTML's modularization and import mechanism:

e TTCN-3 test suites defines tiraport keyword, through which existing TTCN-3 compilation erggi(mod-
ules) can be imported entirely or partly into new ones.Thiecenippet below from the IPv6 conformance
test suite [31] displays an example in TTCN-3 of a test sdntorting elements of other tests scripts
(modules) to build a test suite
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ETSLIMS_TestObjectivesiodel P [MSketworkingTestarchitecture. &

impprts impprts
IMSMetworkingTestStrategy] & IMSNetworkingDataI @ IMSNetWDrkingTest&rchitecture|ﬁ>
imparts impprts impdrts

[MSMetworkingTestBehavior| @

Figure 2. Example of UTML Test Model illustrating the ~ Aspect Driven Test Modelingattern: The main
test model comprises several different test models, each de dicated to a specific aspect of the test
process. The arrows indicate that a given test model (starti ng point) imports elements from another
one (end point)

module Atslpv6_.CommonFunctions {

I/l Importing Generic Libraries

//LibCommon

import from LibCommonBasicTypesAndValuesall ;
import from LibCommonDataStrings all ;

/l Importing test data modules

/I Liblpv6

import from Liblpv6_InterfaceTemplates all;

10 import from Liblpv6_CommonRfcsTypesAndValuesall ;

©CoOoO~NOOr~WNPE

12 // Importing test architecture modules

13 // Atslpv6

14 import from Atslpv6_TestSystemall;

15 import from Atslpv6_TestConfigurationTypesAndValues all ;

17 } //end module AtslpvBCommonFunctions

e Most of the existing scripting and programming languagesider testing (Python, Java, Perl etc.) provide
a modularization and import mechanism, that can be usedpteiment this pattern.

e TPLan also defines an import mechanism to include items akiimexisting files into new ones.

1 #include ’'root/MyTPLan/MyDefs. txt’

E6-6



2.1.5 Discussion

A difficulty in applying this pattern consists in ensuringatithe number of separate modules remains within
sensible limits. Otherwise, the effort of managing all flatactivities can reduce the positive impact of the patter
and even lead to less productivity. This is particularlychse, if different people work on the same files at the same
time, leading to issues of version controlling. In such sdke usage of an appropriate version controlling system,
along with clearly defined policies is highly recommended.af{ernative to this pattern would be to put everything
into one module. Which would make the issue of synchroromabietween parallel developers/designers even
more critical, because all entities involved would be astesand modifying the same resource in parallel and
one problem in the main module would create a blocking painttie whole test development process.

2.1.6 Reélated Patterns

This pattern is an application of the Separation of ConcatnaDivide and Conquedesign pattern known both
in generic software engineering, as well as in test design [9

2.1.7 References
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2.2 Pattern: Prioritization of test objectives

2.2.1 Context

e This pattern addresses test objectives modeling

2.2.2 Problem

Due to resource limitations, often not all test cases camysvbe developed and/or executed at a time. How to
design test objectives, so that key decisions can be takditeatly in the testing process. Key decisions include:

¢ When can test activities be considered sufficient to progidevel of confidence in the SUT, that is high
enough to allow its release?

e Which test cases need to be implemented and executed firgitdaok ones can be left aside for later stage
in the testing process?
2.2.3 Solution

As recommended by IEEE 829[22], introduce a prioritizatiaheme for test objectives in the test model. Priori-
tization should be provided for a test objective taken iittlially or for a group of test objectives. Test implemen-
tation and test execution can then be planned based on tréyphevel of the test objectives, to ensure that test
cases with highest priority are available on time beforelpod delivery.

2.2.4 Applicable Test Scope

This test pattern is applicable to any test scope

2.2.5 Discussion

Again, the size of the testing project and the time condisatrfaces should be taken into account, whenever the
application of this pattern is considered.

2.2.6 Known Uses

Prioritization of test cases is used implicitly in severadtances, though it is not always supported by the test
notation itself. Generally a separate tool is used to matlageaspect of the test process. However, it would
be highly beneficial to integrate it into the test modelinggass, so that appropriate tool support can be used to
provide guidance for more efficiency.

