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Endto-End Testing Automatiom TTCN3 environmentusing Conformiq
v U NP2 ¢t EliorMessageMagic

A Case studyAutomated Testing oi-Lite SIP Softphone

EXECUTIVE SUMMARY

TTCN3 (Test and Test Control Notation version 3) is a programming language for developingintests
telecommunicationslomain. SIP(Session Initiation Protocol) is a key protocol standard in the modern converger
telecommunicationsystems UML (Unified Modeling.anguage) is one of the most widely used modeling notations
for describing requirements and design beyond natural langu&gmformiq Qtronicis a tool for generating
executable tests automatically from higével system models, developed Bponformig Inc. MessageMagids a
TTCNB3 test development and execution platform developeddiyior Ltd

This casetudy demonstrates how modélased testing approach can be applied in T'B@&vironment to achieve
full testing automation, from test design to test exdion. Using commercial tools for automated test design such
as Conformiq Qtronic anBlvior MessageMagidor automatic execution of these test cases, TIliven test
environment can now take full advantage of etedendtest automaton.

We tested a pblicly available SIBoftphone X-Lite from CounterPathusing TTCI8 as testing languageThe
testing involved automatically generatinGgTCN3 test cases using Conformiq Qtronic and executing those tes
cases usinylessageMagic

We started bycreating asystemmodel, based on SIP specifications,UML andJava compatible notation action
language This model isequired by Conformiqg Qtronic in order tautomaticallygenerae TTCN3 test suite. Then
we implemented a system adapter needed to connect MessgeMagic TTCN3 execution environment to

I 2 dzy (i S XiitesoffiHarke and executedthis test suiteagainst theX-Lite softphoneusingMessageMagic
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Introduction

In thiscase studyve explain how we tested a publicly available SIP softphone esitp-end test automation in

a TTCN3 environment TTCN3 (Test and Test Control Notation version) & a notation for describing executable
test cases, standardized BT SKEuropeanTelecommunication Standards Instituje TTCMB is widely applied in
the telecommunications domaitJsing commercial tool€onfomiq Qtronicfor automated test design anglvior
MessageMagic for automatic execution of these test cases, -BT@Nen test emironment can now take full
advantage of endo-end automated testing process.

SIP stands for Session Initiation Protocol It is a standardized protocol (standards bolyTE the Internet
Engineering Task Forgdor establishing, managing and terminatingedia sessions and handling the necessary
infrastructure such as registering the terminals that are available for users. It is widelyfosedample in the
VolP(Voice over Internet Protocodnd IMS (IP MultimediaSulsystem)

Automated test desigrrefers totest designautomation where executable tests are automatically generated from
the highlevel systemmodels It extends the notion of test automation from mere tesxecutionto also test
design Model-based automated test desigeduces quality assurance risks and costs, because it removes possil;
human errors from the areas tést design test selection and test script codindgrurthermore the models created
are test assetsand shared with system designeesd improve communicon among designers and testershis
results h improved system documentation amesultingproduct quality.

In thiscase studyur aim is to demonstrate hownd-to-endtest automaton works ina TTCMB environment.

Automated Test Generation and Exettan Workflow

We generated the tests from the S#Bftphonemodel that presents the expecteand correctbehaviour of the
system under test (SUTTbm an external perspectiveThe test sué was generated usinGonformigQtronic 2.03,
whichis available asn Eclipse plugn. Conformiq Qtroniémports thesystemmodel of the SUT and generates test
scripts using configurable baekds in the test language of choicelere we used TTCR backend scripter to
generak test scripts in TTGB format. The testscriptswere executed against the SUT 2 dzy (i S Niite 8IRK Q
based softphone (version 3.0 build 531,119ing MessageMagic test execution tool.

