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Abstract

The challenge for testers: reduce the testing interval wthout
reducing quality. One answer: find a new way to approach test

design and test generation. This paper will discuss an ongoi ng
Lucent Technol ogi es experinment in automated test generation from
a behavi oral nodel of the software product under test. Results

i ndi cate that our new approach can increase the effectiveness of
our testing while reducing the <cost of test design and
gener ati on.
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1. Introduction

At Lucent Technol ogi es, TestMaster ™ automates the generation of
tests for call processing features devel oped for the 5ESS® 2000
Switch. The 5ESS-2000 Switch, a digital exchange for use in the
gl obal switching network, allows service providers, such as
t el ephone conpanies, to route |ISDN voice and data, |ocal voice
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calls, long distance calls, Internet access, wreless PCS,
Advanced Intelligent Network services, interactive video and
mul ti media services in a high-speed, reliable public network.
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During the test devel opnent phase, a call processing feature's
specification docunent (FSD) serves as the basis for a
Test Master state-based nodel. The nodel describes the behavior
of the switch/network when a call uses the associated feature.
Test Master then performs a path analysis on the nodel
generating a conprehensive set of tests that are formatted and
executed in the Lucent 5ESS-2000 testing environnent.

In this paper | will review the testing problens we faced, the

solutions we found and the results of inplenenting those
sol uti ons.

2. 5ESS®- 2000 Testing Background

The 5ESS-2000 Switch is a flexible digital exchange for use in
the global switching network. Digital switches replaced earlier

el ectronechanical and analog swtching systens. A digital
switch is a single system with nultiple applications such as
local, toll, and operator services. The 5ESS equi pment swi tches

| SDN voice and data, local voice calls, long distance calls,
Advanced Intelligent Network services as well as other nedia on
the public switched network. The switch architecture is a
nmodul ar, distributed architecture that allows developers to
i npl emrent enhancenments easily and allows service providers to
change their comuni cati on network quickly.

The nodul ar design of the 5ESS-2000 Switch al so carries through
toits software architecture. The software, primarily witten in
the C progranm ng | anguage, extends the many advantages of a
distributed processing environment. Lucent Technol ogies Bel
Laboratories develops and tests the software for the 5ESS-2000
Switches that FCC-required quality nonitoring has shown to be
four tinmes nore reliable than its nearest conpetitor.

At one time Lucent Technol ogies (at the tinme a business unit of
AT&T) viewed testing as a standal one phase in the traditional
waterfall process. System testing was done by a separate
organi zation, and the testers became involved in a project only
after the specifications, design, and the majority of the coding
was conplete. This made for expensive and tinme consum ng test
pl ans. In fact, at one tine it required alnost 22 nonths to
deliver a major software release for the 5ESS-2000 Switch.
Process and organi zati onal changes have reduced that figure to
approximately 10 nonths, but as new features becone nore
conplex, it has becone increasingly difficult to maintain both
an aggressive delivery schedule and the high level of software
quality that our custoners have cone to expect.
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3. Major Challenges for Testers

The challenge now for test plan designers is to continue to
achieve the high degree of testing coverage required to ensure
that these increasingly conplex features maintain quality
standards. This requires the use of test devel opnent nethods
that are nore effective in managing the coverage of conplex

functionality. Traditional nmethods, such as analyzing each
requirement and developing test <cases to verify correct
i mpl enent ati on, are not effective in understanding the

software’ s overall conplex behavior. Also the cost pressures in
a conpetitive industry add the constant of cost reduction. This
adds the need for efficiency in using nore effective test
devel opnent nethods. Wiile initially these two goals, reduced
testing costs and maintaining product quality, appeared to be
mutual |y exclusive our automation test generation initiatives
have indicated that this is not necessarily the case.