The UTML notation provides the capability to select a ptiilevel to be assigned for each specified test
objective and group thereof. Figure 3 displays a screenshethich thepriority field is being set for a UTML
test objective.

2.2.7 References
[10, 11, 8]
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<+ Test Objective TP_IMST2_GM_GEN_01

e Properky _ I I-.-'_alue I
Description '= Refer to the summary
Advanced 1d = TP_IM5TZ_GM_GEN_01
Implermentation Status '= IMPLEMEMTED
Motes L=
Priority

Test Procedure

Figure 3. Example of Test Objective Prioritization

2.3 Pattern: Linkage of Test Objectives to System Requirements

2.3.1 Context

e This pattern addresses the modeling of test objectives.

2.3.2 Problem

How to achieve confidence, that the SUT has been tested enfficiForces:
e 100% code coverage is an illusion
¢ 100% requirements coverage is achievable, but needs tenprov

e Would it be possible at any time to give an estimation of theemt coverage of requirements by the specified
test objectives? If so, that information might facilitatecésion making for releasing the product.

How to achieve traceability between tests and system rexqaints to enable automatic coverage analysis?

2.3.3 Solution

Provide a mean for linking each test objective to a (set afyirements or features of the SUT that it addresses.
Those requirements could be functional or non-functiofflk test objectives could represent a risk in relation to
the feature or a mean for verifying that the SUT meets theireopents

2.3.4 Applicable Test Scope

This pattern is applicable to any test scope

2.3.5 Known Uses

Known uses of this pattern include:

¢ The UTML meta-model'SestObjectivelement defines a reference to a series of requirementsehiisg
test objective covers

e The TPLan [15] notation also provides a similar conceptsrsitntax definition
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¢ Some model-based testing tools generate test objectieeijptans from state diagrams of the system under
the test (e.g Conformiqg’s QTronic too [20]). Since, the tdgectives are a result of a transformation process
from the system model, a link to system requirements is alsgiple, provided those requirements can be
mapped to certain paths in the state automaton.

2.3.6 Discussion

Benefits of this pattern include:

e The pattern facilitates the selection of test cases to addspecific products or features based on the re-
quirements they support.

e Traceability facilitates coverage analysis of the tesesagrsus the requirements.

One key difficulty in applying this pattern is to ensure thhtieges to the test model are propagated in both
directions of the link to avoid dead links and keep the testi@hgonsistent. The test modeling tool should take
care of that and update a test objective element accordiiigige of the covered system requirements is altered
(e.g. deleted, moved to another location, renamed etcch 8propagation of changes could be facilitated by the
usage of the same notation or of the same modeling techn®ogy EMF, MOF) for those aspects being linked
with each other. Otherwise, some serious maintainab@gyés might emerge.
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2.4 Pattern: Linkage of Test Objectives to Failures, Faults and Errors

24.1 Context

In spite of all testing efforts, errors in software are inagle and will eventually occur.

2.4.2 Problem

We want to avoid experiencing and fixing the same errors niemgst How can it be ensured, that the information
gathered in analyzing and fixing errors identified at the eseror through testing can be exploited for the benefit
of future testing activities and for improving the overallaijty of the software product under test?

Forces:

e Fixing errors is generally granted higher priority than amenting them.
e Besides, who cares about fixed issues?
e Developers lack of time to do such additional activities. t&ey tend to postpone them until they pop-up
again as higher priorities.
243 Solution

Provide a mechanism for creating links between the testtibgs and the fault management system. The mech-
anism should fullfil the following requirements:

e The mechanism should be integrated in the test developman&igement tool to ensure that it can the
process does not cost too much additional effort.

e Every time a failure is (inadvertently or deliberately) aigered on a version of the SUT, a test objective
should be created in the test objectives model to cover gfatd

e Provide technical means for enforcing that policy autooadii online (i.e. in the process of creating the
entries in the model repository) or offline (after the eletadrave been created)

e Automatically integrating the newly added tests in subsatjpegression tests would yield additional bene-
fits.
244 Known Uses

e Testopia [25] is a test case management extension to thekm@Nn bug management tool Bugzilla. How-
ever, due to time constraints, we have not used Testopitoyatalyze to what extent it applies this pattern.
Itis likely, that similar other tools exist on the markett e have not got the opportunity to look into those
for further analysis yet.

