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Evolution of Software Testing

Frameworks
Keyword Driven

/ Scripts-Based
Capture/Replay

Manual
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Model-Based Testing

« Umbrella term for any approach that uses
models for testing
* One of them is to use MBT for automating Generation

test design

— Models reflect externally observable
behavior of the system to be tested

— MBT complements test execution
» First industrial standards (ES ) being
developed at ETSI
— Multiple tools available in the market

— Involves stakeholders from different
application domains

CONFORMIO Automated Test Design™

(System) Model

Test Scripts

System Under Test
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Outline of ETSI Standard 202 951

(Requirements for Modelling Notations)

 Model-Based Test Development Overview

« General Modeling Notation Requirements ... <. >
— Modularization, Algorithms, Documentation | Ve F;;‘;;;,;;;;‘é‘"""""""';;';;;;;:;
« Modeling System Interface s
— Actions, Operations, Ports, Configurations | | » “
- Modeling System Behavior —
— System State, System State Transition, o e UndarTos

Non-Determinism

 Examples of Modeling Notation Styles (Annex)
— Rule-Based/EFSM, Statechart, Process-Oriented

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



Automated Test Desi

Develop
(System) Model

ot ResiverConfis e
L] hardleConPa(meg): Fea

userTniUse

afr{tmeoata ) v_rebirmcode
e i Erved e s el esperes ot e
senchlserOut"Na resparee”):

-

rainiONSHespene aualns )
[mog,dertific 1= v_queryldld
rerpirerment “Ermor DNS it iarisres responses with incorrect ieniifers’; T

[ corigrecursivequertesls
requirement "Eror/DIeS llenIgnares irelevant answer ressurce records's

Velid Respenze

Direct & Review
Test Design

I e

=0

I responsa.responsecacs > ol l[!lzj
requirement "Error/DHE dlent accepts ONS response with error cade™;

_retamCode = v_i (D1 emor'l; i Aharistue Reponse i

- )

i J el
e e (T Gt

==l
FeRuFE St VRN IS scompts reusseg snsne
SendUseDUL 0K

CONFORMIO

2 Coversge Edor DN 53 | I DNsresolverove GIE: [ Moda protier B B
2

i Successl resoluion £

H(@) Q@)1 = = O[5 steps: Success.

Tester DN Client

o
@ contis/ons Clint
oNsQuery
@ vessons cien
@ Vala/oNS cient etums
=00

Automated Test Design™

| 2 Trace Succee. | B Console| & Progrese

gn Workflow

Generate Test Scripts
& Documentation

x XX X x

© 2011 Conformiq, In



Conformiq - Coverage Goals for DI

File Edit Project Window Help

B g %

[ Project Explorer 53 ]

=g DNS
2 Design Configuration 1
‘b HTMLScripter
% TTCNScripter
=2 doc
|| DNS rfcl034 bet
| DNS rfcl035.bct
=% model
|| DMSresohverjava
B DNSresolverxmi
[ main java
|| SystemBlock.java
12§ LTEHandover
== SIP UAC TTCM-3 Demao

Coverage Editor: DNS 2 ] DNSresolver.java | =00 ;’3 Model Browser|@ Model Profiler [ﬁ Traceability Matrix 2 ]ﬁ Test Case Dependency Matrix === -
= e e Ta Testing Goals 1 2 2 4 5 6 7 & 9 10 11 12 13 14 15 16 *
Testing Goals Design Configuration 1 Requirements
Requirements v 43 Config
Config ~ 100 Error
Error v BE DMS client ignores responses with incorrect identifiers ® x ® kS X
Valid ~ 100 DNS client returns name resolution failure XX X X X X X X X X X X X X
State Chart v A6 DMS client should ignore Queries X X X X X X |2
States « 100 DNS client accepts DNS response with error code X XK X 3
Transitions w04 Handle no valid response at all X X X X X X X X X X
2-Transitions v 96 Client gives up pursuing of referrals after reaching c_maxMonRe
Implicit Consumption ® DMS client ignores irrelevant answer resource records X X X
Conditional Branching - DMS client igneres irrelevant autherity resource records X
Conditional Branches - If configured DMS client does not accept valid non-authoritative
Atomic Branches - Valid P
Boundary Value Analysis - DMS client accepts requested answer kS
Control Flow DMNS client returns successful name resolution X
Dynamic Coverage - DMS handles valid name server referral in nen-recursive mode cc X
Conditicnal Branching -
« | m r < m | 3

[EE Test Cases: DNS 22

Search:

-
# MName

1 Mo response

2 Accept error response

3 Successul resolution

4 Ignore queries

5 Ignore incorrect id

6  Ignore irrelavnt answer RRs

7 Ignore irrelevant authorative RRs

8 Valid MS referral

9 Two transitions: Accept errror and ignore qurery

10 Two transitions: Accept errror and ignore correct id

11 Two transitions: Accept errror and ignor irrelevant answer
12 Two transitions: Ignore query twice

13 Two transitions: Ignore query and incorrect id

14  Two transitions: Ignore incorrect id and query

15  Two transitions: Ignore incorrect id twice

16  Two transitions: Ignore irrelevant answer and query

17 Two transitions: Ignore irrelevant answer and incorrect id
18 Two transitions: Ignore query after correct response

19 Two transitions: Ignore incorrect id in nonrecursive mode

< m r

TT_’T Successul resolution &2 l

HE @R~ ~ 0

Test DNS Client | |

ResolverConfig

t=0.0 -
@ Config/DNS Client can be configured to operate only with recursive queries :