A Feature Specification Docunent, witten by the systens
engi neering organization, details the requirements for the
behavi or of call processing features of the 5ESS. The behavi or
of the feature depends on inputs from the parties on the call
and the configuration and signaling input fromthe 5ESS networKk.
Compl ex interactions arise between the calling parties, other
features on the switch, and the network, and these nust be
understood to adequately test the new feature. To date, test
generation has relied on manual nethods to interpret the Feature

Speci fication Docunent, state diagrans, and call processing
behavior of the switch. For a given call, the switch waits for
input, e.g., a set of DIM- tones. The switch processes the
i nput and changes the state of the call in progress. (D fferent

inputs fromthe caller and network configurations cause the 5ESS
switch to process calls differently.) For exanple, if the user
enters a valid tel ephone nunber, the call wll be processed; if
not, an announcenment wll play asking for a wvalid input.
Advanced features in the 5ESS switch have so many vari abl es t hat
it is difficult for the test engineer to identify themall, |et
al one generate a set of tests to verify that the feature works
in all cases.

4. New Test Design Strategy — Behavioral Modeling

The traditional test design nethods used to generate test cases
becane too expensive and | abor intensive when applied to these
highly conplex features. W had to enploy a different strategy
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to adequately test new and existing functionality, while keeping
the testing interval fromgrowing with the software conplexity.

For the last year our strategy has been to use requirenments
behavi oral nodeling on a nunber of features to determ ne the
ef fectiveness of this approach as a test design and generation
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strategy. The behavioral nodeling we use conbi nes transaction-
flow, control-flow and finite state machine (FSM testing
techniques in an extended finite state (EFSM nodel. EFSM
nodel ing enploys a technique known as predicate notation to
sinplify nodels of conplex systens, and reduce the state
expl osi on probl em commonly encountered with pure FSM nodel i ng.
The goal was to create a EFSM nodel that would capture the
functional behavior of the requirenments for a new 5ESS-2000
software feature. The nodels, if created during the requirenents
definition phase of the developnment cycle, would prevent
different interpretations of the requirenents by the devel opers
and testers. Mnimzing these differences will in itself prevent
sone faults fromever reaching the test execution phase, hel ping
to further reduce testing costs.

Qur initial results indicate that while behavioral nodeling is
very effective in ensuring adequate coverage during the test
desi gn phase and in providing the entire devel opnent teamw th a
conmon view of the requirenments, it quickly becones |[abor
intensive during the test generation phase. On larger features
the process of nanually nodeling also quickly becones too
difficult and expensive. An obvious answer was to find a tool
that could automate sone or all of this process. Wich
automati on tool to use was not as obvi ous.

5. Automating Test Generation Using Model Reference
Technology

To hel p decide which tool to use, we devel oped a checklist of
the characteristics and functionality to rate automation tools-
characteristics such as execution environment independence,
support for EFSM flexible output fornat and the ability to
automatically generate unique paths (tests) from the behavi oral
nodel .

The tool with the best score based on our checklist is a product
called TestMaster, and Lucent Technologies started a trial
programwith to evaluate its ability to allow test engineers to
create and mai ntai n behavi oral nodels of our products.

Test Master (produced by Teradyne, Inc.) uses nodel reference
technology (MRT) to provide automatic test generation driven
from an EFSM nodel of the application under test. Test Mast er
conprises three major conponents: a graphical editing tool, a
test program generator, and a nodel debugger.
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Using the sane inputs used to manually generate test scripts or
manual |y create an EFSM test engineers use the State Transition
Editor to build a nodel of the applications behavior. The nodel
is a series of states connected by transitions. Each transition
defines a state change based on inputs fromuser or switch. Each
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transition in the nodel <contains the follow ng associated
progranmabl e fields: the predicate and constraint fields, which
eval uate context in the npodel, and the test information field
that contains procedures or test code that will be included in
any test case that includes the transition as part of its path.
Predi cates are bool ean expressions that mnust evaluate true in
order for the transition to be a valid path wthin the
behavi oral nodel. The constraint field allows the user to limt
t he nunber of paths produced during test generation. A set of
interactive debugging tools is available to the test engi neer as
wel | .

The test program generator uses the nodel to automatically find
valid paths through the nodel. These paths consist of
transitions that represent the behavior of the application that
has been nodel ed. Each valid path through the nodel is converted
into a test case by replacing each transition in the path with
its test information. Thus a conplete test case is concatenation
of all the test information field for sone valid path. These
test cases can be produced in any target |anguage.

6. Case Studies

This section will briefly discuss two cases in which we can
conpare generating tests with TestMaster to manually witing
tests. In both cases the two nethods were used to create

conparabl e type and nunber of test cases. Bot h of these cases
are products that are currently available on the 5ESS-2000
Swi t ch.