245 Discussion

The same type of potential issues identified forlthkage of test objectives to system requiremeiatisern (sec-
tion 2.3) also apply for this pattern.
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2.5 Pattern: One-on-One Test Configuration

251 Context

e This pattern addresses test architecture modeling.

e The SUT can be viewed as one entity providing a small set of gaatints and interacting with its environ-
ment following a sequential non-concurrent behaviour.

e Functional testing at unit or system level is the goal.

2.5.2 Problem

How to model a static test configuration for achieving tegtime SUT with highest possible efficiency.
The following forces come into play for this problem:

e Resources planned for testing are generally and straigbafd solutions are always welcome.

e The level of complexity of the test system should be kept asds possible, to avoid a situation whereby
the effort for maintaining it would exceed sensible amount.

e Usage of concurrency in the test system increases the risitrofiucing erroneous test behaviour and the
cost of the test system, because a coordination mechanisequged to control the choreography of test
components.

2.5.3 Solution

Design the test system as one single test component codrtectiee SUT in a way that it can send impulses to

it and verify its reactions to those impulses. One usual Wachieving this is by making the test component an
inverse of the SUT. Figure 4 displays two examples resultiagn applying that pattern. The upper part of the
figure shows a test configuration consisting of a single @siponent that uses one port both for sending impulses
to and receiving responses from the SUT to verify its corbettaviour. On the other hand, the lower part of
the figure illustrates a test configuration for an SUT prawdit different entry points for stimuli and responses.
Benefits: Having a single test component implies that syerikhation mechanisms based on message exchange or

MTC ptcPart

sutPort

testporty  SysPortl

sysPort2

testPort2

SUT Comp

testFort3  sysport3

Figure 4. Test architecture Diagram for One-on-One Pattern

other Remote Procedure Control(RPC) or similar mechandonsot have to be implemented at the testing side.
Variables defined in the test component can be used to desstates based on which decisions can be made on
the test verdict. Shortcomings: The test component has tdadenthe complete behaviour of system component

E6-12



it replaces. Depending on the level of complexity of thatdwbur, this might be more or less difficult to achieve.
Furthermore, having a single component makes it difficuttaal with concurrency at the testing side, if required.

254 Known Uses

This pattern is applied in numerous conformance test sufimsexample:
¢ the collection of IPv6 test suites [31] used e.g. for the IR brand
e the IMS benchmark test suite [7] used for performance tg3ME server equipment

¢ the CORBA component test suite [2] used for integratioririgstf CORBA components

255 Discussion

Potential difficulties in handling concurrent behaviowrfrthe SUT and to emulate similar behaviour to stimulate
the SUT.

256 Related Patterns

This pattern is the logical opposite to tlhentralized Test Coordinatdest pattern described in section 2.6. Itis
also referred to as th@entralized testetest pattern [12].

257 References

[12]
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2.6 Pattern: Centralized Test Coordinator

2.6.1 Context

e This pattern addresses test architecture modeling.

e This pattern is more applicable to integration and systesting. It is less the case for unit testing at the
class level. However, it can be applied for system testifgeraeby a unit testing framework is instrumented
for that purpose.

2.6.2 Problem
How to model a test configuration, that is suitable for loagerformance- or conformance testing on an SUT
requiring parallel and possibly distributed processing.

2.6.3 Solution

MTC

coordPortl coordPart? coordPort_n

PTCA PTC2 PTCn

testRortl testPort2 testRort3

sutFort2

sutPort3

Figure 5. Test architecture Diagram for Centralized Test Co  ordinator Pattern

As depicted on figure 5, this pattern features a test compawtimg as test coordinator and thus controlling
the life cycle other components it controls. Each of the iietd test components is connected to the controlling
component via a connection through which coordination agss can be exchanged to control the components’
behaviour. To keep the overhead of processing those catiminmessages as low as possible, to not affect the
proper test behaviour, coordination messages should keakegimple as possible in their structure. The real
testing activities are performed by the controlled testjgonents, which are directly connected to the SUT.

2.6.4 Known Uses

Several TTCN-3 projects such as [28] involving UTML protbtesting (Siemens) and [6] involving BCMP pro-
tocol performance testing.