N N

8ystem model QTRONIC /> TTCN-3 script —_— MessageMagic <> ,‘, e

Endto-End testing automation

SUT model

We constructed theSUTmodel using UML2.0 state machineand Java compatible notation action language
ConformigModeler, a freelightweight modellingtool from Conformigwas used forcreatingthe system model
UMLstate machine Theaction languageartefacts were written using a standard Eclipse JavtbedJsers can use
other modelling tools such as Enterprise Architeelelbgic or IBM modelling tools for their modelling needs.
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We created the model of the SUT by using the SIP standard (RFGBeéfirationsas a reference. In particular,
the implementation Of X-Lite) was not cosulted when creating the modellhis ensured that the testing was
independent of the implementatiorwhich isan importantaspectin confomance testing

The functional requirements of the specifications that were sefed for testing in the implementation were
annotated on the model of the SUT usitige keyword requirement There weretwenty one such explicitly
annotated requirements. Note that the model was built usedarger number of the requirements in the SIP
specification bunot all of them werechosen asestinggoals for this case study

/ sefThreadNam e("SIP UAC™);

Paraaraph numbers in comm ents and
requirem nts refer to RFC 3261 SIP: Session
Iniiation Protocol

Triggered by user and Conform ance Test Spedification for SIP
action, send INVITE userIn:UserInput (ETSI TS 102 027-2)
request. (We are [msg.inputi=="invite™ && msg.input2 ==dst]/
initiating a new cdl.) InviteQ;
requirem ent "Call establishment/Vdid Behaviour/TPId: SIP_CC_OE_CE_V_0057;
< v after(tim eoutB)/
\~\ Calling requirement "17.1.1.2 INVITE timers/Terminates INVITE cyde after B tim eout™;

TimeOut(); O
— B89
netIn:SIPResp

[(msg.status == 100 or msg.stafis== 180 or msg.status==183 or msg.status==199) &&
msg.cseq == "INVITE']/

netin:SIPResp if (msg status==100) {requirem gnt "Call establishmentVdid Behaviour/TPId: SIP_CC_OE_CE_V_009%}
[msg . status==200 && if (msg.status==183) {requirem ¢nt "Call establishment)Vaid Behaviour/TPId: SIP_CC_OE_CE_V_010%}
msg.cseq == TINVITET]/ if (msg status==199) {requirem gnt "Call establishmentVaid Behaviour/TPId: SIP_CC_OE_CE_V_011%}
AckQ;
requirement "Caj| establishment/Vdid Behaviour/TPId: SIP_CC_QE_CE_V_D13%
y
Ringing netin:SIPResp

[msg.statis==486 & .

21.1.2 180 Ringing | msg.cseq == "INVITET]
waiting for other end 7 JAO; 7
e 20 userIn:UserInput ’ s
) [msg.inputl=="cancd ]/ A
21.4.24 486 Busy HereD
netin:SIPResp Callee rejects call
[msg.status==200 && msg.cseq|== "INVITE"]/
AckQ;

requirem ent "Call establishment/ydid Behaviour/TPId: SIP_CC OE_CE.V_014%
Now we can
speak with other h 2
end Canceling
Ready
netin:SIPReq [@®) after(tim eoutF) /

[msg.op=="BYE" & userIn:UserInput requirement "17..2.2 Non-INVITE tim ers/Terminates CANCEL cyde after F tim eout™;
At [msg.inputi=="bye']/ bl TimeOut();
requirement “TeFminating/Send OK in response to BYE™; [m sg statds= =200 &&”

msg.cseqs ="CANCEL’]

—Y
Terminating
h 4
[ Waiting Response ]
e [5]5)
after(tim eoutf) /

Tim eOut(); netin:SIPResp
requirement [Call release/Tim ers/TPId:|SIP_CC_OE_CR_TI_004"; [msg status==487 &&

netin:SIPResp Tdsf o =="TINVITE"}/
[msg statfs==200]/ 0;
requirem ent “Terminating /Wait for OK in response to BYE™;

I

System Model for generating test cases automatically

4

Generating theTTCN3 Test Suite

The set of test cases is chosantomaticallyby ConformigQtronic accordingo defined testing goals such as
requirements, states, and transitiom®verage A component of the model (for example, a method, a transition or
a conditional branch) can be said to be covered by a test case if executingstheate against the SUT would
guarantee that the said component of the model wouldéercisedduring the test. Conformiq Qtronic attempts
to create a test suite that covers as many of the different model comportéetsiser has selected'his approach
creates areasonably compadest suite that exercises a large amount of the functional features in the model.
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Our goal was to generate tests that cover all annotated requirements and all states/transitions of the Trizalel.
resulting test suite contaid eleven test cases. The generated test suite covered 100% of the annotate
requirements, states and transitions.

