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Traditional testing methodologies are insufficient
80% of development costs are spent identifying and fixing defects

Induced |
Errors

Too many defects—
being
introduced !

Defects being detected
too late !

A\ 4

Development Integration HW/SW integration Operation
Test
$80/defect * $240/defect* $960/defect* $7,600/defect™
Requirements Phase Development phase QA/Testing phase Released Product

*Source: 2008 GBS Industry standard study

Defect cost derived in assuming it takes 8 hrs to find, fix and repair
a defect when found in code and unit test.

Defect FFR cost for other phases calculated by using the multiplier
on a blended rate of $80/hr
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Current practices....

" Implement code from textual requirements
" Test only on target late in development cycle

—Defects introduced early but detected late during testing and validation
* | arge part of development time spent manually testing

— Difficult to communicate script/code tests to others and not traced to requirements

Induced
errors

Costs of
design
changes

-

T
WH&Iysis)esign Implementation
L ‘ ‘

An optimal approach would be to fix errors as they are introduced, thereby
helping to reduce your cost of development.

© 2012 IBM Corporation
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Quality by Design - “shift left” to identify and fix errors early
The Benefits of Model Driven Development with Model Based Testing

Induced

errors |

Costs of
design
changes

Analysis Jesign Implementation Test
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Model Based Testing

" Visual test definition for improved collaboration

" Automated test execution, monitoring and test architecture creation

* Early validation of requirements during systems engineering

" Automate unit and regression testing helping improve software quality

Requirements
capture & analysis

System
acceptance

(Sub-)System

Systems

analysis & design integration & test

Module
integration & test

SW design

Ensure
Correctness
. . Correctness
Specification & )
. Implementation
Design

SW implementation
& unit test
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Key Enablers of Model Based Testing

]
Test Cases

Colfaborition & utoNTate Testing
Traceabililty

© 2012 IBM Corporation
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Capture test cases with UML !._/‘ N\

" Based on OMG’s standard UML Testing Profilie ( )
" Specify test cases visually for better communication across teams

" Creating code tests cases or importing Cunit/Cpp unit tests also possible
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15
90500, 100000, 100100, 108000
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Automate Quality

" Automatically create test architecture

— Creates a System Under Test (SUT), test components and test context
" Apply model based testing to external code

— Code is developed outside of Rhapsody

— Visualize code interfaces in Rhapsody and apply model based testing

wTestContexts
TCon_AlarmContraller

AlarmController &
1 wSUTx o
bt itsAlarmController Alarm Controller
e
[
ILedCtrl, ILightTtrl, ISirenCtrl ‘
—
e el by Ohservar
hwObserver
[]—O hweCtrl hwibserver
IDoorListener, IKeyLigtener, IMovementListener 1 wTestComponen 1 wTestComponen
itsTC at hwCtrl itsTC _at_bw(h:

Automatically Created Test Architecture |
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IBM Rational Rhapsody Test Conductor Add On

» Visually capture test cases for better communication

* Define test cases with sequence diagrams,
statecharts, flowcharts or even code

* Avoid manual programming
» Automate testing tasks

— Create test architecture
* Execute and monitor tests
— Interactive for debugging,
— Batch test suites for nightly regression

— Include CUnit/CppUnit tests
» Traceability across lifecycle — from requirements to
integration
— Integration with Rational lifecycle solution
» Host level and target based execution
* White-box , black-box for design validation
= “Offline testing” mode:—for testing on target
= C++, C, Java, Ada Supported
» Definition and management of regression tests
» Reporting of results, coverage and traceability
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Model Driven Test Generation

" Automates generation of test cases for complete model and
code coverage

— Export test cases for scenario-based testing using Test
Conductor

— Supported for C++
"  Automatically generates test cases with high coverage of the
design

— Model coverage: Covers states, transitions, operations,
event generation

— Code coverage: Generates all relevant combinations of
inputs for MC/DC

B Rhapsody in C++ Automatic Test Generation - Test Generation Configuration: Test
File Edit Tools Help