EG-14



2.6.5 Discussion

An intelligent coordination pattern is required betwees iain test component and the parallel test components.
The additional load and delays created by that communitatimuld be taken into account while evaluating the
SUT component’s test results.

2.6.6 Related Patterns

This pattern is the opposite of tl@ne on One test configuratigrattern defined in section 2.5

2.6.7 References
[12]
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2.7 Pattern: Purpose-Driven Test Data Modeling

2.7.1 Context
2.7.2 Problem

How to ensure, that all the test data model elements reqimred test suite have been defined ? In large test
development projects involving more than one test engime®king on the same test model, there is a need
to ensure that redundant data is not defined at many instimt¢ee same test suite, thus negatively affecting
readability and maintainability. E.g. in TTCN-3 test ssjtéoo many templates might be defined under different
identifiers, although they represent the same test datanicss, in terms of functionality. Such redundancy in a
test system can affect its understandability and mainidita

2.7.3 Solution

Assign each defined test data a rule specifying what makegsheata unique and what purpose it fulfills in the
test suite. Additional benefit might be obtained by using &imree processable notation for specifying the rule
associated to the data instance. For that purpose, aniasdartguage such as OCL can be used. Based on that
rule, before a new test data would be added to the test modal) be checked automatically, if another test data
meeting the associated criteria does not exist yet in thiertedel and a warning issued accordingly.

2.7.4 Applicable Test Scope

This pattern is more applicable to integration and systestin@g. For unit testing, the efforts implied would
outweigh the potential benefits of applying the pattern.

2.7.5 Known Uses

e The UTML associates each test data instance with a set ofraorts it meets

e The Classification Tree Method (CTM) and similar class fiarting approaches for data generation are
applications of this pattern.

2.7.6 Discussion

A post-analysis of the test model [27] can also help ideimgfyand addressing this problem.
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2.8 Pattern: Reusable Test Data Definitions

2.8.1 Context

e This pattern addresses test data modeling.

2.8.2 Problem

How to facilitate reuse of already defined test data arsfact

2.8.3 Solution

To facilitate reuse of already defined test data artifacts @oth types and instances) the test modeling notation
should provide a mean for referring to existing test datanelds in the test model. The relationship between
the original test data artifact and the new one can be basedtension or restriction. An extension means, all
the rules of the original remain valid, but are extended wihv additional rules. E.g. for a data type definition
an extension may consist in adding an additional field to #i&tiag structure of the type. On the other hand, a
restriction maintains the structure of the original dat#aut as-is, but adds new constraints to it. An example
of constraint would consist in making mandatory a field thaswreviously defined as optional in a data type
definition.

2.8.4 Applicable Test Scope

This test pattern is applicable to unit, integration andesystesting

2.85 Known Uses

Mechanisms for extending/restricting existing test datifeats are provided by several test notations (e.g. XSD,
TTCN-3, UTML). Classical object inheritance, as suppotbgdseveral object-oriented programming languages
can also be instrumented to implement a similar result,timsbns whereby they are used for test scripting.

2.8.6 Discussion

If the test notation supports a form of inheritance, it waltilitate the application of this pattern.

2.8.7 Reéated Patterns

This test pattern can use tBefault valuesthe Boundary valuesind theDomain partitioningtesting techniques
described in numerous publications to instantiate thelrset of reusable test data definition.

E6-17



2.9 Pattern: Dynamic Test Data Pool

2.9.1 Context
2.9.2 Problem

Statically defined test data restrict the coverage of ths,tbecause they increase the risk of ignoring certain areas
of the testing domain. Certain tests require for test-dataet generated dynamically, at test execution time, on
an “on-demand” basis. This can be very useful in situatiohereby it would be too costly to define all test data
statically. Furthermore that enhances the quality of thtstas each set of test will be created very specifically for
the objective to be addressed by that test case.

2.9.3 Solution

A dynamic test data pool is an entity which can be called viaeglgfined API to generate test data dynamically,
i.e. during test execution. For that purpose, the data poptdvided a set of criteria, which the generated data
is supposed to fulfill, and based on which an appropriatedats instance will be selected or generated to be
returned to the calling entity. For expressing the criteniahe test data, a constraint notation such as the OMG
Object Constraint Language (OCL) or any other similar notais recommended to allow automated processing.

