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Company Profile

* Founded in 2003, privately held

» Spin-off of a Computer Science Lab in
France (CNRS / INRIA)

» Supported by venture capital
* Innovation Awards in 2006, 2007, 2010

e HP Software 2
LZ5E, Gold Business Partner (ﬁﬂ I‘
* Independent Software Vendor

& test solution provider
* HQ and R&D Center in Besancon, France
» Sales Office in Paris, France and
Bangalore, India
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Iterative Test Generation
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Test generation: global view
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Large-scale Enterprise Information
Systems

> System of systems & Complex composite systems

» Multiple applications
* Mix of Bespoke and Packaged applications
* Mix of data-oriented and process-oriented applications

» Multiple targeted platforms (PC, Smartphone, Pad)

o Testing needs
» Business workflow and business rules oriented
» Application testing, but also end-to-end testing
» Requirements and Business Process coverage

> 80% of test execution still manual !
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Model-Based Testing in a Nutshell

Model Assets for Automated Test Generation

0 ol e N s S
. _ - B=
’K: : y MBT Test Production l
N Business i | ‘
Bw= \CCOERCRNE Automated Test Generation Repository

lLERequirements
< MBT Automated Traceability

T Test Execution

®x W

automated manual
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Model-Based Testing using Business™
Process models and Requirements
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Smartesting Certifylt
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Roles in the Model-Based Testing Process
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Models for Automated Test Generation

Business Process Model (BPVIN)

== == ‘ Business Entities and
T A - = . A Logical Test Data (UML)
b e /
Business Rules and Behavioral —_ -
Model (UML/OCL) | .
1 o —
f:l;}: -=- . D

Modeling notations
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What Types of Tests?

. End-to-end testing,
A core business processes

O

\ Integrated . Acceptance testing
T[RRI ISR  Of multi-applications
gualification

Functional Testing

Standalone business application ) of single applications

gualification
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MBT Process for Information Systems
1. Phases & Activities

Phases Major Activities
__g_ _________________________________________________________________________________
= Project Management and Supporting Activities
E A
@- Test Objective Analysis )
av e .
5, Modeling
0
8 Test Generation and Validation
c Publishing
£
2> Test Management and Execution
o
b . .
&) Script Development (Automation only)
Start Iteration 1 Iteration 2

© SMARTESTING 2012
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MBT Process for Information Systems
2. Major Inputs and Outputs by Phase

Phase Inputs Activities Outputs
- » Test Objective
. S Analysis Test
Preparation Regs Objectives
 Modeling
Desian o Obj-gi?itves « Test Generation Test Gen.
. . Gen.
g and Validation Vool e
* Publishing
Gen.  Test Management Test
Deployment Plan and Execution SEpT

= Read-Only Input Documents

= Artifacts Produced by the Process
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Managing Test Requirements
Test Objectives

Test Objectives

) B C 1 E =
1 Eegerement Priority  Type Erinf desr
10 | TIMOL - Enter and Submit Timesheet/Bazh.. HIgh Use Caze Cannot ore
11 TIMOL - Enter and Submit Timashast/Bani .. HIgh Use Cyze Cannot us
IZ | TIMAOL - Enber and Submit Timesheataite . Wedium  Use Case User o o
123 TIMOL - Enter and Submit Timeshest/alte . Medium  Use Case Cariral an
14 | TIMOL - Enber and Submit Timeshest/alte . Low Use Case Frimary o
15 | TIMOL - Enber and Submit Timeashaatidles . Low Use Caze Billing e
1f | TIMAOL - Enber and Submit Timeshaataite . Medium  Use Case User £am o
I7 TIMOL - Enter and Submit Timeshest/Alte . Medium  Use Case User o o
1B EF101 - Recnatment Process{Creste Job W . HIgh Busineys Process Wser cona
19 E701 - Rmenatment Process/Creste Job W . HIgh Business Process Product in
20 | B - Recnatment Process e Job High Brursinezes Process Can ravigl
21 |27101 - Recnatment Procezs/&pply for Job .. High Business Process Added pro
12 BF01 - Recnatment Process"iew Applica .. HIgh Business Process Displey th