ConformigQtronic provides severaisefulwindowsfor analysing the generated test suites:

o Coverage Editoallows users to choose coverage settings. It alsows the fiml status of blackox coverage
after the test generation cycle.

0 Test Case Ligthows all the generated test cases with tii@te and the nameThe usercanrename the test
cases as required.

0 Traceability Matrix Viewcorrelates the coveraggoalssuch as requirement® the test cases.

0 Test Case Viewhows the interaction between the tester and the system under test.

0 Test Step Vievshows detailed information about the messages that are transtelretween the tester and
system under test in the given test case.

0 Execution Trace Vielinksthe test casdo the parts of themodel

CEX

& Qtronic - Coverage Goals for UAC_TP - Eclipse SDK
File Edit Mavigate Search Project GQtronic Run  Window Help

Huil QP & | & auronic |
L7 Project Explarer &2 5 & ¥ = 0O Coverage Editor: UAC_TP &3 = O || 54 Traceability: Do 1 52 5 ¥ =0
o
E: b= UAC ke’ A B %s % s ing Goals 1| 2 4| 5 A
=g UAC_TP Testing Goals DC1 || equirements
gsDcl =) Cal establishment 100 31 17.1.1.2 TNWITE timers
- % TTCMScripterFixTEST = Timers 100 Terminates INVITE cycle after B tin %
=22 Generated TTCH-3 TPId: SIP_CC_OE_CE_TI_001 v 5 17.1.2.2 Non-INVITE timers
m QtronicTypes.tten3 TPId: SIP_CC_OE_CE_TI_O03 w Resends CANCEL after E timeout k3
m TeskSuite, tben3 TPId: SIP_CC_OE_CE_TI_0O04 w Terminates CAMCEL cycle after F & kS
=25 model = Walid Behaviour 100 =l Terminating
SIPClient. java TPId: SIP_CC_QE_CE_Y_00S v Send CK in respanse ko BYE
B stpclient.xmi TRId: SIP_CC_CE_CE_Y¥_009 v Wait: For O in response to BYE
#1232 UAS v TPId: SIP_CC_OE_CE_Y_010 @ 5 Call establishment
= TPId: SIP_CC_QE_CE_Y_011 v = Timers
FE= Test Cases: UAC_TP > DC 1 &2 g TPId: SIP_CC_OE_CE_W_012 v TPId: SIP_CC_OE_CE_TI 001 X
3 - TPId: SIP_CC_OE_CE_Y_013 w TPId: SIP_CC_OE_CE_TI_003 %
(EEEE TPId: SIP_CC_OE_CE_Y_014 ) TPId: SIP_CC_QE_CE_TI_004 ¥
Harme Cre # Call release o =1 walid Fiehavinir ¥
1 Testiasel 200¢ TSk Thee e 2
2 Test Case 2 200 Ty T = —
3 TestCase3 200 T Test Case 11 33 H |E| Q |Q| = FE Steps: Test Case 11 | &, Trace: Test Case 11 52 =0
4 Test Case 4 2008 - ~
|3 Test Case 5 05 | IR ) R e S | | |
6  TestCasef 200¢ Tester SIP UAC rraing
7 Test Case 7 2008
g Test Case & o0¢ ] SIPClient, SIPClient()
9 Test Case 9 2008 UserInput -:= userIn
10 Test Case 10 2008 t=0.0 - SIPClient.runi)
11 Test Case 11 bl e
SIPReq <- netCuk B -
- - SIPClient-initial-4
t=0.0 ek
@ o o e oo ——
SIPClient-Init
SIPR enetn || T T
sspoanetn sIPCliend Invite()
t=0.0 -
h 4
UserInput - = userIn SIPClient-Calling-initial-0
t=0.0
< ¥
SIERen £ netOuk hs . . A
i o® s @
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/** @file C:\Projects\MM\CaseStudies\QtronicSIP\QtronicWS\UAC TP\Generated TTCN-3\TestSuite.ttcn3
@author Conformigq TTCN3 Script Backend
@date Mon May 25 14:44:10 EEST 2009

WARNING! This file has been automatically generated using
Conformiq Qtronic TTCN3 Script Backend. DO NOT EDIT.

