Software and Systems Engineering | Rational

IBM Rational Test RealTime v8.0
What's New?
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IBM Rational Test RealTime

» Reduce costs of fixing errors by finding them earlier in the development cycle

Costs of
fixing
errors

Induced e
errors —

Time

= Automate creation and execution of Unit Tests on embedded target environment

» Automatically pinpoints hard to find errors

— such as memory corruption error

» Highlight untested software, assess code coverage

» Help teams understand runtime software behavior on target
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IBM Rational Test RealTime - Overview .
= A comprehensive embedded software testing solution =
— Software Unit & Integration Testing = : o
— Electronic Control Unit (ECU) / Hardware in the Loop (HIL) Validation » = =
— Runtime Analysis (Code coverage, Memory profiling, ...) e - N@:

— Static Code Analysis (MISRA-C)

» Targeting embedded software developers and systems QA professionals

— Avionics, Rail, Automotive, HealthCare, Satelite, Telecom, ...

Works on hosts (Windows, Linux, Unix) and embedded target environments

Integrated with
— Rational development & quality Tools

— Microsoft Visual studio

First product version shipped more than 20 years ago

Used by over 200 customers in all industry sectors, all Geos
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Testing Embedded Software with TestRT
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Source Code

C/C++, Ada

@ Rational Test RealTime

Test Edition Environment

Generate Test Harness (C, C++, Ada)
Generate Stubs

Build Executable Test Harness

Execute Test on Target Environments

\ Generate Test Results /

U

Cross-compilers

Microcontrollers (RTOS)
Emulators / Simulators
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Test Results
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Code Coverage
Memory
Performance
Trace Analysis
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TestRT v8.0 — Nov-2011

= Script-less Unit Test Creation and Execution Environment for C language
— Assisted test creation based on reverse engineering
— Script-less Visual Test Editor
— Brand new user interface build on top of Eclipse CDT

» TestRT 8.0 allows C/C++ embedded software developer to work in Eclipse

— Enables to use any cross-compiler tool chain even if not integrated with Eclipse

5 Call Graph &2 ~7_—] Tasks| El Console| =1 Properties
Call graph computed from : /Handset/src/MainSystemBuild_Cygwin.c

\~ mlb_int_max_tab 33 - =0

% mlb_int_max_tab

.................

Available Run: | No run available <

evDisconnect_Init

[evDisconnect_CI...]

ConnectionMa

& 16 iterations defined in test case

Activity ,\ & G @ ®x Detais (en]

atalink_initRe

Test Case activity diagram

----- mmemesmmemny Name: | Check
y  RiCOXFStart 3
m ® Checked Variables B E & o | 8 ‘ % | Eb_(
MobilityManag v Enter initial and expected expressions for checked variables
RIC_Create_evDis.. ‘ e moes [ 0=>Multiple[4], 1.4=>5, 5.9=>Serie ]
RiC_Destroy_evD... MobilityManag Name Type > Initial Expression (& Expected Expression Obtained Value
o' size int 0 == Same as Init
— 4" tab int[10] OS] - [0=>0,1.4=>Same asInit, 5.
@' o int Multiple[4] == 0
" o 1.4 int 5 = Same as Init
evPlaceCall_Clea... SystemBuild_Cy... = m'5.9 int Serie == Same as Init
@’ retvalue int No Change == 0
—_— MobilitvManad
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Rational Test RealTime v8.0 — Capability Matrix

= |ntegrated with

Unit Testing

Static Metrics

Code Coverage

Performance Profiling

Runtime Tracing

Memory Profiling

Code Review

] <] K| | K| ] <] €O

System Testing

C++ | Ada
v v
v
v
v
Q
v !
T et
v Q/o\%?

Eclipse IDE 3.5, 3.6, 3.7, 4.2(comming) ]
Rational Quality Manager .
Rational Team Concert -
Microsoft Visual Studio

= Systems Requirements - Eclipse IDE

Windows XP Professional Edition SP3 (x32)
Windows 7 Pro SP1 (x32, x64)
Red Hat Enterprise Linux 5.0 update 4 (x32, x64)

Rational Software Architect = Systems Requirements - Studio classic IDE

Rational Rhapsody "

= Tests run on Virtually any target environment -

= Qualification Kit Available

DO178, FDA, EN50128, ISO 26262,...