23 B701 - Reenatment Process Schedule Inkt .. Medium  Business Procsss User can 5
24 |EF101 - Recnatment Process Reoord Inbeny .. Wedium  Business Process Llser can 8

1% EF - Recnatment Prooess/Reject &pplic.. Wedium  Businers Proosss:
26 EFL - Recnatment Prooess/0ffer Job'Ses .. High Eursimems Frocess
H 4+ H Bequrements 3 4

* Unique reference for “test”
N— requirements
= » Can be exported from existing
requirement repositories
e Includes attributes such as
priority, criticality, target release,
e etc.
= - * The “contract” between the BAs
and the modeling team

Business Processes

And all Other Sources...
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Test Generation process

-~ Ve

Smartesting Certifylt 5.3 Formalize

Capitalize
Reuse

Modeling
= Tests are

Ready to be
executed!

Business : . 6
Models | F
Test scripts

Reqguirements "
and test objectives fraca Rational.

Test Generation

Requirement : 0
Management Model Based Testing uPensm1mMe

Business Test
Analyst Analyst

Testers
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Test generation

What do you want to test? How do you want to test it?
Business Process Model (BPMN) Testing Strategy
= . 1 } :qc:;:zz:?:hzast Data TeSt
s = Analyst

- Model coverage

Business Rules and Behavioral e = . .
ffss ot i I H ‘ Test objectives
e - - Initial state

Models used for Test Generation J

» Expected behavior

e Observation point

* Processes and flows

» Business rules to be tested
 Documentation of actions

Automated

Test Generation

18
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Models used for test generation
1- Business process models using BPMN

. S\i}\ Create Order 9,\1\ 5\1\ Deliver Order 5{\ _
StartEventl : : .

@

Cornpute Sales Statistics

Deliver Crder Q
En 1

i
\ Package Order ?f\ Q
4
StartEvertl All iterns avaiable 7 En 1
‘i
Partial Delivery

A business process with

sub-processes in BPMN @
£ " Packageincomplete
refil Itemns p 4
_ = all received ?
/ Package Itemns ?,\\
StartEventl completed 7

Ean
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Models used for test generation
2. Modeling Actions/Observations and Logical Data

2 UML Class

— A generic way to capture
the characteristics and
operations

— May have associations
with other classes

2 UML Object

— An instance of a class

© SMARTESTING 2012

= Order

g nurn © ORDERMLI
g status : ORDERSTATUS 0.1 *

| OrderApplication «enumeration
[€] USERROLE

o logn () = NONE
% logout () =3 SALES
% createOrder () = SALESMGR
{ addOrderItem () = FINANCE
@ removeOrderItem ()
{6 reviewOrder () iemn‘eratm:-
&2 submitOrder ( ) <= MSGORDER
@ registerOrder ( ) = NONE

= ORDERREFUSED
= ORDERACCEPTED
= INVALIDITEMID

@ cancelOrder ( )
{3 @ checkMessage ()
i @ checkOrderItem ()

= Ttem

- ordler Egid : ITEMID

ordereditems  ~ Iterms

“EALIMeratiom:
= ORDERSTATUS

= MOME

= DEFIMNED

=1 WALIDATHED
= DELIVERED
=l REFLISED

=l REGISTERED
= SLEMITTED

(O quantity : Integer
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Models used for test generation
3. Behavioral modeling

= Order _ = 1tem
Eg UM : ORDERNUM "o ordereditems ™™ | =uid ; [TEMID
[Cg status ORDERSTATUS 0.1 * [Cg quantity : Integer
A precise descri ptlon
wenumeratiors: I
o of the re_quwements
=1 HNONE —] Orderapplication «enumeraticr and business rules
= DEFINED =] USERROLE )
= VALIDATED 2 login () = NONE defines the
= DELIWERED 5 logout () = SALES ]
= REFUSED = SALESMGR expected behavior
= REGISTERED 5 addOrderItem () = FINANCE
= SUBMITTED
«enumerations
‘& MSGORDER
= NONE
= ORDERREFUSED