S Test:ATR General | Iterface Defition | Test Goal Defirition |
H % Settings

Name: Test

Test Case Generation Timeout (min} g
™ Use ATG Compilation Environment

[™ Delete existing SDs/Tests when exporting
Bxport to:

[ATG. Test_ATG. Test |
Additional Include Paths:
Additional Sources:
Test Goal Coverage
Total number of Test Goals 16
I T :§ A I
Total number of Statements: a3

L 60@&s%) |

Description

B Rhapsody in C++ Automatic Test Generation

EBX

Test Generation Configuration: Test
Generating Test Cazes

Tirneout 00:07:00

T 00:00:13
Tatal Number of Test Goals 16
S 1100 <1 ] = I— 0|
State Achivation 4
N 11100 7 < | I— |
Tranzition Firing 5
N 111000 17 I— |
Operation Call 0
010z
Ewent Generation 0
0101
Code Coverage 7
S R — 11
Statement Coverage a8

Hide Dretails
= By Test 13416

+-E] ButtonPkg:PresséindHoldButtor: 13416
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Code Verification with Rational Test RealTime integration

Runtime Analysis:

Code Coverage

Performance Analysis

Memory Profiling
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Integrated Design and Test Environment
Manage test cases within Rational Rhapsody

——— " Common Browser for design and test information

Design Artifacts 1 — Syncs information to maintain consistency between design and
ED Object Model Diagrams teSt

o Eﬂ Domains Overview

é"‘z'_g’;gi;nal» Coptirary { = Apply model based testing to external code

E' sExternals RhapsodyFramework

P 4 — Visualize interfaces in Rhapsody
EI@ Classes . !
&-B BuyOneGetOneFree

Q BuyThreeGetOneFras I=L ) CashRenister Test Context Result
-, CashRegister

B Countedrroduct TeSt ArtifaCts

-8 Product

Test Execution Reports

#-B ProductDatabase {:I Prefiles -
= Miiotn A &5 respacions
Q ThreeForOneEura EJ demo ) Test executed on machine: MNBOSC-21-1
[]"'\2] Dependenies EEJ TPkg_CashRegister_0 Test executed by user: ubrockmeyer
[]...g Interfares 'D Packages Used OS version: Windows 2000 / Windows XP
=-{Z Cbject Model Diagrams 3 TestComponents Used Rhapsody version: Aries, build 799102
: B_ﬂj CashReqister Overyiew El% TEStcntEth Used TestConductor version: 2.0, build 530
-BH| Praduct Overvieﬂ ] E‘-‘ﬁ 0
g9 ProductDatabase Overview
fo 5_@] Special Offers Owverview Project: CashRegistar
[]..{:l Sequence Diagrams . Artive Component: TCon_CashRegister_S
I:I---El HardwarePkag : b SUTs i Artive Configuration: DefaultConfig
-] Test Conkext Diagrams
[]---& InterfacesPkg Low @
B-E PredefinedTypes (REF) B ;estCases Test Context: TCon_CashRegister
£ PredefinedTypesCpp (REF) E]mx"" akg_te_002() tr_code PASSED
-5 RequirementsPkg []...’:,- akg_te_003() t_activity_diagram PASSED
[]---E' TestConductorPkg []mx‘"j atg_te_D040) tc_adding_removing_products PASSED
[]--D Profiles gx‘" atg_tc_gggg tc_regression_test PASSED
#-C3 TestPackages _< []---"v- :tg_ti_nng() atg_tc_n0s PASSED
b -
- N F-% ke_activity_diagram() atg_tr_003 AREEED
% to_adding_remeving_products() &tg_te_AoG FASSED
-® ko_codefy i A Bl £ B o o YT 1o Ty e NP Eliz{E [T12 RESSED
B-*. to_regression_tesk() ‘ TestComponentInstances 4 atg_tc_003 PASSED
[ZI---‘ TestComponentinstances TestConfigurations 4 atg_tc_004 PASSED
[y, TestConfigurations - 5¢ TestResults {
(-5 TestResults |t TCon CashRedqister 1.html s '
\- []---E—'H, TestScenarios : _,;r TCon_tCashReqister _1,xml
E:I---E—‘ﬂ; TestScenarios
e et A e g ] 3 © 2012 IBM Corporation
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Model-Driven Development Model Based Test
IBM Rational Rhapsody W|th TestConductor