2.9.4 Applicable Test Scope

This Pattern is applicable to any test scope

295 Known Uses
e This pattern is applied by IBM Rational Tester to generasé data based on class partitioning. [30]
e The Classification Tree Method (CTM) [18] follows a stratesimilar to this pattern, with each branch of
the classification tree representing a constraint fulfilgdhe associated data.
29.6 Discussion

The mean for defining the selection criteria of test dateaimsts is a critical aspect of this pattern. The chosen
notation should base on a clearly define syntax to allow tieria to be processed automatically while selecting
matching data instances. Using natural language insteattiwmnificantly reduce the impact of the pattern.

29.7 Related Patterns

This pattern is sometime combined with ttass partitioningpattern, whereby equivalent classes are defined and
test data are dynamically generated for each class, basésidefining criteria.
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2.10 Pattern: Assertion-Driven Test Behaviour Modeling

210.1 Context
e This pattern addresses test behaviour modeling.
e This pattern can be applied to unit, integration and systesting.

e Test models are intended to be used by different types obpsrawolved in the product development
process.

2.10.2 Problem

In many situations, it is very difficult to understand and toenunicate what a test case is actually checking on
the SUT and how it achieves that task. This adds another défficulty to communication between the entities
involved in testing or affected by it. How to ensure, that ithient of each test case can be quickly understood,
without having to navigate too deeply into the test scriptisrce code?

2.10.3 Solution

While modeling each test case, the focus should always Heolaiwhat behaviour is expected from the SUT
for that particular test case. Even if an erroneous behavioexpected, then theositive pathfor the test case

is the one to be visible from the test case’s design and imghéation. We define the positive path in a test
script for a test case as the one leading RA&Sverdict. That means, there should be no “positiF&IL verdict.
Furthermore, unexpected behaviour in testing should notdmeled explicitly in test behaviour model, but should
rather be handled implicitly by some exception handlingimilar mechanism, based on the expected behaviour’'s
model. Otherwise the test model loses in readability andhtaimiability.

2.10.4 Known Uses

e The UTML notation makes extensive use of this pattern to ddBmplates of test actions, which can then
be combined to design a complete test behaviour.

e Several TTCN-3 test suites define functions for key actiorthé test scenarios and invoke those functions
in the test cases, instead of putting all the details of tlag$iens at the highest level of the source code, i.e.
the test case level. Key actions include sending an impal#getSUT, receiving a given response from the
SUT, checking that SUT’s response meets some defined cotstaad assertions etc.

e The TTCN-3altstep-defaultmechanism can also be viewed as an application of this pat#&efTTCN-3
defaultbehaviour is one that is used as alternative whenever aitigymspecified behaviour does not occur.
Activating/deactivating a TTCN-altstep-defaulswitches it on/off as possible alternative behaviour.

e xUnit (JUnit, HTTP-Unit . ..) use this test pattern. In JUaitd frameworks based on JUnit, the test cases
mainly consist of assertions to be verified on objects angegirom returning methods. If any exception is
thrown in the process BAIL or anERRORverdict is set for the test case.

2.10.5 Discussion
2.10.6 Related Test Patterns
This pattern provide the base for all xUnit Test Pattern$. [0 it is widely used a&ssertion-Based Verification

for various software domains ranging from UML to embeddesteps.
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2.10.7 References
xUnit Test Patterns [24]
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2.11 Pattern: Timing Constraints in Test Behaviour

2.11.1 Context

e This pattern addresses test behaviour modeling

e Unpredictable behaviour can occur in the test executionge® triggered by the SUT, the test system or
elements of the test environment.

e Test execution should be automated as far as possible tog@bsts and save time (night runs)

2.11.2 Problem

Situations of deadlock or livelock during test executiohewdd be avoided to ensure that one test case does not
block the execution of the remaining test campaign. Exoegtisituations in test scenarios involving interactions
between test components among themselves or with SUT canmust be handled appropriately and take
such unpredictable behaviour into account.