=
=
=
=

=/

module TestSuite
{
import from QtronicTypes all;
/* User provided imports begin */
import from QtronicTestHarness all;
/* User provided imports end */
/* Qtronic generated alt step */
altstep QtronicDefaultAlt() runs on QtronicMIC
{
[1 any port.receive
{
harnessTimer.stop;
setverdict (fail);
gtronic end test_case():
stop;

[] harnessTimer.timeout

{
setverdict (fail);
gtronic end test_case():
stop;

/* Generated test case #1 */
testcase Test_Case_1() runs on QtronicMIC system QtronicHarnessSystem
{
var float oldtimer := 0.0;
var float SLACK := 10.0;
var default default_behaviour ref;
gtronic start_test_case():
default_behaviour ref := activate(QtronicHarnessAlt()):
log("Structural feature: method: main()");
log ("Structural feature: method: SIPClient.SIPClient()"):
log("Structural feature: method: SIPClient.run()"):
log("Structural feature: state: SIPClient-initial-4"):;
log ("Structural feature: transition: SIPClient-initial-4->SIPClient-Init-9");
log("Structural feature: state: SIPClient-Init"):;
qgtronic_send_UserInput_ to_userIn(UserInputTemplatel):;
oldtimer := 0.0;
log ("Structural feature: transition: SIPClient-Init->SIPClient-Calling-initial-0-0");
log("Structural feature: method: SIPClient.Invite()");
harnessTimer.start((0.0 - oldtimer) + SLACK);
gtronic_receive SIPReq from netOut (SIPReqTemplate2);
harnessTimer.stop;
oldtimer := 0.0;
log ("Requirement: requirement: Call establishment/Valid Behaviour/TPId: SIP_CC COE_CE V_005");

Automatically generatedl TCN3 test case

Test ExecutioreEnvironment

Architecture of thetesting environmentis shownin the figure below.MessageMagicTTCN3 test execution
environmentwas used for executing the test suitggenerated byConformigQtronic The system under test X-
Lite SIP softphoneis aWindows application. In order to connect the test execution tool to the,alslstem
adapterwasbuilt.

The system adapter mediate8IP messages between UDP transport and MessageMagic and user actions fi
MessageMagic to-Kite graphical interface usinTTCMB standardized TRI interfa¢@est Runtime Interface)The

system adapter containsvo adaptersq UDP adapter and-Kite GUI adapter. ThgDP adapters responsible for
transferring SIP messages andsitonfigured tomap the TTCI8 ports to the UDP ports The XLite GUI adapter is

om

designed foreliminating the needs for user manual intervention during the test cases execution. It simulates user

actionsvia Windows ARdllowing 1ill automation of the test casexecution.

www.conformig.com www.elvior.com
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Endto-End Test Automatiorof X-Lite softphonein TTCN3 Ervironment

By the definition here the systemmodel is an abstracted presentation of the systémom external behaviour
perspective It does not describe all the details of the system but only the essential agpedés consideration
Thus it is a golden abstract implementation of the system, excluding internal implementation details.

The generated test suite in TTGNepresened SP softphonebehaviourcorresponding tahe abstraction leveln
the model. Atest case generated bgonformigQtronic is a sequence of inputs and expected outputalstract
messages corresponding to the abstraction level used in modellingformiqQtronic TTCK script backend
maps SUT inputs and outputs to corresponding function calls in-BTIEN the esponsibility of the test harness to
maintain a mapping between abstract message values generate@ooyormiqQtronic and real SIP message
values that are adapted to the particular test execution environmeéntthis case studyhe test harnessvas
written in TTCMB and the system adapter cardeeal SIP messages.

In TTCMB language messages are defined as data structur@he TTCIS executive uses the SIP codeor
encoding the data structures to SIP text messages and vice WdessageMagic supports two options for
encoding SIP messages: biiltext codec and external SIP codec using TCI inteittiare. we usedessageMagic
built-in text codec rules for mapping SIP message structures in-FT&CRIP text messages.
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