@ Config/DNS Client configured to only accept authorative responses '
Usernput :

t=0.0 - :
DNSQuery :

=00 [ :
DNSResponse 1i

=0 Lot}
0 Valid/DNS client accepts requested answer :

0 Valid/DNS client retumns successful name resolution E
UserQutput :

t=0.0 -t H

E Steps: Success... 2 lgTrace: Success. | = Console‘ = Progress‘ =

]

= ET

Message / Field
1 ResclverConfig
recursiveQueries

acceptOnlyAuthorativeRe

2 Userlnput
queryType
hosthame

3 DNSQuery
destMNameServer
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responseCode
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rData
autherities
5§ UserOutput
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g
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"ESYSTEM_GEMERATED 1"
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MBT - A New Way of Testing

Functionality vs Path T 7
[ SUT vs Environment :"':;.fj

95% Coverage vs Number of Tests 42

Abstraction vs Detall
of®  Optimization vs Expert Opinion

Flexible vs Fixed Test Sets
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What Remains the Same?

« The starting point will be an informal specification
— Customer: "l want a 555 ”

 Tests have to be validated

— Any testing artefact remains as good as the agreed
understanding of the specification

 Still infinitely many tests have to be executed to proove
that a SUT faithfully follows a specification

— But a limited amount of time is available for test execution

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



The Business Case for Automated Test Design

Model reuse

Savings in test
maintenance

Improved test Customizable
coverage : - test sets

Higher Test scripting

productivity
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Automated Test Design Benefits

Spend less calendar time in test

More available resources process, get product out faster

Less customer found defects LeSS Tlme

Higher Quality
More effective test sets resulting in
a higher quality product

Shorter testing turnaround time

Reliable reports and documentation

Test suites with optimal coverage
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The BIG Picture: From Manual Test Design ...

Req & Test Mgmt Project Mgmt
% Execution %
™. Reports Issues A

Regs
Test Desc @

Fixes
Releases

i ,Settings o
1 Tests
Tests @ Framework .-~ @ Code
S Adapters .-~

\y LI/ L’-/’

— =

Version Control
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The BIG Picture: ... to Automated Test Design

Req & Test Mgmt Project Mgmt

% Execution

o Reports Issues A

Fixes
Releases

. . CONFORMIQ Modelel’x o -
____________________ ASettings L
) Settings j Tests
Model | l!l Tests @ Framework //@ Code
N Adapters .-

\\\\ \4 L/ L/

Version Control
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Introduction Summary

 MBT is next step in evolution of software testing
 First industrial standards attest maturity

« Use MBT allows engineers to work (usually >5x)
more effectively and focus on the essense of testing

* Next to new notations & tools MBT requires a
change in thinking for management and engineers

« Automatic test generation is only one part of MBT
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MODELING FOR TESTING
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About (System) Models

« Structural view: SUT interface available for testing

— 1+ (logical) ports and parameterized input & output
(actions) reflecting controllable & observable interfaces

— At least one but possibly multiple parallel model components
« Behavioral view: The expected SUT operation

— Should focus on one or more aspects to be tested

— Can be defined using states, transitions, and operations
on inputs, outputs and component variables

— Possibly defined across a set of communicating components

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



About Modeling

* Who should write models?
— The people that write or script tests today!

« What is the starting point?
— Selecting first aspect of the functionality to be tested
— ldentifying a suitable level of abstraction

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.
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Abstraction Level

» Level of detail used to describe functionality to be tested

« Selection from the specification
— Which interfaces are available for testing selected functionality?
— What are the relevant inputs & outputs on these interfaces?
— Extend inputs/outputs with parameters only as you model behavior

« Alternative: Selection from existing test framework
— Model functions/operations available in test automation (framework)

as inputs/outputs in system interface specification
— Extend inputs/outputs with parameters only as you model behavior

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



Conformiqg’s Modeling Notation (QML)

 Hierarchical UML Statecharts
« Java based action language

« System interface specification
« Rich type system i SRS
* Multi component models L= B
« Timing constraints "

- B IS N[ - .

 Data constraints ‘, | _—
'f' ! o

[} ’ i

5 3 [ e
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Our Task: Testing of a VolP Terminal

« Subject of Testing: Session Layer
« Specification: RFC 3261 “Session Initiation Protocol”
* |nterfaces available: user & network
e Scope: Basic call functionality
— Call establishment
— Call termination (callee vs. callee initiated)

— Call cancelation
— Call timeouts (re-transmission & transaction)

« See also Conformiq white paper
— “Case Study: Automated Testing of X-Lite SIP Softphone”
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Requirements Extracted from RFC 3261

A SIP User Agent must:

Establish a session with SIP ACK (Clause 13.2.2.4)

Terminate a session with SIP BYE (Clause 15.1.1)

Confirm a SIP BYE with a SIP 200 OK (Clause 15.1.2)

