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ABSTRACT

Using COTS components in theoftware development
process introduces neproblems tosoftwaretesting. In
particular, a consumefuser) of aCOTS component
typically does not have source code access nor iavsaie

of how well the component has been tested or how to best
test it embedded irher own application. She alsdoesn’t
have any well-established guidelines for integratiest
adequacy. This paper proposes a solution to this problem:
software components with retrospectors, whiakecord
testing and execution history of a componeahd make
testing informationavailable to softwaretesters. This
paper analyzethe problems of testingomponent-based
software, introduces retrospector technigaed discusses
how retrospectors can help test component-based software.
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1 INTRODUCTION

In 1987, Brooks speculated that software reuse (buy versus
build) might provide a silver bullet fasoftware engineers
[Bro87], the hope being thabftware reuse wouldchieve
higher software productivity and greater quality. Yieire
than ten years later, treoftware engineering discipline is
still not seeingsatisfactory results. Thecentemergence

of component-based softwamgodels, however, gives the
discipline new hopes. Widely used commercial
component models, such as SulésaBeangHam97] and
Microsoft's COM [Rog97], establish consistent and
powerful component-based software architecture models,
which enablesoftware developers to shatieeir software
very effectively.

With the help of these component modemftware
organizationsand software developergre now able to
produce software componentsand sell them to other
organizations ordeveloperswho use them as building
blocks in constructing their owrsoftware systems.
Component producers typically don't have specific
knowledge ofthe futuresoftwaresystems that will use
these components or how they will bsed. On thether

hand, component consumers who use these components to
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build softwaresystems typically donthave access to the
components’ sourceodenor do they necessarilgeed to
understandt. If the properinformation is passedboth
ways, therecould be aCOTS (Commercial-Of-The-Shelf)
software component market thatvould greatly benefit
both component producers and component consumers.

This would be a wonderful worldor software engineers.
Yet, as the COTS componemarket emergesseveral
problems other than tharchitecturetechnology itself
arise. Among these problemssdsftwaretesting, which
is the theme of this paper.

2 PROBLEMS OF TESTING COMPONENT-
BASED SOFTWARE

Traditional softwaretesting techniquesusually assume
that software testers have completewledge of software
requirements, softwarienplementation(source code), and
the execution context (environment). In theorld of
COTS component-based software development, however,
this is not the case.

First, COTS component consumers dawtessarilyhave
access to the source code of these COTS components. The
testers of component-based software, i.e. soft@gstems
that use COTS components, can’t use existing integration
testing techniques, which typically require accessoiarce
code andvon't work in this situation. For example, the
Path-BasedIntegration testing technique [Jor95] and
object-oriented integratiotesting techniqueq4JE94], both
need source code of components to construct
Method/Message Path Graph to perfdime testing. How
can a consuming organization’s testers perform integration
testing and make sure the resulting software systeons
properly without access to COTS compongotircecode?
They can't; thus, new testing techniques are needed.

Second, even if consumers do have access to afioiivee
code of COTS componen(®r instance, by payingnore
to purchasghem), they stilineed totest thecomponent-
based software thoroughly yet avoid repeating the
producer'stesting activity. After all, it is the producer's
responsibility to fully test a COTS componebéfore
deliveringit. The consumer shoulfist have to make
sure that their usage of the component is consistéht



its intended usage, that it doesn't emphasize any problems software tool with which software testers testCOTS

andthat the wholesoftwaresystem is working properly.
An additionalproblemobserved by|Ros97], however, is

components and component-based software. It is
analogous to &uilder tool, a component fodavaBeans,

that often software that uses a component might bypass a which refers to a softwarg¢ool with which software

part of that component. Traditional test coverage
techniquesdon't takethis into account bysupporting the
skipping of unused source codgo, evenwith full access
to COTS componensource codethe component-based
software testerequipped only with traditional testing

techniqueswill have difficulty carrying out effective

testing.

Third, COTS componenproducers donot completely

know the future execution context of the component that

they arewriting. They usually make sonsssumptions.
But without proper techniqueand tool support, COTS
component producers can't express tlasisumption about
the component explicitly Mismatched assumptions of
different components cause architectural mismatch
[GAO95] for COTS component users who wish to
integrate these components into one system.

Current popular component models suchlJagBeans and
COM don'taddresghese software-testingsues. As the
COTS component market maturaisd adoption of COTS
components increases, these testing problemsadibme
a major barrier towards wider acceptance dfese
component models. In this paper, we proposgag to
enhancecomponent modelandsolve these problems by
adding retrospectors to software components.