= ORDERACCEPTED

)| = INVALIDITEMID

-—-BEEC: SALES/ALDD ORLEER ITEN

if (p_itemid <> ITEMID::INVALIDID) then
———[ALIN: Possikble to add & walid item to the order
wess = M3IGORDEER: :NCONE

el=ze
———[@AIN: Imwpossible to add a invalid item to the order
meszs = MSGORDER: : INVALIDITEMID

endif
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Controlling Test Generation
Business Scenarios

= 5"--:":—:-'?;

2 Business Scenario = Instance of a
Business Process
— Many possible scenarios

— Each task may have multiple outcomes
(both valid (v') and error (%) cases): e.qg.

ot 3v

} —
Task E has 2 valid cases + 3 error cases » ‘ i oy |®
o How does it work: Mo | [ 3x
— The business process defines all T { J'
possible routes, each route is a scenario .
— The user: av ¥
. . L B
» Builds scenarios by specifying 0 to n O*— R T e

mandatory stops

» Selects the task outcomes to exercise;
combinations are possible!

— Test generator calculates the optimal
© SMARTESTING 20[20u.te

End T ‘

How many scenarios can you imagine?
How many valid variations of A-E-F?
How many scenarios to test all cases of
Task B?

22



Managing Test Data
1. Logical Data Vs. Physical Data

2 A keyword driven approach for Model-Based Testing

— Structured approach through the use of equivalence classes (the
UML enumerations)

 Enumeration literals - the “logical data” of the system (e.g.
TS WEEK: :CURRENT_WEEK, USER_TYPE::ADMIN)

— Fits nicely in the paradigm of data-driven testing
— But not a replacement to test data management

2 Mapping Logical Data to Physical Data

— Typically using a spreadsheet-like or table-like format
» Logical data (enumerations) - headers of the columns
* Physical data - values in the columns
« Each line or row = one test execution

— Applies to both manual and automated tests
 Example for Automated Test Execution

23
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Managing Test Data
2. Example for Automated Test Execution

2 Example of a login() keyword in a test automation tool

4 The initial form in the SUT. The Test Analyst created a login(pLoginName,

Login Neme : pPassword) operation in the model. The login name corresponds to enumeration
Peszword: literals like UNKNOWN_USER, ADMIN, ESS_USER1 (a regular user), ESS_USER2,
=) SUPERVISOR, etc., that appear in the header of the data table below.

Skart Page ;gj.ﬁ.ttempl:ing to...eb (2b-82-050% L4 Project _DrangeHRM_impl.gfi*

98 function login{section, self, pLoginName, pPassward)
: : : o EEE usemname =""
The implementation of the login 100 | possword - ™
keyword by the Automation 101 If pLoginMame <> "NOMNE" Then
. F 102: username = Datatable Value(ploginame)
Engineer: lines 99-110 perform 103: If pLoginName <> "UNKNOWN_USER! and pPassword = "VALID" Then
required initialization based on — 13; FIEﬁ_l.sswurd=Datatable.Vﬂlue(pLDglnName+ _wALID
input parameters; lines 111-113 i _ -
- . - 110: cnd If
automate the action Of Iogglng In 1171 Broweser("OrangeHRM") . Page(" OrangeHRM") WebEdit("tdUseMName"). Set usemarne
with the right parameters 112: Browser("OrangeHREM"). Page("OrangeHRM") Wb E dit"tdPas sword").SetSecure passward
L[| 113 Broweser("OrangeHRM") Page(" OrangeHREM") WebButton("Login™).Click
114:  |endfunction
115:
116:  [function editTimesheet{section, self)
117 nnar cooa must ba ﬁ]’fe_d by_f?‘}e aurcrma-ﬂ'crﬂ _eri'gmeer
Ciata Table
The Data Table (created by cio |
importing the manually created [ 3 UNKNOWN_USER| ADMIN ESS5 _USER1 ESS USER2 SUPERYISOR ADMIN_WALID
1 [test] admin jeanp mariaZ geofirey 4e0cararcyb156b3h3d5f0A/f¢cad
Excel SpreadSheet)' The header 2 test] admin jowcelyn jeanp marial delcararc?h15b3h3daf 0B ccld

correspond to the logical data, rows

3 |unknown admin kalyan johri
1 to 3 to the physical data to use. W

© SMARTESTING 2012
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Generating the test plan
Publishing in the test management systems
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‘FJ"JE.'":,}