Re-send an SIP INVITE after timeout A (Clause 17.1.1.2)
Terminate an SIP INVITE after timeout B (Clause 17.1.2.2)
Terminate a SIP BYE request after timeout F (Clause 17.1.2.2)
Terminate a SIP CANCEL request after timeout F (Clause 17.1.2.2)

O OIE e
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ldentification of System Boundary

Make a call to...
()

(@)
User %
User Interface

X (proprietary)

VoIP Phone

Network Interface
(SIP)
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ldentification of Logical Interface

Userinput: UserOutput:

"call”, "Thang up”, ’ringing”, "call ended”

"cancel” "call established”,
SipRequest: "BYE” "timeout”
SipResponse: “180 Ringing”, User
"200 OK”, "486 Busy Here”, M A
"487 Request Terminated” >

Network  SIP User Agent Client

SipRequest: “ACK”, “BYE”, L

"CANCEL”, ”INVITE”
SipResponse: 200 OK”
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QML Representation of System Interface

system { // system block alias system boundary definition
Inbound wuserIn : UserInput; // port instance definition with valid message list
Outbound userOut : UserOutput;
Inbound netIn : SipResponse, SipRequest;

Outbound netOut : SipRequest, SipResponse;

record SipRequest { // message type definition (ordered sequence)
RequestLine startLine; // field of other structured type (definition elsewhere)
String callId;
String contact;
CSeq cSeq;
From from;
int maxForwards;
To to;
Via[] vias; // unbounded list of via headers
String msgbody;

CONFORMIO Automated Test Design™ © 2011 Conformig, Inc.



CONFORMIO

Available QML Data Types

boolean

numbers

int
(integers)

value
types

strings

float
(rationals)

reference
types

record

ports

Automated

< objects
arrays

other
objects

Test Design™
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Modeling Behavior: State Machines

* One way to represent the behavior of a system
« Atany moment in time the system is "in” a state

« Transitions define state changes

— Can be triggered by an external input or timeout and/or fulfilment
of guard conditions

— When triggered can perform one or more actions such as
sending external output(s), marking the coverage of a
requirement, or operating on received or component data

— Actions can also be implemented using methods

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



Example Statechart: Sip User Agent Client

SIPUserAgentClient

Triggered by user
action, send INVITE
request, (V& are
initiating a new
call}

D SIPUserAgentClient, Terminating

aftertimecutB)/

SIPUserAgentClient. Calling

requirements referto RFC 3261 SIP:
Session Initiztion Protocol

Paragraph numbers in comments and

SIPUserAgentClient. Canceling

21.1.2 180 Ringing

userln:Userinput[msg.and =="=lI"]}
sendinvite(msg

netln: SIPRes ponse[msg.status Line statu
(msg, thelNVITE)

waiting for other end
to answer

e == 1l —
mis 180/ Ringing

It is ringing, but we
want to cancel
{hang-up) before
other end ansvers

wserln:Userinput
[msg.ond=="cancell ="}
sendCancel();

requirement "17.1.1.2 INITE timers/Terminates INVITE cycle after B timeout™;
sendUserind("=ll ended - Ilimeout"};

21.4.24 486 Busy Hers
Callee rmjects call

@

after{timecutFy

requirement "17.1.2.2 Non-INVITE timers/Terminates BYE opcle after Fiim)
sendUserInd("call ended - timecut™)

CONFORMI

®

netln:SIPResponse
[msg.statusline.status Code == 200 B&
msg.bofly == theINVITE body]/

nse{msg, theINVITE

sendAdd msg); sendUserdnd] =l estzblished’);
i "13.2,2.4 Zxc Responses/UAC core establishes session

Nowi we @n
speak with cther
end

feout”;

netIn:SIPResponse
[msgistetustinestatusCode == 2007
requireResponse(msg, theBY E);
sendUsednd{"=ll ended”);

requireDialcgRequest{"BYE", msg);

Automated Test Design™

with ACKY

Y
Wibiting Res) 457 Reguest Terminsted
call 5 now terminated

netin:SIPRequest[msg.startline.methed == "BYE™]/

sendBYEOK(msg); sendUserdnd{"cll ended”);
requirement "15.1 Terminating a session/UAS core sends OKin response to BYE™:

- timecut™);

netin:SIPResponse
[msg.statusline.statusCode == 200]
requireRes ponse{msg, theCANCE);

21.4.25

netln:SIPResponse
[msg.statusline.status Code == 487]/
requireR esponse{msg, theINVITE);

®

sendAdkmsg); sendUserdnd{"=ll ended:

requirement "17.1.2.2 Non-INVITE timers/ Terminates CANCEL opcle after Ftimeout™

m
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Example Transition: Call initiation

StPUserAgentClient [ | SIPUserAgentClient.Terminating

Triggered by user
action, send INVITE
request. (We are
initiating a new
call.)