2.11.3 Solution

Define timing constraints on test actions involving morentbae component. E.g. for each action representing
an impulse to an SUT component or an expected responsegdpraviming constraint to allow the test system to

recover, if the action does not complete smoothly. The tingionstraint can be defined via a timer which is started
shortly before the action is started and which would triggeevent, if it expires before the action has completed
as expected.

2.11.4 Known Uses

e In TTCN-3 a so-called guard-timer can be used to define a gjroémstraint for an expected signal on a test
component. The guard timer’s expiration, while waiting #oreaction from the SUT, triggers an event, that
can be handled to set the test verdict accordingly.

¢ Real-Time TTCN-3 [4] proposes to extend the TTCN-3 notatidth the concept of this pattern.

e The UTML notation applies this pattern by attaching a tinpgdfication to every specification of an event
expected as response from an EUT.

2.11.5 Rdated Patterns

This pattern is equivalent to tHatencytest pattern mentioned in [4] and used in performance tgstirvarious
kinds of servers (e.g. web, application etc.).

3 Evaluation of the Approach: IM S Case Study
3.1 MDTester: A Pattern-Oriented CASE tool for testing

Integrating patterns in a process requires a suitable pontteat would allow the creation of new artifacts in
a flexible and efficient way, while at the same time ensurirgg the rules defined by the patterns are followed

in the creation process or can be verified afterwards. Dor8pgtific Modeling Languages (DSML) provide a
good mean for integrating patterns to a given process.|lfilscause they operate at a level of expression, that

E6-21



Test Pattern Implemen- | Application
tation to Case
Status Study

Separation of concerns Yes Yes

Grouping of concerns Yes Yes

Naming convention Yes Yes

Prioritization of test objectives Yes No

Linkage of test objectives to system reYes Yes

quirements

Linkage of test objectives to failures | Yes No

One on One Yes No

Proxy test component Yes Yes

Centralized test coordinator Yes Yes

Purpose-driven test data modeling | Yes Yes

Flexible test data definition Yes Yes

Dynamic test data pool No No

Focus on expected test behaviour Yes Yes

Test component factory No No

Time constraints Yes Yes

Table 1. Summary of Test Patterns and Status

is abstract enough to express concepts in a solution-imdiepe, but yet formal manner. Secondly, because they
can be tailored precisely to define model templates and ia$sdaules, that are specific to the targeted process’
domain. Therefore, to evaluate the impact of the patternpmgsented in section 2, we defined a UML MOF
Meta-model for a DSML dedicated to black box test enginggrirhe particularity of this DSML is that, tests are
modelled based on meta-elements representing the pattermentioned earlier.

3.2 The IMS testing case study

Following an MDE process, we developed MDTester, a CASE (Qaer-Aided Software Engineering) tool
to support pattern-oriented test engineering. The MDTdstd was used to design functional tests for the IP
Multimedia Subsystem (IMS) architecture. Table 1 liststa#it patterns and their implementation status in the
prototype tool, as well as their application to the IMS casel\stest model.

The impact of model-driven and pattern-oriented test agrakent can be analyzed from a quantitative and
a qualitative view point. The purpose of quantitative asizlyis to evaluate how productivity is affected by the
introduction of the methodology. On the other hand, qualtaanalysis aims at measuring the effect on quality
factors, both of the process itself and of its output, i.e.dbnerated test scripts. The goal of the case study was to
analyse both the qualitative and the quantitative aspédigbimpact and at the same time, to compare the results
with those obtained with a “traditional” test developmeppgpach.

3.21 Quantitative Analysis

A key metric for quantitative analysis of any developmertdgess is productivity. Evaluating the productivity of

pattern oriented test development is a relatively stréogivard task. For that purpose, we simply have to correlate
the output (e.g. number of implemented test cases) to thestes effort (e.g. number of person-days/person-
months involved) for a project or a series of projects. Haveto measure the impact of introducing a new
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Project Dura- | Produced Productivity

tion(Days) Test cases (Test cases/-
Day)

5 19 3.8

Table 2. Results of Applying Pattern-Oriented Test Enginee ring to IMS Case Study

approach on that productivity is a less trivial task, beegu®ductivity data before and after the introduction of
the new approach need to be compared with each other. Ideedipsure a fair comparison, at least the following
conditions need to be fulfilled:

e Both methodologies should be applied on the same case sthdystarting point for both test development
approaches should be the same system specification ordaestgigeting the same SUT

e Separate teams should apply the methodology, each onééwsadseparate project.
e The same time frame will apply to both projects and resultsheicollected at the end for evaluation.
¢ Both teams should have comparable level of expertise in tegpective field.