Windows 7 Pro SP1, XP, Server 2008 R2
Red Hat Enterprise Linux 6 & 5 (x32, x64)
SuSE Linux Enterprise 10.0 & 11.0 (x32, x64)
Ubuntu (x32, x64)

IBM AIX 5L 5.3 and 6.1

Sun SPARC Solaris 10
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Rational Test RealTime v8.0 Integrations

\
Rational Quality Manager
Manage
Tests

J

v

*Run Test Case
*Gather Test Results

~

Rational Test RealTime

Automate

~

Rational Team Concert

Change & Configuration
Management

\_ J

Test Execution
OnTarget 30

- J

A

*Shell-Share Eclipse IDE
*Manage Tests under Configuration
*Submit defects
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Add-on to Software and Systems Engineering (SSE) Accelerator

Pete Susan Dan Tony
(Project Manager) (Systems Engineer) (Embedded Software (Quality Engineer)
Developer)

Process request,

make changes to

requirements and
trace links

!

Implement and verify Receive notification
Plan tests, create requirements in eceive noti
links to model and execute tests
requirements

!

Use models to
refine system
requirements, and
to derive software
requirements

[ Fix defect
Rational Solution [ DOORS C?[ Rhapsody@ﬂ[ MQal:‘laaIng
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Rational Testing Solutions for Systems

Sub-system

Software Software ECU / HIL* System
Unit Integration . Integration Integration Testing
Testing Testing Testing Testing

=7
X
=1
ol
/.
(4

Test Management
@Rationa/ Quality Manager

Automated Testing
@ Rational Test RealTime
Runtime Analysis

Manual Testing

Model-driven Testing ‘@ Rhapsody Test Conductor

Compliance Testing

Rational Systems Tester (TTCN-3)

(*) ECU: Electronic Control Unit
9 HIL: Hardware-In-the-loop © 2011 IBM Corporation
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Give complete CLM solution accessible to C/C++ developers & Testers

TestRT Eclipse allows developper/testers to works under Eclipse:
no more need to use external tool chain to develop & build the C/C++
embedded applications

RTC can becomes the Team developpment environment

RQM integrations alllows to manage tests against requirements

© 2011 IBM Corporation
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Build with any compiler tool chain (even if not integrated into Eclipse)
Build with Static and Dynamic analysis

Make Testing using development environment

Establish links to Requirements (RQM)

Graphical Test Case Creation wizard

Smart Test Case editor to enhance the tests

Raise defects from report

Easily share the work with colleagues (through RTC)

Customisable reports (xml+xslt) that can be seen from internet brower
Project Management (through RTC)

Improve installation using IBM Installation Manager

1 © 2011 IBM Corporation
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TestRT eclipse Tool chain Embedded-CDT Feature

TestRT tool chain (trtcc, trtld, trtex, trtclean) is the tool chain that use the TDP

(Target Deployment Port) technology to compile, link, execute, ...

The TDP technology allows to use native/cross compiler, debugger, and simulator that are not
integrated into eclipse.

The TDP selection from the E-CDT settings, allows to change the compiler and the way to
execute on target/simulator.

The E-CDT involves instrumentation & static metrics settings

allowing static metrics computation during build and get application with runtime Analysis.
Can launch debugger outside eclipse

Offers an application CallGraph view

View reports under eclipse

Export Static & runtime Analysis reports in 2 HEE)
XML format for any internet browsers Tool Chain Editor SRR
Resource
Builders
=) CJC++ Build Configuration: |TestRT_win32 [ Active ] v [Manage Configurations...

Build Variables
- Discovery Option
£ Call Graph 3 Environment
Settings Display compatible toolchains only
---------------- ) Tool Chain Editor

ptackupdowndete... ccl ) i setimp ! Current toolchain: |Rational Test RealTime Win32 v
4 CJC++ General
) i 3| | Polect References
([ mn ) Run/Debug Settings Current builder: | E-CDT Builder v
ol
T N e N

+- Validation
Used tools

E-CDT Compiler | | select Toals...

E-CDT Linker Z
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TestRT CDT Tool Chain for

&0 Properties for main

Resource
Builders
(=) C/C++ Build
Build Variables
Discovery Options
Environment

Tool Chain Editor
CJC++ General

€ Properties for main

Settings [ v

Resource X

Builders =
(=) CJC++ Build Configuration: ‘TestRT_winSZ [ Active ] V| [Manage Configurations...]

Build Yariables
Discovery Option
Environment

Settings
Tool Chain Editor
C/C++ General
Project References
RunjDebug Settings
Task Tags
VYalidation

| B Tool Settings

| # Build steps | " uild Artifact | [otb Binary Parsers | @ Error Parsers | Buid TOP | Build Instrument

Embedded (E-CDT)

Settings

Configuration: |TestRT_win32 [ Active ] Vl [Manage Configurations...