AN

SIPUserAgentClient. Caling SIPUserAgentCient.Canceling

Paragraph numbers in comments and
requirements refer to RFC 3261 SIP:
Session Initiation Protocol

' sendInvite(msg);

userIn:UserInput[msg.cmd =="call"]

Calling

CONFORMI

netIn:SIPResponse[ msg.statusLine.statusCode =

requireResponse(msg, theINVITE);
remoteélTag = msg.to.tag;
sendUserInd("Ringing");

21.1.2 180 Ringing
waiting for other end
to answer

= 180]/

Ringing

ao

Automated Test Design™
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Example QML Method

* Implementation of action to send a SIP INVITE request
via the network interface:

void sendInvite() {
// construct first SIP request value by calling ‘getRequestBase’ method
SipRequest theINVITE = getRequestBase ("INVITE", newCallId()) ;
// store ‘from’ header tag in component variable for later checks
localTag = theINVITE.from. tag;
// overwrite contact header and message body default values
theINVITE.contact = "sip:" + getCallerSipUri();
theINVITE .msgbody = newMsgBody () ;
netOut.send (theINVITE) ;

CONFORMIO Automated Test Design™ © 2011 Conformig, Inc.



A Requirement in the Model

SiPUseragentCient [ | SIPUserAgentClient.Terminating SIPUserAgentClient Call SIPUserAgentCiient.Canceling

21.1.2 180 Ringing It is ringing, but we .
waiting for other end want to cancel
to answer (hang-up) before after(timeoutF)/
other end answers requirement "17.1.2.2 Na
"Terminates !

sendUserInd("call ended -

| userIn:UserInput
Ringing ' [msg.cmd=="cancel call"])/
i sendCancel();

= 180/

Canceling

0O

netln:SIPResponse
[msg.statusLine.statusCode == 200 && ;
msg.body == theINVITE body]/ Lmsg,sipisline. stz sCox
requireResponse(msg, theINVITE); requireResponse(msg, th
sendAck(msg); sendUserInd("call established");
B timeout"; requirement "13.2.2.4 2xx Responses/" +

netln:SIPResponse

"UAC core establishes session with A = v 21.4.25
[ Waiting Response | 487 Request
Ready | call is now te

rIn:UserInput [
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H Conformiq - SIP UAC/model/SystemBlock.java - Conformig

Loadlng the Model

File Edit Project Window Help
H@& B Sae” X
57 | = Conformiq ﬁ Cenformiq Debugging

|.—|\j Project Explorer &2 ¥ =8 Coverage Editor: SIP UAC i3 =08 SIPUserAgentClien... Main.java *SystemBlockjava 3
5
1§ SIP UAC - mE Te % e system { -
B Basic S ol
Testing Goals Basic : i L
Y BxcelScripter =7 v = esponds to the interface between end- 3]
g HTMLScripter pSElooRs
% TTCNScripter 4 Requirements v 0 Inbound wuserIn : UserInput;
22 dac 4 13.2.2.4 2o Responses I}
a readme.html UAC core establishes session with ACK fis} fx*
ﬁcgzsllbd; » 15.1 Terminating a session 0 * Corresponds to the interface between S5IP
= : 17141, ; i )
=% SIP User Agent Client Walkthrough.pdf 17.1.1.2INVITE tlmers.
cs r;odel = - 17.1.2.2 Non-IMVITE timers I} Cutkbound userfut : UserOutput:
Mzin.java > State Chart v 0
SIPUslerAgentCIient.java . Conditional Branching v 0 == . -
) SIPUserAgentClientxmi . Control Flow = = esponds to the interface between S5IP
- . ’ > Dynamic Coverage = !
SystemBlock java - Inbound netln 5IPResponse, SIPRequest; ~
4 | 1 3
= Test Cas... 04 %?-Model De...| 9 Breakpoi... =8
Search: TT_’TTest Case &3 =0 ETEH Steps ca_.Executinn Trace | &g Progress El Console 52 EE Use Case Editor =0
- - =
s 7 Name Createc H@' Q OT_H AT G| T
Messages
Using Conformig Computation Service vd.4.0.2427
Parsing the model.
Type checking the model.
Applying model transformations,
Compilaticn done.
< T 3 < ]
=

Automated Test Design™
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Modeling Summary

 Functional models have structural and behavioral
aspects

e System interface is defined via ports and message types

« Handling of inputs and computation of outputs is defined
In triggers & actions on Statechart transitions

« Start modeling with a high level of abstraction, e.g., no
message parameters, then refine model structure and
behavior iteratively

* Model only information required by aspect to be tested

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



TEST GENERATION
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Expectations from Test Generation

« Complete message flow, data, timing, and oracle

« Test generation (regardless of complexity) within minutes
« At least one test per requirement

« Exercise all (possible) SUT source code

» Shortest possible test set execution time

* Do not test "the same thing” multiple times

« Automatic test maintainence

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



Test Generation at a Second Glance

* Big test sets require a lot of validation

— There needs to be a way to limit test set size
 Where is the test that covers criteria XYZ?

— Generation results must be easily comprehensible
 Even at 100% coverage my test is not in the test set

— Optimal test sets do not always fulfill all expectations

— Users must be able to affect/guide test generation

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



But Most Important at the End is ...

Needed Specification Implemented Modeled/Tested
[Customer] [Architect] [Developer]

» ... good support for sharing and communicating test
generation results (and models) with testers and others !

CONFORMIO Automated Test Design™ © 2011 Conformig, Inc.
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From Modeling to Black-Box Testing

(System)
Model

CONFORMIO

Synthesize

Automated Test Design™

© 2011 Conformig, Inc.