Case 1: Call Management Feature

Backgr ound

This feature expands the capabilities of basic Call Wiiting to
i nclude a nunber of call managenent features. |f you subscribe
to Call Waiting on your analog phone line, and a third party
calls you while you are on a phone call, you receive tones
indicating that another call has arrived. At this point you

only have two choices: press the phone sw tch-hook and answer
the new call or ignore the new call.

Call Managenent provides the ability to see the new call’s
t el ephone nunber?! and the name of the caller? At this point you
can conference the two calls together, place either call on

Y Ccaller ID Feature
Cal li ng Nanme Feature

N
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hold (music optional), or forward the new call mnually or
automatically to another tel ephone nunber.
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Test Ceneration: Manual vs. Test Master

This product was delivered in tw phases. Phase two testing
required, nodifying sonme of phase one’'s tests, using sone of
phase one’s tests as is, and witing new tests. Test generation
is neasured by the Technical Head Count Year (THCY) effort
required to produce the test cases required. For example, if
the test generation took an engineer one nonth to conplete, it
woul d equal a 0.0833 THCY effort.

To generate the tests manually, we used traditional 5ESS-2000
call processing test design and generation nethods. Then, using
Test Master, we created an EFSM for the product and automatically
generated test cases. Table 1 conpares the THCY effort required
by these two nmethods for this feature.

Manual Generation TestMaster CGeneration

Phase One 0.120 0. 014
Phase Two 0. 050 0. 002

Tot al 0.170 0.016
Table 1

The use of TestMaster in this case provided a test generation
productivity inprovement of just over 90% At this |evel of test
generation productivity inprovement one test engineer using
Test Master can be as productive as ten test engineers using
manual test generation.

Case 2: Number Portability Feature
Backgr ound

The conpetition to provide |ocal phone service is increasing
every year. But nobst people would probably decline to change
their local service providers if changing conpanies neant
changi ng phone nunbers. The Nunber Portability (NP) feature,
mandated by the FCC to overconme this barrier, allows you to
switch service providers w thout changi ng your tel ephone nunber.

Test CGeneration: Manual vs. Test Master

For this feature we manual ly created an EFSM behavi oral nodel of
the requirements and manually generated test cases using the
nodel . Then, we created an EFSM of the product in TestMster and
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autonmatically generated test cases. Tabl e 2 conpares the THCY
effort required by these two nethods for this feature.
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Test generation is again neasured by the Technical Head Count
Year (THCY) effort required to produce the test cases required.

Manual Test Mast er
Cr eat e Model 0.21 0.05
CGenerate Tests 0.24 0. 00°
Tot al 0. 45 0. 05

Table 2

In this case TestMaster provided a test generation productivity
i mprovenent of just over 88% Additional functionality was added
to this feature after the original feature was rel eased. Editing
the TestMaster npdel to create the new tests case took half a
day* conpared to the estimate of two and a half weeks® for
manual generati on.

7. Observations and Conclusions

Test Master provides a single environment to capture the
behavior, input variables, configuration, and 5ESS state
information in the form of a nodel. Test Master can then
automatically process the nodel to quickly generate a conplete
set of tests. This technology provides the 5ESS-2000 cal
processing test team an efficient and effective nmethod of
generating feature tests for 5ESS devel opment projects.

Since starting with TestMaster in Septenber of 1996, we have
successfully nodel ed, generated, and executed test cases for a
nunber of advanced call processing features in the 5ESS swtch.
To increase the reusability of the nodels, test engineers are
devel oping standardized nethods for analyzing the Feature
Specification Docunent and creating TestMaster nodels. W are
also investigating ways to formally review the nodels for
conpl eteness. The test cases generated are in a standard format
so they can be used by both manual and automated test executors
who have no know edge of the TestMaster nodel and who run the
tests as if they were generated manually. W can easily
i ncorporate changes into the nodels to keep pace w th changing
feature requirenents.

Prelimnary data indicates that using TestMaster to automate our
test generation process can increase our productivity by over

w

Aut omat ed test generation, no THCY effort required.
0. 00192 THCY effort
0. 0288 THCY effort

(S
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80% while providing a nore effective way to analyze conpl ex
requirenents.
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