3 SOLUTION: ADD RETROSPECTORS TO
SOFTWARE COMPONENTS

What is needed tosolve theaforementionedproblems of
component-based softwatesting, is a mechanism to
enable componentproducers to prepardghe COTS
components for any future usagand to advise future
component-based software developnsut the testing of
any component-based softwarecontaining these
components. With the help of such a mechaniasters
of component-based software can perfortesting
efficiently, in particular, to test theomponent-based
softwarethoroughly yetavoid repeatindesting fortested
COTS components. We propose a mechanisatied
retrospector that is added to each software components.

3.1 Definition of Retrospectors

A retrospectoris a softwareentity that assists the testing
of a softwarecomponent byrecording the testing and
execution history of a component. fetrospector is
analogous to anntrospector which is a JavaBeans
fragment that records static component information
[Ham97]. A retrospector communicates with builtieols
and tester tools tomake all related testing information
available to softwardesters. Here, atestertool is a

developers manipulate COTS components tduild
component-based softwafelam97]. A retrospector also
records acomponentproducer's recommendatiombout
test cases foandusage patterns of that component. In
short, while an introspector of a componeatords and
reports static information of the component hailder
tools, a retrospector records and reports dynamic
information of the component to botbuilder tools and
tester tools.

A retro-componentis a software component with a
retrospector. A retro-component is a software component
in that it complies with all current requisites osaftware
component, no matter which component modeldspted.

In addition, a retro-component has ratrospector that
maintains testing and/or dynamic execution history.

3.2Benefits of Retro-components

Retro-components can help wisbftwaretesting forboth
component producers andcomponent consumers who
develop component-based software.

For componenproducers, retrospectors céelp record
testing history and perform coverage analysis.
Furthermore, with the help of retrospectors, it is possible
to collect execution information of software component
from component users. Smtrospectors camlso help
carry out perpetual testing [Ost96].

For component consumers, retrospectas make areat
difference.With the recommendation ofest cases from
retrospectors, component-based software testaralesign
test cases more easily and effectively. With the results of
test coverage analysis from retrospectors, testershaoes
better knowledge ofhow extensive the testsave been
thus far and can decide when to stop softvt@sting more
precisely.

Furthermore, retrospectorsan assist component-based
software developers other than testers. The usage patterns
stored in retrospectorsaare actually precious design
information of the components. Thegan help
component-based software developers to under€&mS
components better and quicker.



3.3 SlideViewer: an example

As an example, let'sonsider acomponentSlideViewer.
Object SlideViewer is the only objectinside this
componentlt has four methods:

* Previous: Go to the slide show's previous image

* Next: Go to the slide show's next image
» Hide: Hide the slide show
e Show: Show the slide show

Previous Show

Picture 1. Component SlideViewer

If the coding style of SlideViewer complies with a
component model specification, fexample,JavaBeans,
SlideViewelbecomes a JavaBeans component, a bean. To
become a retro-component, compon8hideViewermust
also have a retrospector. Howevethe component
producerdoesn’t have tawrite a retrospector, although it
is recommended. Ithe coding style of SlideViewer
complies with Retro-Spec(the specification common
properties of retro-components)dafault retrospector can
be created for this component. So a prograntaprtake
advantage ofall benefits of retro-componentwithout
doing any coding. The content a6 default retrospector
would be as shown in Table 1:

1 Of course, to be practicablideViewerwould needmore
methods. For simplicity, let's supposere that only
these four methods are of interest.

As stated in [Szy98], a component is a unitdeployment
and might contain more than one object. Again, for
simplicity, let'sfocus on the simplease ofone object,
one component in this example.

ENTRY VALUE
Supported coverage Path coverage
analysis methods Statement coverage
Path Definition Source code level path
coverage coverage
Recommended| ™
next test case
Current 0%
coverage
recommended | 80%
coverage
Test case Next untested meaningful
generator test case
fgﬁ‘}gggg Definition Source code level statemefnt
coverage
Recommended| ™
next test case
Current 0%
coverage
recommended | 95%
coverage
Test case Next untested meaningful
generator test case
Meaningful test cases [ "Show" | "Next" |
"Previous" | "Hide" T*
Coverage analysis method Statement coverage
as recommended by
component producer
Execution history NIL

Table 1: Content of default retrospector of
retro-component SlideViewer

Notice that the twalefault coverage criteria heage both
source code basedrlhis doesn't conflicwith the goal of
retrospectors, to help testingithout componensource
code. A retrospectawill include sourcecode coverage
analysis by providing @ompiled version ofthe source
codeinstrumented as necessary sapport thecoverage
criteria. In this way, the users oétro-component don't
have access to source code, but still can la@eess to the
source code coverage analysis methods in the retrospector.

Here in the default retrospector, the "Meaningful test
cases" expression < "Bhow" | "Next" | "Previous" |
"Hide" ] * > was generatedccording tothe four methods.
This regular expression actually includedl possible
combinations of any invocations of these four methods in
any order.