Juudglz_:«wwjr‘x\} R OLEEs3al[RaE
[+ Microsoh Oebus 7Jn:|:m: By o

Capabilities

* Requirements-driven analysis, design and test for systems

engineering and embedded / real-time software applications

* Rapid design validation and verification with frequent

simulation and testing

* Development and deployment of complete C, C++, Java and
Ada applications targeting embedded device

* Model based testing with Rhapsody TestConductor Add On

visualizes requirement and unit test cases

Simulation for model level debugging
e = : Benefits

DR +2@ =N 6° o H| & &) %l | B B 2 B
50 8 @ o[ MG |v] DS BE @RS €

* Build the right product through non-ambiguous
communication and frequent collaboration

* Eliminate defects early and increase quality by continually
testing the design

= * Reduce development time by automatically generating
- applications and automating test execution and reporting

* Improve traceabilty cross link requirements, design, code and
test cases and help maintain consistency

Specific, execute and monitor test cases with
Rational Rhapsody TestConductor Add On © 2012 IBM Corporation
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Requirements to Test Results Coverage

esults & Coverage

To: Requirement  Seope: CashRegister

h [ ReQ ‘EREQZ ||3REQS ‘EREQ‘I |EREQ5 ‘EREQG ‘EREQ? ‘EREQE ‘EREOQ ||3REQIU

N E LA I #EQ
" Automated reporting of test results P
&%, a b 006

— Requirement to test coverage table g

'l
01K,
— Test Coverage results iR
R R atg e 004
Y
H *
— Complete test results in the reports £yl
a
i Rt o 0 .
7 All Requirements
o | B FC i
® Code tr e Covered by
3 - N T ¥ -+ |Name | Specification
> | Rational Quality' Manager e Test Case
- - B ] ] 2t . atg_tc_003
& small stand-alone Cash Register needs to be designed that reads barcodes of
i REL products that a Customer has selected, (W Passed)
[ /'_ Home  ‘iew Test Plans (] TestPlan_CashRegiste. . |El TestCase_01_SO_InitC... I+ Execution Result REGLD After receiving a start event Cash Register will send 2 message "show(Ready)’ to its (Sﬁ_::caﬁzd)
Requiremerts display,
m & 5 REQ2 |When a product has been identified, its name and price are displayed on a display. not covered
E: Execution Result - p P play play.
= ? g = If the barcode cannot be read automatically then the message "Unknown product
Planning Saminae e eSOl = REQ3 il be displayed and the barcode can be entered via the Cashier's keyboard. not coversd
i Homt when all the selected products have been read, a ticket is generated containing the Gade_tc 0
E.f T ot 02 FEQH |yt o o sh, L Aomrnducte with the unit mr ntity and total price, (. Passed)
Construction 16:20:31, Monday, April 27, 2009 di
® e Marne Merdict ssible to add special offers ot coversd
B Gl [paace e pp— musare £¢ TCan_CashReqister__SD_tc_0_4.html ¥, Failed LB
L:uh Host Name: jekyllsslave Test xecuted by User: Adminestratr — — — =" FC_tc_0
[ r Cmer: Mary, TestManager Used 0 vertion: Windows 2000 / Wdows 1P . . Passed
e T —— ER e p— & TCon_CashRegister __atg_tc_007_7.htmi @ Passed o )
Test Milestona: Lo TononAT vn B il | the last selected product
. e last selected product,
Test Case: TestCase_01_SD_initCashRe e ﬁ TCon_CashReqgister__akg_kc_006_9. himl Ig Passed P not covered
Execution Froject CppCashRegister
Tastsenck e Actv Campenert Tho CatRagiter Comp & TCon_CashRegister__atg_bc_002_2.himl @ Passed fncrgs i the future. :Zt EE:::ZS
[ Test Data: Unassigned ol L :
Reporis Weight 100 505 used i test ﬁ TCon_CashReqister__akg_kc_003_2.html @ Passed
TPg_CastRegeter: SOTestScenarn_0
Resutt Details * = i
TiCon_CashRegister _ atg_kc_004_9,hkml Passed
Total number of S0s usad ﬁ @
TCon_CashRegister__SD_tc_0_0.htmi :mzlmnb-ufmmlr:?nm_. Er TCon CashRegister FC tc 0 0.htrml Ig‘ Passed
TestConductorAdapter20844 out lotal rurribes of executed SO etances - —_— - - =
TestConductorAdapter20845 e Total number of PASSED S0 instances: - .
Tesil 0520843 108 Total b cf FALED 5D rataces: o TCon_CashRegister__Code_tc_o_0.html Passed
a '} — J— —
Total nurmber of ACTIVE 5D nstances:
o ey SPNOT ACTOR 0 et Ef' TCon_CashReqister_7.html @ Failed