Example Model Coverage Criteria

Explanation Typically Used For

Requirements Coverage
Use Case Coverage
State Coverage
Transition Coverage
Condition Coverage

Parallel Transition Coverage

Data Coverage
2-Transition Coverage
Atomic Condition Coverage
Boundary Value Analysis
All Paths - States

All Paths - Transitions

CONFORMIO

Cover “requirement” statements

Cover independently specified use cases

Cover states of every state chart

Cover transitions of every state chart

Cover “true” and “false” branches of conditional constructs

Cover all interleavings of independent transitions in multi
component models

Cover all pairs or all combinations of data values

Cover combinations of entry/exit transitions of all states

Cover all “true” and “false” evaluations of Boolean expressions
Cover integer boundary conditions

Cover all possible states sequences

Cover all possible transition sequences

Automated Test Design™

Basic test generation

Extended test generation

Exhaustive test generation

© 2011 Conformig, Inc.



How does Test Generation work?

 Different technologies available to generate tests
— Graph traversal vs. symbolic model checking plus constraint solving

« Different approaches how to expose users to results
« What should be expected from a MBT tool today

— Generation of complete message flow, test data, timing, and oracle
— Support for specification of coverage criteria to control test suite size
— Options for generating different types of test sets

— Incremental & deterministic test generation

— Automatic marking/elimination of invalid tests in re-generations

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.
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Generating Tests from Models

= Conformiq - Conformiq

== \

File Edit Project Window Help

% X
Ej’ﬁ Conformiq Debugging

I’ Project Explorer &2
l=g SIP UAC
B Basic
‘iz ExcelScripter
i@ HTMLScripter
Uz TTCNScripter
== doc
@ readmehtrml
| rfc326lixt
2= SIP User Agent Client Walkthrough.pdf
== model
Main.java
SIPUserAgentClient.java
= SIPUserAgentClient.xmi
SystemBlock.java
1= SIP UAC Fedor
== SIP UAC TTCN-3 Demo

Use Cases

- =0

m

= Test Cas.. 22 | %% Model D... | % Breakpo.. | — O

Search:

£ = MName Create
] [ 3
=

Coverage Editor: SIP UAC 23 =0
ELC te Te e
ﬁestmg Goals Basic
Use Cases v
Requirements v T
13.2.2.4 2xx Responses 100
UAC core establishes session with ACI “
151 Terminating a session 100
17.1.1.2 INVITE timers 50
17.1.2.2 Non-INVITE timers 75
State Chart w 43
Conditional Branching w100
Control Flow -
k Dynamic Coverage - J

4 T 2

T Test Case 32

S

e

=g ETEH Steps | &g Progress & Console &2 iﬁ Use Case Editor, — &

H[E“ ) @T‘T:T = ||SIP UAC

Messages

;gl\f'lude\ @ Model ... Tracea... &3 TestC.‘. =04

Testing Goals
Use Cases
4 Requirements
» 13.2.2.4 2xx Responses
» 151 Terminating a session
» 17.1.1.2 INVITE timers
> 17.1.2.2 Non-INVITE timers
> State Chart
» Conditional Branching
> Control Flow

|t B i

Running incremental test generation in parallel.

Allocating Cenformig Computation Slaves...

Allocated 2 Conformiq Computation Slaves on 1 node
[00:00:03] Currently covered 82% (59/72) of target checkpoints.
[00:00:06] Currently covered 89% (64/72) of target checkpoints.
[00:00:09] Currently covered 93% (67/72) of target checkpoints.

T »

Generate Tests: elapsed...ning 2:09: (4%) o |

=l

Automated Test Design™
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Making Sense of Generation Results

» Integrated graphical IDEs with interconnected views

 Abillity to influence test case naming — a first glance should
give a good idea

« Traceability matrix linking coverage criteria to tests

« Specific test preview of message flow, test data, and timing
« Highlighting of test and criteria in the (system) model

« Enable analysis of tests and model defects via debugger

CONFORMI Automated Test Design™ © 2011 Conformig, Inc.



Example Test Review

& Conformiq - Confarmiq
File Edit Project Window Help
%o X
= [ B Conformiq | % Conformiq Debugging
) Project Explorer 2 ¥ =0 Coverage Editor: SIP UAC 3 = B || 2:Z Model Browser 52 |[Z] Model Profiler | [& a
5 SIP UAC - B T8 % e
Bx Basic Testing Goals Basic
“wn ExcelScripter Use C v
“Ug HTMLScripter RSE ases = v i
o TTCMScripter “ Eq;lrernen = = 00
E5 doc ‘ e es secsion wi ;
- o anlishes session with ACK o
a readme.html 1517 - - 100
L rfe326l.on . 1?‘1 lezr;r[\‘;:';:l;s S . 100
== SIP User Agent Client Walkthrough sl tlmers. ~
- = a 171.2.2 Non-IMVITE timers w 100
=2 model =
L Resends BYE after E timeout v v
Main java Resends CANCEL after E timeout v
SIPUserAgentClient java TESEI'! St BYE cvcle after F & . - v B e pe oo L FETH
= sIPUserAgentClientaxmi Tarm!nates CAN(C)'E(LE B ‘er &‘m;:_u " N -
. erminates cycle after F timeout
SystemBlock, -
ystemBlockjava . Stste Chart v 100 aecta-arEmeapansa mag P finging
! m L - Conditional Branching v 100 e e B Ll o —
s TestC.. 32 | %5 Model ... | % Breakp...| = O » Control Flow - >
Search: > Dynamic Coverage - h ' - .
= Name Creat || 1] Resends CAMCEL after E timeout 52 = B || & Steps: Resends CANCEL after E timeout 51 | = Progress| B Console 78 Use Case Editor| O
1 Resends INVITE after A timeout 2011- = — Ea———
I Lo
2 State SIPUserAgentClient.Waiti...  2011- H @]l o o T-H 2 15 =~
3 UAS core sends OK in response...  2011- T ) F / Field Port / Field value Tlmew |‘|
4 UAC core terminates a session ., 2011- Tester : 4 1 Userlnput to userln 0.0 b
5 I Resends CANCEL after E timeout I 2011- ; cmd "call”
6 Resends BYE after E timeout 2011- Usernput params "sip:bob@127.0.0.1:5061"
00 4 T SIPRequest from netOut 0.0
e ——— a startLine
. 005 . SIPRequest ‘method “INVITE"
T requestURT "sip:bob@127.0.0.1:5061"
SIPResponse a callld
L =00 ) callld "£SYSTEM_GENERATED_1_"
4| I b T, f L - contact J il
o
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Traceability Matrix