The programmecanalso customize the retrospector. For
example, she might add one user-defined coverage criterion
to the retrospector. Ithis example, weadd a coverage



criterion that only cares about fouser-definedest cases.
After testers execute all of these four test cathes,user-
defined coverage criterion will report 100% coverage.

Even though very simple, this customized retrospector can

greatly help unfamiliar users of this componenthmose
the first few test cases.

The programmer can also writés own "Meaningful test
cases" expression t@placethe defaultone. Usually the
one that is written by thprogrammemill include more
semantic information of method invocatioaad thus is
more precise.

The resultingcustomized retrospector shown in Table
2.

Besides acomponentproducer, acomponent consumer,
such as a testecan customize the retrospectdpo. For
example, a tester can add one entry "Meaningfsi cases
specified bytester"and write an expression fohis own
interestedest cases. Hean then instruct the testase
generator to use this expressiastead ofthe onedefined
by component producer.

For example, if a tester ofomponent-based software
which uses componerglideVieweris not interested in
button “previous”, hecan add his own “Meaningful test
cases specified by testeghtry with a value <"Show” [
“Next” ] * “Hide"> . Then the testcase generatawill not
generateany testcase related tOprevious”. This feature
of retrospector is especially useful whe@OTS
component consumers only usefraction of functions
provided by COTS components, whiclihappensvery
frequently.

After this retro-component wasxecutedwice in a tester
tool, once with a test case that contains invocatiofouo
methods inorder of "Show", "Next", "Hide", oncewith

another testase of'Show", the status of itsetrospector
will change as shown in Table 3.

Notice that here the parameters arenot recorded in
"Execution history". This isbecause inthis example,
none of the methods actually takes parameters.otiar
cases where parametere significant, theinstrumented
code would capture their values and they wouléhbleided
in "Execution history".

All information listed in the above tablese accessible to
developers from testeools orbuildertools. Thus, with
the help of retrospectors, testers oémponent-based
software can veneasily checkthe currentstatus of any
retro-component at any time.

ENTRY

VALUE

Supported coverage
analysis methods

User-defined coverage
Path coverage
Statement coverage

User- Definition percentage of specified test
defined cases executed
coverage | Recommended| "Show"

next test case

Current 0%

coverage

recommended | 100%

coverage

Test case Next untested test case in th

generator specified test case list

Specified test :gﬂg‘x.'.’ "Hide"

case list "Show", "Next", "Hide"

"Show", "Next", "Next", "Hide"

Path Definition Source code level path
coverage coverage

Recommended| "Show", "Hide"

next test case

Current 0%

coverage

recommended | 80%

coverage

Test case Next untested meaningful tg

generator case
fé?/tggggt Definition Source code level statement

coverage

Recommended| "Show", "Hide"

next test case

Current 0%

coverage

recommended | 95%

coverage

Test case Next untested meaningful tg

generator case

Meaningful test cases

"Show" [ "Next" | "Previous"
1 * "Hide"

Coverage analysis method
as recommended by
component producer

User-defined coverage

Execution history

NIL

Table 2: Content of customized retrospector
of retro-component SlideViewer



ENTRY

VALUE

Supported coverage
analysis methods

User-defined coverage
Path coverage
Statement coverage

User- Definition percentage of specified test
defined cases executed
coverage | Recommended| "Show", "Hide"
next test case
Current 50%
coverage
Recommended| 100%
coverage
Test case Next untested test case in fhe
generator specified test case list
Specified test :gﬂg‘x.'.’ "Hide"
case list "Show", "Next", "Hide"
"Show", "Next", "Next", "Hide"
Path Recommended| "Show", "Hide"
coverage | next test case
Current 30% (not real data)
coverage
Recommended| 80%
coverage
Test case Next untested meaniful tes
generator case specified by testers
fé?,tggg’;t Recommended| "Show", "Hide"
next test case
Current 60% (not real data)
coverage
Recommended| 95%
coverage
Test case Next untested meanifud tes
generator case

Meaningful test cases

"Show" [ "Next" |
"Previous" ] * "Hide"

Meaningful test cases
specified by tester

"Show" [ "Next" ] * "Hide"

Coverage analysis method
as recommended by
component producer

User-defined coverage

Execution history

"Show", "Next", "Hide"
"Show"

Table 3: Content of customized retrospector
of retro-component SlideViewer after
execution of two test cases

3.4 Design principles

When specifying Retro-Spec, we want follow the
following principles, whicharesimilar to thesuccessful
design principles of JavaBeans [Eng97].