© 2012 IBM Corporation
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Model Based Test Spans the Development Lifecycle

" Integrated traceability from requirements to design to test cases

" Manage execution of test cases and results reports using Rational Quality
Manager

" Mitigate project risks with continuous QA statistics

Rhapsody Designer for
Systems Engineers

DOORS Rhapsody Developer;

Team Concert

Team Concert Quality Manager

ifeCyele

ollaboration

© 2012 IBM Corporation
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Unify Lifecycle Disciplines
across Systems and Software Engineering
Best Practices, Tools and Services on an open platform

’ . . N\
(\Best Practices and Integrated Process Guidance

Ve e e ™
[ REQUIREMENTS MANAGEMENT \I ( QUALITY MANAGEMENT \
\\ o - //-" \ ) - y
S B S _
/“_'- &
( ARCHITECTURE & DESIGN N
S _s_ -
~ " ~
/ COLLABORATION, PLANNING & CHANGE \
\ MANAGEMENT |
., A

‘ Open Services for Lifacycie Collaboration

DO-178B ISO 26262

DODAF MODAF AUTOSAR
SYSML db:.t.z-— Automotive Spice®
Android ' IEC 62304
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Requirements-driven testing

" Quick definition and execution of model and requirement-aware tests
— Unit testing and regression testing

— Reuse design scenarios as test cases
" Requirement change impact and analysis
— Know which part of the model or which tests are affected by changing requirements

| Faed moscube 5

ol i il vk ez e g emea Ul Hegarcments’ cumend 21 13RS - EU0AS

B BN o et D ke e Dol o

L} TestPackages
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BEA LRPIF Y, kLl FEER Bk

E Ifoe Ak = | ;SATH 2D ]
gt 0 ¥ s lwroifnaents.  |lep [lrvstatees e =1-(L] Components

3 Requirements + Vﬂ TPkg_Stopwatch_Comp
i oy G s ¥ TestCompanents
iCemcty Pass/fail results can|b TP Do e ta

£1.1.1 Huritar of Paogle ass-allresu’is cafy be = 53 TCon_Stopwatch

r rwrips wos ki WP ELE R 101 e Fxta .
:n.hh‘::;r :?t,c:':‘.[:rf:L:-d ;n_lr-._-:rij-m i % ‘§Lyz£|lbec1lml_rqnlmvvlth I{M tOOl + I:' Llnh
i?ﬂ'.:nalﬁ ;v;:ﬂ::l;-.tl'!frjhls E;;:-J::NIE::.J:::.J pigrs 14 btk Bok and ek md& Pase=d + “ SUTS

wanld cakes prabd iy s Theor g Wby £ il i 2 =
ey i gl s e rri A e TS DRE I e TS + &' Test Context Diagrams