Activate application Test RealTime instrumentation E

& Tool Settings | # puild Steps H 7 Build Artifact H Binary Parsers H €3 Error Parsers H Build TOP H Build Instrumentl
(=183 E-CDT Compiler Command: I trtcc I -~
(5 Macro Symbols | all options: = =
i @ Directories
(22 Other flags
=& E-COT Linker =
@ Directories
@ Other flags
Expert settings:
E:e'";’:tt“:m: | ${COMMAND} ${INPUTS} ${OLITPUIT_FLAG} ${OUTPUT_PREFIX}H-{OUTPUT} ${RTRT_FL|

=) Settings
(= General
Selective instrumentation
Snapshot
Static file storage
Advanced options
[# Code coverage
[#- Memory Profiling
Performance Profiling
[#- Runtime tracing
Probe control
Static metrics
Code Review

Mame

Build options
Instrument inline method,
Instrument included met|
Excluded files

Excluded directories
Instrumentor hides all wg

Value
Coverage |

Settings

erformance Profiling
Code Coverage
[] Runtime Tracing
[] static Metrics

[] Code Review
[ under Debug

13

RO CETty Teters
Task Tags
[+ Yalidation

Configuration: ITestRT_winSZ [ Active ]

v I [Manage Configurations... ]

‘ 3 Tool Settings H # Build Steps ” 7 Build Artifact “ Binary Parsers ” @ Error Parsers | Build TDP [Build Insl:rumentl

a Targ:;\fﬁzleo;'ment Port Name
Target Deployment Port
Directory

Initial definition file

Source file language

Object file extension

Static library file extension
Dynanic library file extension
Binary file extension

Source file extension

<

[x]

C WinCE .NET emulator
C++ ARM Compiler - ARMulator 1.0

C++ Code Composer v2 c55x

C++ Green Hills

C++ PowerPC DiabData SingleStep Simulator for Windows =
C++ Unmanaged Visual \NET

C++ Visual 6.0

C++ VxWorks 5.4 For ¥xSim on Windows
C++ YxWorks 5.4 for ppc on Windows ™

€3

[ OK “ Cancel ]
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Accelerated Use

Introducing a new test paradigm based on a Visual interface:
source code = call graph =»Test case definition =»execution =»Result report+coverage

Provide a visual interface: Initial Yalue
Tests can be created and edited without programming " ""U'“p'e[j}

No language to learn: No Change

All testing possibilities are offered via contextual menus. Series

No Need to know variables & function prototypes: Multiple

The tool has parsed the application, So they are all listed in dialog boxes.
The visual editor checks inputs permanently: o
markers appears to warn the user ASAP on errors = a'key
The visual editor generates code on save. [z B0
The report viewer is the test editor: <ot 2e intinl value
Faster way to change test values from execution report | @ set as expected value
Test hierarchie enhance the re-usability: add value in history
Test cases and Test Stubs are re-usable. '
Test Stub allows multiple re-usable and enhanced behaviours:
each behaviour defines: parameter check/nocheck, and
return value or customized code if necessary
Test Code generation based on source code parsing allows compiler changes with minimal
impact on test asset

© 2011 IBM Corporation
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Component Testing with Runtime Analysis & static metrics

Test Assets

Test Case
Test Harness
Test Suite
Stub behavior e

Test RealTime Editors Viewers = 8 Test o
Test Case Editor o pplcation Reslt
Test Harness Editor (G Report
Test Suite Editor (% stub
Stub Behavior Editor j‘_ I:t E:f:ess
Data pOO| Editor L Test Result
Call Graph viewer (52 Test Suite

Dictionary Viewer
Project Explorer extension for TestRT

Test Report
Report generation in XML , include coverage, mode compare available
Customization easy based on XSLT

Runtime Analysis viewers (Coverage, memory & performance profiling, trace)
Static Analysis viewers (metrics & code review)

Chart&curve Viewer @ # @ W tu i ik 2|0 58 & L

© 2011 IBM Corporation
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TestRT for eclipse IDE Testing ArchitectureL

egacy tools

Eclipse

Test Test Test Stub
Case Harness Suite @ Behavior

TDP Editor

) es
Analysis ReElOrt Launch
JL Configuration
[ GEF] [ EMF] [ CDT [ XSD]

~——
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Visual Test TestCase Editor

