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Converged Telecom Applications

Focus of this talk – automated functional testing of converged 
telecom applications using open-source software 

Converged applications use multiple interfaces and protocols

IP telephony is a key part of converged telecom applications

Customer-Care
Application

web (HTTP)

IP telephony (SIP)
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Session Initiation Protocol (SIP)

Signaling protocol to establish media session between endpoints

IETF RFC 3261

Protocol message structure similar to HTTP

SIP endpoint may act as a client or a server
Alice Bob

INVITE alice media ip:port

200 OK bob media ip:port

ACK

RTP media

BYE

200 OK

180 RINGING 



Motivating Example – t-Meeting

Internal teleconferencing application

10000 simultaneous calls, millions of call minutes per 
workday
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Application 
Server Logic

Media 
Server 
(audio 
mixing)

HTTP
SIP/HTTP

Gateway

SIP
RTPTelephony 

signaling
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Example Functional Test

Tester plays 2 roles each with 2 interfaces 

Host Participant

SUT
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Example Functional Test

Host Browser:
Login

Participant Browser:
Login

Cookies an issue
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Example Functional Test

Host Browser:
Create meeting 
Extract bridge # and host PIN
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Example Functional Test

Host VoIP:
Dial bridge # 
Interact with voice prompt 
Enter userid and PIN
Verify connected to conference
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Example Functional Test

Participant Browser:
Go to meeting page
Extract participant PIN



Page 11

Example Functional Test

Participant VoIP:
Dial bridge # 
Interact with voice prompt 
Enter userid and PIN
Verify connected to conference
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Example Functional Test

Host and Participant Browsers:
Verify host and participant 
shown as joined to conference
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Example Functional Test

Host Browser:
End meeting

Host and Participant VoIP:
Verify disconnected



Automated Functional Testing Requirements
Web and SIP protocol endpoints can be instantiated

Test agents can concurrently process protocol messages from SUT

Concurrent test agents can be coordinated to achieve the 
necessary sequence of interactions with the SUT

VoIP test agent can interact with voice prompt menu

HTML page can be parsed and specified content extracted

Information extracted from one test agent can easily be passed to 
another
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What is KitCAT?

A Java framework that aids automated functional testing of 
converged applications

Created by AT&T Research and available open source

http://echarts.org/KitCAT

KitCAT enables a user to write a converged test case in a 
sequential step-by-step fashion 

Java Platform

KitCAT test case System 
Under 
Test

HTTP
SIP/RTP

Web portal 

VoIP Feature server 

Media server 

NIST stack for SIP

HtmlUnit for HTTP 



SIP Testing
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SUT
INVITE alice media ip:port

200 OK sut media ip:port

ACK

RTP media

BYE

200 OK

SIPAgent alice = createAgent(“Alice”);

alice.setProxy(“sut.att.com”);

alice.call(“sip:bob@research.att.com”);

pause(2000);

assertThat(alice, connected());

pause(2000);

assertThat(alice, has (incomingMedia()));

pause(2000);

alice.sendDTMF(“1234”);

pause(2000);

alice.end();

pause(2000);

assertThat(alice, disconnected());

Excerpt from KitCAT test case 

Alice



Web Testing (1/3)
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WebClient wc = new WebClient();

HtmlPage page = (HtmlPage) wc.getPage("http://ast2009.com");

HtmlAnchor anchor = page.getAnchorByHref(

"http://www.easychair.org/conferences/?conf=ast2009");

anchor.click();

HtmlUnit provides API for web testing

Need to navigate to the 
submission page



Web Testing (2/3)
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HtmlUnit supports XPath expressions

List l = page.getByXPath(

"//a[contains(., 'Click here to go to the submission page')]");

Iterator it = l.iterator();

anchor = (HtmlAnchor) it.next();

anchor.click();

From the root of the HTML document tree, get anchor 
elements with the specified text as their value



Web testing (3/3)
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public HtmlPage goToSubmissionPage(HtmlPage homePage) {

List l = homePage.getByXPath(

"//a[contains(., 'Click here to go to the submission page')]");

Iterator it = l.iterator();

anchor = (HtmlAnchor) it.next();

return anchor.click();

}

Application-specific abstractions 



t-meeting Web Test Abstractions
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login

createMeeting

goToMeetingPage

deleteMeeting

dropParticipant

removeParticipant

muteParticipant

blockParticipant

muteAll

unmuteAll

turnRecordingOn

turnRecordingOff



SIPAgent host = createAgent("Host");

SIPAgent part = createAgent("Part");

//1. AT&T Global login
TMeetBrowser browser = new TMeetBrowser();

TMeetHomePage homePage = browser.login(env, userid, passwd);

//2. create ad-hoc meeting
HostMeetingPage meetPage = (HostMeetingPage) homePage.createAdhocMeeting();

//3. get PINs, conference bridge number from the meeting page
String meetingName = meetPage.getMeetingName();

String bridgeNum = meetPage.getBridgeNumber();

String hostUid = meetPage.getPhoneUID();

String partUid = "07111943";

String hostPin = meetPage.getHostPin();

String partPin = meetPage.getParticipantPin();

//4. Host joins conference 
host.call("sip:" + bridgeNum + "@" + appServer);

pause(3000);

assertThat(host, is (connected()));

pause(3000);

host.sendDTMF(hostUid + "#");

pause(3000);

host.sendDTMF(hostPin + "#");

pause(1000);

//5. Participant joins conference (not shown)

Application-specific
abstractions

Converged Functional Testing (1/2)

Host

Participant

t-Meetingt-Meeting

KitCAT test case

HTTP/SIP/RTP

Easy information passing
among test agents

Easy to simulate
DTMF key presses



Converged Functional Testing (2/2)

pause(20000);

//6. check meeting web page to assert host and participant are 
shown as joined

assertThat(meetPage, has( participantJoined(hostUserName)));

assertThat(meetPage, has( participantJoined("GERALD")));

//7. check various functions in the meeting page
meetPage.turnRecordingOn();

host.playAudio("howdoin.raw");

pause(10000);

meetPage.turnRecordingOff();

pause(10000);

assertThat(meetPage, has (recordingAvailable()));

//8. Host ends meeting from web
meetPage.endMeeting();

pause(20000);

//9. Assert meeting ends (both web and SIP)
assertThat(meetPage, has (ended()));

assertThat(host, is (disconnected()));

assertThat(part, is (disconnected()));

assertions on 
SIP agents

assertions on 
web agents

ability to send 
RTP media 
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Sanity Tests (24 x 7 every 5 min)

Web 
server

SIP 
server

Media 
server

Sanity 
test SIP/RTP/HTTP

Plays a very effective role for ensuring 
functional integrity of application in 
production



Conclusion and Future Research Ideas
KitCAT is a powerful open-source solution for functional testing of 

converged applications

Minimize dependency of application-specific abstractions on 
structure of HTML 

• Test specific annotations in the HTML page

• Implement high-level abstractions using embedded JavaScript 
in the web page

Domain Specific Language (DSL) for converged testing

Automatic test generation

• Captured message trace 

• Analysis of converged application written in formal language 
e.g. StratoSIP
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Thanks!!
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http://echarts.org