Uraesed

o -

passeiger b b werhr mla TG
s lak 3 i g i

confs brapriced 3 hean

Last moiie 1 oy 157 :.L-r' TestCases

Tre oop vl of m2re A iams T B

e rangs SOC000 bo G000t
AT
Firw anénizs conoke i I' +hls
I'x-1?.ri1: soniert 31 w1l £3
Eh T
Usirs smal dase man iy and® 53000 B0 500 boee e Dt
B '-I'JJ:. '!b‘ A g 2 irhemior b gl e W £y gt B
Axihepdrrain sl placed e ot Ford of 1a wbidde et e
Raperrwrit ThitiEall [hesarad
The rec ghal e abis b T -
il L
Lo ame Pacdbiremd |Eakct o i

%, SD_BlackBox_001(0
+ EI' SDInstances
+ g TestObjectives
= f TestResults
+ - ¥ TCon_Stopwatch__SD_BlackBox_001_0.html
v 5 TCon_Stopwatch__SD_BlackBox_001_0.xml
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Rational Rhapsody TestConductor integration with
Rational Quality Manager

Collaboratio

® Enables full execution control & management of model based Rhapsody
TestConductor test cases from RQM

" Execution status (passed/failed) and result reports (Execution Results, Coverage Results)
accessible through RQM

" RQM can utilize TestConductor execution results to continuously provide transparent & up
to date QA statistics and QA reports

EY |Rational Quality Manager
N Home | “iew Test Plans () TestPlan_CashRegiste... [El TestCase_01_SD_InitC... I Execution Result
Reguiremerts
E Execution Result *
=a %
Pianning Command Line Result
Test Case Result
‘E ‘,; Test Case: SD_te_0
Const;udmn 10:20:31, Monday, April 27, 2000 =
T E— e —| S0 TestScenario 0 «lezieenaron
Actual Result @ Passed Test ewpouted on machine: EUSSLAVE
‘J Host Name: jakyllsslave Test executed by user r— «SUT»
Mandigemert Oumer Mary, Test Manager :L‘E"‘” j;':‘:i‘l‘;;l;"”*"“ TCon_CashRegister.itsCa TCon_CashRegister.itsTC_at
Rinspsocy version 5 7 3 5
o e S S Em e, shRegister:CashRegister _hw_of CashRegister:TC_at_
Tesl Milestone hw_of_CashRegister
Test Case: TestCase_01_S0_IniCashRe
Execution Propct CppCashRaguter | [
Test Script 80_tc 0 e Comperant TRay CastRegiter_Comp | evStart() ‘
] Test Data: Unassigned B Crinly =8 Defudcorfy |
Reporte Weight 100 . T T |
' TPig_CashRegrter  SDTestScenar_0 show(aMsg = Ready) |
Result Details
L swmaryio [ sunmary: passed | |
Total numbar of SOs used: 1
TCon_CashRegister__SD_tc_0_0.htmi Total number of S0 instances in fest: 1 | ‘
TestConductoridapter20844.out Total e of executed SO stances: 1 | evEnd()
TestConductorAdapter20845.err Total number of PASSED SO instances: 1(100%)
Testi 0g20843.0g Total number of FAILED SD Instances. 0 (0%} | ‘
Total number of ACTIVE SD nstarces: 0(0%) ‘
Total number of NOT ACTIVE SD iInstances: 0 (0%} s
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Integration with Rational Quality Manager

= Allows linking Tests and test results in RQM with model based tests in Rhapsody

" Test execution, test reporting, test statistics etc. from RQM for model based tests

" Enables quality driven development throughout the development cycle

Import Test Script: Use local test resources

@ Test Script: New - Rational Quality M... | -
Rational Quality Manager

Step 3: Select Rhapsody TestConductor Test

Adapter Type
“Rhapsody TestConductor”