Test cases are
published to the test
repository:

* In natural language
for manual execution

Detailz | Design Steps |Test Script # |Attau:hmer|t3 * | Req Coverage | Linked Defects

B X | ¥

N P - # #
ubiect v | X|na\ & % e d# EH
73 Unattached
| | BPT Resources 1] ||Description |Expected Fesult

_+ OrderApplication
+-__| Libraries
=L Orderfpp
=4 COrderTestSuite
L7 addCrdertem (h2-fh-6d)

Details |Design Steps # |Test Script # | Attachmerts # | Reqg Coverage # | Linked Defects

|@ Action
: login "BODY™, "OrderApp", "SALES"

createOrder "BODY", "OrderApp"

1
2
3
4
5 getCreatedOrderMumber "BODY", "OrderApp”, "MURM2"
B
7
i
9

submitOrder "BODY", "Orderspp”, "MUKZ"

addOrderltern "BODY", "OrderApp", "NUMZ", "RESTRICTEDITERM", "1"

11:  checkOrderltem "BODY", "OrderApp", "teminstance2”, "NUMZ", "RESTRICTEDITEM", "1"
1% logout "BODY", "OrderApp”

:Ilg login "BO0Y", "Orderspp”, "SALESMGR"

1 2 displayMgrReviewlist "BODY", "Orderdpp"

13 checkMgrReviewlist "BODY", "Orderdpp”, "Order2", "NURM2"

310 reviewOrder "BODY", "Orderspp”, "MUKMZ"

gg checkhessage "BODY". "Orderdpp”, "ORDERACCEFTED"

gg logout "BODY", "OrderApp”

Sg login "BODY", "Crderdpp”, "FINANCE"

gg registerOrder "BODY", "Orderdpp", "NUMZ"

Login to the application with
===5alesRepresentativellzer===

tdenw  Crder [ Creste Mewy Order

on order # ORDER_002, add 1 itemns
ot bype Restricted

Menu § Order F Submit
Open order # ORDER_002 from the list
and submit

MenuLogout

Login to the spplication with
===SalesManagerUzer===

henu § Crder § Review

Locate arder # ORDER_O02 in the list

MenuLogout

Login to the application with
===Financellser===

The order just created will be defined by
#ORDER_O02

ORDER: ORDER_002
ITEM: Restricted
Cuantity: 1

Order # ORDER_002 shoutt ke in the list

should be: "Ordet has been

* In robot language for
automation, when needed

a0
RTESTING ZUL
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From Requirements to Test: Summary

© Input to start the behavioral PE——— —
modeling phase: = =
— Test Objectives that capture every o rmm——— :;
test requirement (including business rules) -
— Business Process model - E5 -2 = ﬁ
2 A minimal test project should include: anll RIS =
— A test generation model containing: { o
A UML class representing the SUT B8 (0

— With operations representing possible user/system actions
* A UML package containing an instance of the SUT (“Initial Data”)
— A Test Suite:
» Pointing to the UML package “Initial Data”
* No Test Selection Criteria (all tests targeted)

27
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Summary — From Requirements to Tests

2 Business Process models formalize the business or
application workflows to be tested
— Facilitating the communication between QA team and BAs
— Modeling for test generation : Business Processes + Business

Rules + Logical Test Data

2 Automated test generation creates the test plan ready to
be used in the test management tool
— For manual testing
— For automated testing

2 Automated test generation based on Requirements
coverage ensures high quality test plan

28
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