However, we could not provide such an ideal setup for our IMSecstudy. Therefore we had to base our quan-
titative comparison on assumptions resulting from siatisanalysis of past TTCN-3 test development projects.
Table 2 summarizes the results obtained, after applyingdktern-oriented test development methodology on the
case study. Taking into account that the project duratios seh to 5 person-days and that a total result of 19 test
cases were implemented at its end, productivity factor i5 £33.8 test cases/day. It should be pointed that, this
result was obtained with team of designers with a rather éwmellof testing and modelling expertise. Therefore, it
can be assumed that slightly higher results would be oldairnth experienced test designers.

To measure the productivity gain generated by our approaehgcompare our results with those generally
obtained through “traditional” test development appr@achFigure 6 depicts the evolution of productivity gain,

ity Gain with i Test {Hhole Process}

"E3\Mork\PhD\UTHL\evaluation\productivity_gainl.txt” ——

Productivity Gain (%}

1 2 3 4 5 ]
Productivity of Traditional Test Approach

Figure 6. Productivity Gain From Pattern-Oriented Test Dev  elopment, without taking into account the
impact of Test Objectives and Test Procedures

depending on the productivity obtained without pattenerted test development. Generally, for TTCN-3 test
development, realistic estimations of productivity ratgdween 2 and 5 test cases/day. Therefore,the plot on
Figure 6 indicates that, if the existing process allows alpection rate of more than 4 test cases/day (including
test objectives definition, test procedure design and deatewion), then applying our methodology would rather
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cause a productivity loss. On the other hand, the proditauld be significantly improved (30 to 90%), when
the production rate of the existing methodology is betwean®4 test cases/day. Moreover, if we estimate that,

ivity Gain with i Test Developnent (Test Systen Design Only}

"E3\Mork\PhD\UTHL\evaluation\productivity_gain2.txt” ——

Productivity Gain (%}

1 2 3 4 5 ]
Productivity of Traditional Test Approach

Figure 7. Productivity Gain From Pattern-Oriented Test Dev ~ elopment Based on Pure Test System
Design

the specification of a test plan (test objectives) and of pestedures consumes 20% of the effort in pattern-
oriented test development and are generally not taken oaoust, when estimating the productivity of the test
development process, then the productivity gain is evendrjgas depicted on Figure 7.

3.2.2 Qualitative Analysis

Using model-driven approach to test development offersdewange of qualitative benefits, compared to tradi-
tional development approach. Test models offer a highed levreadability, maintainability, documentation and
flexibility that plain test scripts and non-formal notatsor-urthermore, existing MDE frameworks (e.g. Eclipse
EMF, TOPCASED) provide a wide range of functionalities foeating, managing, validating and transforming
models, that can be used to provide powerful tool chains ppat the process. However, a source of general
concern is the quality of the test scripts generated auioatigt from the process. For our case study, we used
the TRex [34] tool to measure the quality of the generated N93test scripts. The authors of TRex define a
metric calledTemplate couplingranging between 1 and 3) to measure the maintainabilityT@N-3 scrips. The
automatically generated IMS test scripts scored 1.015 anntietrics, indicating the high level of maintainability
of those scripts (1.0 is best).

4 Conclusion and Outlooks

This paper has presented first ideas on a pattern languagstafasign based on a template defined for that
purpose. First experiences with that prototype tool chawvelshown some promising results. However, model-
driven test development has not reached a high level of populyet. Therefore, some of the patterns described
here can only be considered as mere candidates and willeciguiher analysis with regard to their usability and
their consequences. Also, we have presented a case studyidh thiose patterns have been applied to develop
tests for IMS. An analysis of the approach through that caglysndicates that it can significantly improve the test
process, both quantitatively and qualitatively. In theufat we intend to conduct further case studies to analyze
the impact of the approach, when developing tests for otberaihs.
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