3.4.1 Automatic Retrospection

The default behaviour of retrospectors should allow
automatic retrospection of any retro-component.
Developers can choose tmplement aRetrospectorinfo
class toprovide testing information with itsassociated
retro-componentexplicitly, or just to use predefined
Retrospectorinfoclass without doing anything. The
predefinedRetrospectorinfoclass should become part of
Retro-Spec.

As long asdeveloperdollow certainsimple coding style,

the default behaviour of retrospector should dovary

satisfactoryjob. The default of automatic retrospection
help keep retro-componensmple to create anckasy to
use.

3.4.2 Design-Time vs. Test-Time vs. Run-Time

In Retro-Spec, a retro-componemill have three modes,
design-time, test-timeand run-time. Instances of
Retrospectorinfaclass usuallyare usedonly in test-time
mode and wouldn't becarried into run-time mode (this
capability might, however, bedesired for operational
testing orperpetualtesting). Thiscan help keep retro-
components lightweight in final execution mode.

3.4.3 No Requirement on Visibility

There is norequirementhat aretro-component should be
visible at run-time - e.g. at theserinterfacelevel. An
invisible run-timeretro-component shouldlso be shown
visually by tester tools. Theetrospector technique works
for any reusablesoftware components, visible omot.
However, currently most availab@OTS components are
run-time visible components. So our experimentetro-
components will begin with visible components.

3.4.4 Flexible
Generators

Retro-Spec allowsproducers andconsumer testers to
associate custom testcase generatorsvith a retro-
component. This custom test case generator, if written by
component producers, actually records component
producers' knowledge about the function and
implementation of theretro-componentand is very
valuable duringtest time (bothduring continuedesting
by the producer or lataesting by the consumer). On the
other hand, being able to write their own custom tese
generators, consumer testeran makeuse of it as a
convenient testing tool.

Test-Time Component TestCase



3.5 Prototype Support

Our initial prototype support for Retro-Spec will based
on one popular component model, which warently
expect to be JavaBeans. However, wendbintend our
Retro-Spec to be tied tany single componeninodel.
Instead, our goal is to keep the specification for
retrospectorsmodel-independent sthat any component
model could easily adopt it.

After choosing a component model as our base component
model, we havawo ways of implementing Retro-Spec.
One way is to incorporate it as part the component
architecture specificatiorand make it part of future
versions of the componenmhodel specification. Retro-
Spec doesnftequire any additional languagenechanism.
It is a codingconvention plus dew class librariesand a
few tools (possibly including onepre-processor to
instrumentsourcecodefor sourcecode coverage criteria).
So, from a technical point of view, itisatural to make it
part of the componennodel specification. However, as
popular component model specificationsuch as
JavaBeansand COM are maintained by industry
companies and we're university researchers, tinégat be
some barriers to this approach.

Another approach is tamplement the Retro-Spec as a
separate model ontop of the componentmodel
specification. We willdevelop a separatet of tools to
support retro-components. Although trapproachwill
require greateeffort, it seems thesafer one to embark
upon. It is always possible adoptthe second approach,
and then after demonstrating success, to follow through
with first approach.

4 RETROSPECTORS
TESTING

Researchers in perpetual softwagesting are working to
support seamlessperpetual analysisand testing of
software from requirement specification through
deployment [Ost96]. If the userand developers of
component-based softwaagree tokeep retrospectors the
final releaseversioninstead of deletingll retrospectors
before software release, retrospectors wamain active
after software deploymerand keep collectingthe actual
usage,real interactions with real softwareusers. The
information collected by retrospectors candemtback to
software developers periodicallynder the agreement
between software developeasdusers. Thisfeedback is
very valuable to software developers and could become the
starting point of in-depth perpetual softwardgesting
practice.

AND PERPETUAL

Although perpetualtesting is avery newresearch area,
researcherfiave alreadyfound out two characteristics of
perpetual testing. Perpetual testing should be continuous
andincremental [Ost96]. Asetrospectors collediesting

and execution informationcase bycase, theycan serve
very well as a mechanism to support perpetual testing.

5 SUMMARY

Our research in component-bassaftwaretesting is still

in its infancy. The conceptiescribedchere arestill in an
experimental stage. Yet, the importancetluf research

is undoubtedly clear. As component-bassoftware
development becomdbe main streamapproach used by
software engineers world-wideesting component-based
softwarewill soon becomethe most time- &money-
consuming part of software development, even worse than
the impact on productivitand costs thatsoftwaretesting
poses in today's software development paradigms.

We believe theaetrospector techniqueill provide avery

promising solution tocomponent-based softwatesting

problems. To store testing informatiomside a
component is a convenieahd effective mechanism that
enables component-based softwatesters to test
component-based softwarethout access tothe COTS

components' source code.
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