& Conformiqg - Cenformiq

File Edit Project Window Help
E -
= .
Conf Deb
an'.-e(CtrHS] ig | %F Conformiq Debugging
odel Browser @ Model Profiler

Testing Goals
Use Cases

N

Requirements
& 4 13.2.24 2w Responses

Traceability Matrix i Test Case Dependency Matrix

UAC core establishes session with ACK

4 151 Terminating a session
UAC core terminates a session by s

ending BYE

UAS core sends OK in response to BYE

4 17.1.1.2 INVITE timers
Resends INVITE after A timeout

Terminates INVITE cycle after B timeout

4 17.1.2.2 Non-INVITE timers
Resends BYE after E timeout
Resends CAMCEL after E timeout

Terminates BYE cycle after F timeout

Terminates CAMCEL cycle after F ti
a State Chart
- States
4 Transitions

meout

SIPUserAgentClient.Calling->SIPUserAgentClient.Ringing-1
SIPUserAgentClient.Calling- » SIPUserAgentClient final-state-1-3
SIPUserAgentClient.Calling Wait-> SIPUserAgentClient. Calling junction-state-7-13
SIPUserAgentClient.Calling.initial-state-6- » SIPUserAgentClient.Calling.Wait-15
SIPUserAgentClient.Calling junction-state-7->5IPUserAgentClient.Calling Wait-14
SIPUserAgentClient.Canceling- > SIPUserAgentClient.Waiting Response-9
SIPUserAgentClient.Canceling- > SIPUserAgentClient final-state-2-12
SIPUserAgentClient.Canceling. Wait-> SIPUserAgentClient. Canceling.junction-state-11-20
SIPUserAgentClient.Canceling.initial-state-10-> SIPUserAgentClient. Canceling. Wait-19

SIPUserAgentClient.Canceling.junc

tion-state-11->SIPUserAgentClient.Canceling. Wait-21

SIPUserAgentClient.Init-= SIPUserAgentClient.Calling-0
SIPUserAgentClient.Ready- > SIPUserAgentClient. Terminating-4
SIPUserAgentClient.Ready- > SIPUserAgentClient.final-state-3-6

SIPUserAgentClient.Ringing->SIPU

ETAUN e Aol Diem mion e CTTILL

o~ Resends CANCEL after E timeout

serAgentClient.Canceling-11
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From Test Generation to Test Execution

* Modeling and test generation is iterative process

— Regular reviews of model & tests with stakeholders
. . 6 Render
locate problems prior to test execution

- Integration with automated test execution -
. : . .. Test Script
frameworks is realized via scripting backends

— Full test script generation in case interfaces of Test Framework

model and test framework match

— In other cases test scripts with stubs for a generic
mapping to a test framework

— Same mechanism can also generate documentation

« Open API allows creation of own or adaptation of
generic backends for any testing framework

System Under Test

CONFORMIO Automated Test Design™ © 2011 Conformig, Inc.



Rendering of Tests

& Conformiq - Conformig

CONFORMIOQ

File Edit Project Window Help

ESe X
[ | B Conformig %§ Conformiq Debugging

L1 Project Explorer &2
a |l SIP UAC
Basic
@ ExcelScripter
g HTMLScripter
G TTCNScripter
a = doc
2 | readme.htm|
) rfc3261.bd
== SIP User Agent Client Walkthrough
4 (22 model
Main.java
SIPUserAgentClient.java
=) SIPUserfgentClient.xmi
L) SystemPBlockiaya
CQ_Defaults.tten3
CQ _TestHarnessTemplatetten3
CQ TestSuitettcn3
CQ_TestSystermn.tten3
CQ _Types.tten3
@_] ExcelMappings.xls
@4] ExcelTestSuite.xls

] s b

EEEEe

BEE Test C.. 12 | %% Model ... | % Breakp...| —
Search:
-
B Name Cr
1 Resends INVITE after A timeout 20
2 State SIPUserAgentClient. Waiti., 20
3 UAS core sends OK in response.. 20
4 UAC core terminates a session ... 20
5 Resends CANCEL after E timeout 20
6 Resends BYE after E timecut 20
] T 2
e