- Load TestSpecifications from Rhapsody
I: I| Dashboards > Create Test Script
Reguirements
<, TestCase0815 7
E y/ TestScript [500A0 Jtems wer pave LI
(Ex
Planning Originator: admin  Action: ISeIectAcliun 'l = &t Name . Full Path
Typer I Rhapsody TestGonductor el ato_te_002 TPky_CashRegister:TCon_CashRegister.atg_tc_0020
E// Description: Simple demo test atg_te_003 TPko_CashRegister TCon_CashRegister.atg_tc_0030
Construction atg_te_004 TPky_CashRegister: TCon_CashRegister.aty_tc_0040
Fhapsody TestConductor Test Details (7
=1 atg_te_006 TPko_CashRegister:TCon_CashRegister.aty_tc_006(
g ‘ This will create a Test Script that references external test resc aty_tc_008 TPky_CashRegister-TCon_Cas n
i P )
Mané‘gagmem Vse testresources from a shared local FC_tc_0 — Ster:TCon_CashRegisterFC_te_00
Choose test resources from s shared location. = =
: At execution time, the resources will be copied to the test ma SD_tc 0 TPkg_CashRegister:TCon_CashRegister.SD_tc_0¢
T TCon_CashRegister TPko_CashRegister:TCon_CashRegister
] ine 7
Builds @ Use test resources that are local to a test maching (7 TPkg_CashRegister TPky_CashRegister

Choose test resources that are on & test maching already
At ewecution time, the resources at the locstion you chooss w

=
Execution Select Adapter |

Frevious |[1-9of9] Fexd

Test Type

TestCase

Interactive Test Case
Selection

TestCase
TestContext
TestPackage

Buttons & List Boxes for

. .
Project Path [i:ModelsiPraject_1/Project_1.rpy Test Executlon Settlngs

5 Test Specification |TPkg_clags_1:TCaon_class_1

Reports Rhapsody Language IDefauIt ~|

Start Rhapsody in Silent Mode ™ 47
&' Grab only Results -

Build befare Execute [
Defects
Additional Argurnents |

Perfarmance Setting ICaptureAndLeaveOpen vl

Discard Changes | Save |

Contalns Unsavied Changes
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Agenda

*Development and Test Process

*Key Enabler for Model Based Test

‘Rational Solution for System and Software Engineering
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Rational Solutions for Systems and Software Engineering
Built on a core product set

Use modeling to validate requirements,
architecture and design throughout
the development process

Rational

Rational
DOORS

Manage all system requirements
with full traceability across
the lifecycle

P

Rhapsody

}Rational

i
N

Team Concert

Collaborate across diverse engineering
disciplines and development teams

q

»Quality Manager

Achieve “quality by design” with
an integrated, automated quality
management and testing process

.

o -r__a..

nnovation through

Collaboration
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Build in Quality from Concept to Launch

Requirements
capture & analysis

System

acceptance
" Visual test definition for improved collaboration - p—
ystems Sub-)System
" . . analysis & design in ation & tes|
= Automated test execution, monitoring and test o o |||||M - N
. . e -

architecture creation € &e&

= Early validation of requirements during systems  E»we %, w L e
. . A ) C t

englll e erlllg SD;;;c;l“:catlon & \%X lgz;l;:rcn:z:;tion
" Record simulations often to validate functionality

and verify correctness
" Automate unit and regression testing to help

improve software quality E

DEW & B@
50 1 @ o[focu

k4 MA@ X (R OE A0 v & o9 Bl %) €] %) & 6 2] 2
v DEBE BRI .

[ Ut optcsion

" Link to requirements, model, code and test data

2] =& LY
ENV. | callerTe | L Telephone| ENV. [receiverTelepho.. |

for traceability

" Automatically create and execute tests from the
design model or target platform

/00000000000000000:0700),
223 HH

T ks

TestContext Result

Test Context: Mainfolder

I
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Ensure Success with Rational

DL software

Process and Implementation Training and Technical services
methodology services mentoring
*  Process framework * Adoption quick starts *  Product familiarity ° Measured Capability
workshops . Improvement
Deployment support - Product expertise and Framework (MCIF)
* Rational Harmony * Project architecture specialization
family of Best Practices workshops .
) « Technology transfer * Product optimization
and Processes * Project management and customization
*  Process tralning *  Planning support * Adoption mentoring

 Escalation/risk - e-Learning ¢ Tool configuration

mitigation
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Track 15,45 -16,30
Model-Driven Development ¢
Model-Based Testing per codice Safety Critical

Track 16:30-17:15
Agile and RTC Adoption@Rome

Demo point 15,45 -17,00
Collaborative Life-Cycle Management
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Learn more at:
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