15§ SIP UAC

~

m

T =B CDvErageEdltDr: SIP UAC 2

B 1=

Testing Goals

Use Cases
Requirements
13.2.24 2ux Responses
UAC core establishes session with ACK
151 Terminating a session
17.1.1.2 INVITE timers
17.1.2.2 Non-INVITE timers
Resends BYE after E timeout
Resends CANCEL after E timeout
Terminates BYE cycle after F timeout
Terminates CANCEL cycle after F timeout
State Chart
Conditicnal Branching

Control Flow
Dynamic Coverage

TT_’T Resends CAMNCEL after E timeout 2

Userlnput
=00 -
! SIPRequest
L e ———————
SIPResponse
=00 >

mn

=0 ;’3 Model Browser @ Model Profiler

s B T

Basic

v
w 100

1on

s

~ 100
w100

Testing Goals
Use Cases
Requirements
13.2.2.4 2xx Responses
UAC core establishe
151 Terminating a sessi

= session with ACK
on

UAC core terminates a session by sending BYE

UAS core sends OK i
171.1.2 INVITE timers

n response to BYE

Resends INVITE after A timecut

Terminates INVITE ¢
17.1.2.2 Non-INVITE tim,

yele after B timeout
ers

Resends BYE after E timeout
Resends CANCEL after E timeout

Terminates BYE cycl

e after F timeout

Terminates CANCEL cycle after F timeout

State Chart

>

Traceability Matrix &2 HH Test Case Dependency Matrix

3 4 5
XX
X
X
X
X

=8 E Steps: Resends CAMNCEL after E timeout | 5 Progress B Console 52 % Use Case Editor

H@\ 0] O'Fﬁ = ||SIP UAC

- Meszages

“|=§E'L_J

=

o

TTCN-3 scripter:
TTCN-3 scripter:
TTCN-3 scripter:
TTCN-3 scripter:
TTCN-3 scripter:
TTCN-3 scripter:

: Export test cases for test design configuration Basic

: Generated TTCM-3 default altstep to C\Users\schulzs\workspace\SIP UAC\CQ

1 Generated TTCM-3 test harness template to C\Users\schulzs\workspace\SIP U
1 Generated TTCM-3 type definitions C\Users\schulzs\workspace\SIP UACVCQ 1
: Generated TTCM-3 port and component types file C\Users\schulzs\workspace
: Generated TTCM-3 script to ChUsers\schulzs\workspace\SIP UAC\CQ TestSui

INFO: ExcelScripter: Rendered successfully to C\Users\schulzs\workspace\SIP UAC\ExcelTestS:

1
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Example Manual Test Report

3

A B G D E K
1 Conformiq Test Specification
2 Project: SIP UAC
3 Generation Date: 28.9.2011 16:10:23
4
5 Testcasel: Resends INVITE after A timeout
6 Summary: Fillin
7 Overall Verdict:  Open Executed against SUT Release: Fill in
& Executed by: Fillin Test Execution date & time: Fill in
9 Step Action(s) Verification Point(s) Verdict |0bservatinn5
N Stimulate system via userln with Userlnput where cmd |System responds on netOut with SIPRequest where method is apen cilin
10 is "call" and params are "sip:bob@127.0.0.1:5061". "INVITE" and body is "<MsgBody_5>". "
. After 0.5s.: System responds on netOut with SIPRequest wher
2 No action - B
11 method is "INVITE" and body is "<MsgBady_5>". Fail
) After 1.0s.: System responds on netOut with SIPRequest where| Mot Executable
3 No action ,” " o " Open Fill in
12 method is "INVITE" and body is "<MsgBody_5>".
) After 2.0s.: System responds on netOut with SIPRequest where|
4 MNo action N R Qpen Fillin
13 method is "INVITE" and body is "<MsgBody_5>".
B System responds on netCut with SIPRequest where method is
5 MNo action B Qpen Fillin
14 "INVITE" and body is "<MsgBody_5>".
B System responds on netCut with SIPRequest where method is
6 MNo action B QOpen Fillin
15 "INVITE" and body is "<MsgBody_5>".
. System responds on netOut with SIPRequest where method is
7 No action " N o B Open Fill in
16 INVITE" and body is "<MsgBady_5>".
. After 0.5s.: System responds on userOut with UserOutput
8 No action T R Open Fillin
17 where ind is "call ended - timeout".
18
19 Testcase 2: State SIPUserAgentClient.Waiting Response
20 | Summary: Fillin
21 Overall Verdict:  Open Executed against SUT Release: Fill in
22 Executed by: Fill in Test Execution date & time: Fill in
23 Step Action(s) Verification Point(s) Verdict Observations
N Stimulate system via userln with Userlnput where cmd |System responds on netOut with SIPRequest where method is apen Fillin
2 is "call" and params are "sip:bob@127.0.0.1:5061". "INVITE" and body is "<MsgBody_5>". "
) Stimulate system via netln with SIPResponse where System responds on userQut with UserQutput where ind is o il
en inin
25 statusCode is 180 and body is "". "Ringing". P
3 Stimulate system via userln with Userinput where cmd |System responds on netQut with SIPRequest where method is o il
en inin
26 is "cancel call" and params are "". "INVITE" and body is "". P
Stimulate system via netin with SIPResponse where
4 ) ) No response Open Fillin
27 statusCode is 200 and body is "".
Stimulate system via netin with SIPResponse where System responds on netCut with SIPRequest where method is open Filin

E
M| Test suite

TraceabilityMatrix 2

[T

Automated Test Design™
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Example Test

Script with Stubs

© CQTestSuitettcnd x CQTestSystemittcn3 | @  CQ_TestHamessTemplate.ttcn3 CQ Defaults.ttcn3 CQ Typesitten3
) CAUserstschulzs\workspace\SIP UACYCQ_TestSuitetten3 o &I | @ csers\schulzs\workspace\SIP UAC\CQ_TestHarnessTemplate.ttcn3
17 module CQ TestSuite f 78
o 3
import from CQ_Defaults all: A
import from CQ TestSystem all; * @desc
import from CQ Tvpes all; * This function performs manipulation needed and sends a p_SIPRequest
import from CQ_TestHarnessTemplate all; 83 * wvia the abstract test interface to the SUT.
z3 g4 * @param
modulepar float mp max response time * p_SIPRequest Message data generated by CQ Designerto be sent to the SUT
*/
Jw function f_cqg_send SIPRequest_to_netIn(template SIFRequest p_SIPRequest)
* @desc runs on CQ MTC
* When this module parameter value is set to true all reqguirements { -
* targeted in each test case will be logged. // S5teps that nced to be implemented here are:
* The default value of this module parameter is true. [/ (modify and uncomment example code as needed)
=f // 1. transform data from a SIPRequest to the TTCN-3 data value used by the test harness (if needed)
modulepar boolean mp_log_targeted requirements i= true; // var <T35IPRequestIype> v_T35IPRequest := f_transformSIPRequestCQuols(p SIPRequest):
// 2. replace symbolic valuss (if any) with real values in TTCN-3 data valus
ikl // 3. send TTCN-3 data value via ITCN-3 port which corresponds tonetInmodel port
* Bdesc e netlIn.send(v_T35IPRequest); E
*  Test case 'tc_Resends INVITE after A timeout' generated from the Conformig 'SIP UAC' proje // Remove or comment the following gensrated cods
=/ log("CQ_INFO: Warning: f_cq send SIPRequest_to_netIn: function is not implemented)™):
testcase tc_Resends_INVITE after A timeout ()
runs on CQ_MIC system CQ TestHarnessSystem
i Jex
log ("CQ_DEBUG: Starting executlon of test case: 'tc_Resends INVITE after 2 timeout'"); * @desc
wvar float v_last_wait_timeout := 0.0; 103 * This function performs manipulation needed and sends a p_UserInput
var default v_cg_defaunlt; * wvia the abstract test interface to the SUT.
* gparam
f#%#%% ser up test configuration, TTCH-3 harness, and adapter ===/ “ p UserInput Message data generated by CQ Designerto be sent to the 5UT
£ cg start_test_case(): =/ -

CONFORMIO

// default handles waiting beyond maximum response time and reception of any
// other than the expected message with setcing a fail werdict and stopping the testc

v_cq_default activate(a_cqg default()):

T o= 0.0 whwaRy
tc_Resends INVITE after A timeout:
serIn(m UserInputTemplatel

JeRRxs Step 1;
log ("CQ_DEBUI

Step 1™);

© o= 0.0 ®EEER/

Jewwrn Step 2;
log ("CQ_DEBUG: tc_Resends_INVITE after & timeout: Step
T_cq_timer.start(mp max response time);

// Note: is active!
£_cq_receive SIPRequest_from

t_cq_timer.stop;

In below resceive v_cg default ()
etOut (m_expectedSIPRequestTemplate?) ;

Jexxxx Step 3; € = 0.5 wxwxx/
log("CQ_DEBUG: tc_Resends INVITE after A timeout: Step 3");

m r

Automated Test Design™

function £
runs on CQ

serInpu

userln(template UserInput p UserInput)

{
// Steps that need to be implemented here are:
// (modify and uncomment example code as needed)
// 1. transform data from a UserInput to the TTCN-3 data value used by the test harness (if needed
// var <T3UserInputType> v_T3UserInput := f_transformUserInputCQtoT3(p_UserInput):
// 2. replace symbolic values (if any) with real wvalues in TTCN-3 data value
// 3. send TTICN-3 data value via TTCN-3 port which corresponds touserInmodel port
// userIn.send(v_T3UserInput):
// Remove or comment the following generated code
log("CQ INFC: Warning: f_cq send UserInput_to_userIn: function is not implemented)");

frw

* Bdesc

" This function receives a TTCN-3 value corresponding to a SIPResponse

< m ’
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Test Generation Summary

« The ability to generate tests automatically is a good start

— Equally important however is the ability to control & guide test
generation and to be able to understand the purpose of a test

— Coverage criteria selection is one way of steering test generation

 Model and test review clear up misunderstandings &
defects earlier where it is (much) cheaper to fix them
— Makes test quality much higher during test execution

« Finally tests can then be rendered for test execution to
any desired scripting language or documentation format
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Thank you for your attention!

stephan.schulz@conformig.com
www.conformiqg.com
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