Fle Edit Navigate Search Project Run Sample Window Heb

Fepariesait -S40 L2 R LSS ER RS, cRe RS 5| £ TestReame |
& Project Explorer 23 - “ 5|/ decode [N demvatveh | decode £3 . [¢] decodng.c | =8)
- b~ d - — =158
S S5 % decode [ runresult selection = gy
+ i3 decode1 N | coverage
L:Bdouﬂez Available Run: | 3¢ decode 14 sept. 2009 18:26:22 / decode - w] 3raled B ARIC
# 42 myHCO8project () B T wal r = e ——— e
£ restreatrine Progecs 53 = O] —e _ iteration result selection :'
B &(e)s 7| ™ kN OG@ x Dt o
S g8 decoder  |s]| TestCese actvity dagram & Name: | Check
2 G Binari Y ~ ——s
ElCGsr 5 — ¥ % ‘ Checked Variables ¢ wl e ¢ X lLIE,@
= [€) decodng.c 9 Enter initial and expected values for checked varisbles
® # indude <stdio.h> Init, & Stubs NE [ Select Cell to edit it ‘
# - # indude <stdib.h> )
® encrptonkey ) ¥ |_Neme Type © intavave|  intalResit @ ExpectedVehe| ExpectedResdt| ObtanedVae |
@ enciptionkey2 p L . = AElkey signed char™ encriptionKey 1 4280456 No Check 4280456
@ endiptionKey3 =] ! &' retvale nt 1 1 ¢ 5 520
<& decode = =2 W theval val_t {Multiple[3], 0, “AA... {567,0,°SDFGSD"}  {Same asinit, Sync...  { 3, 01234} ¥ (567, 3, 7323
& decodel Code | @ integer long Muitiple[3] 567 = Same as Init & 67
O decodet |y \ : J @’ length nt 0 0 == Synchronized with th... 393
£ [ ] V B hexa char[20] "AsAA" "SDFGSD" ** Synchronized with th... 01234 ¥ 732"
@mm%\ - o < | — X @' integer )
Workspace Log = Check compilation e T Vo Tool tip
ol 3 o o5 Failed 5 b
HE - RXBEZ Ll kS markers - ot i \'teratlon values
v = 2 1023
|type fiter text oy, ¥ 1234567830 — -
IEcomdeiz\ = O |2 problems 33 wrmaum:m[‘:’ﬁ;
Message rstmmtm ‘3ermors, 0 wamings, 0 others 7|
Code Size: 3193 !
Gobd:jects 53, Data Size (RAM): 290, Const Data Sze (ROM): 16 l Desaipion_ 4 Rl
HC08 Compiler: *** 0 error(s), mem(s),Onlvmbonmmge(t) == " = @ Errors (3items)
HC08 Compler: === Processing ok Cross Build © (220) identifier "encripionkey 1" is unde de|
console - © (+20) identfier “val_t"ls undefined  de
Rt buffer e reduced t 256 chars [l @ C:/Program Fles/Rationa/TestRealTme, de
(&) (2])|[£.] u | 2] || 1] ‘ )
Come .
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TestRT - Visual Test Environment - Details

Simple to complex test case
Allows to execute check block conditionaly

Init, & Stubs l

Allows to make unit and integration testing

Used conditions can be variable, block check status, or test status

Test case enables multiple iterations
Init with Multiple allows to use a set of

- random values (between min and Max)

- data Pool values (from spread sheet columns)

- logical serie (from x to y step t)

One execution iteration per

- value in multiple,

- combination of them,

- Data Pool lines

Iteration number can be used into init/expected value expression

- defined values
) LF

Va rlables _ @ Test Application Yariable
Variable types are known, so structures are expended | & creste Tested varisble
Memory can be allocated and affected to pointers easily  alocate range ...

Expected values
Can be a range including/excuding each bound min__| [max
Can use all comparison types (==, >=, <=, |=, >, <)

18

7&3«
>
2
(3

<
Check
2 Failed

Check in loop

<P Passed
e
Tx code

it="

=0
2
=]
last Tx
]
Check
3¢ Failed
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TestR1 - Visual Test Environment - Detalls

( First
Simple to complex test Harness
Allows to execute Test Case block conditionaly
Allows to make unit and integration testing [ Inloop
Allows to insert user code between Test Cases

Used conditions can be variable, Test Case status

e o
Enhanced Stub " o T

19

The Test Harness defines the functions to be Stubbed
If there is no selected behaviour, then NoCall expected is the default behaviour

Stub may have multiple stub behaviours _ '

The Test Case defines the stub behaviour for each stubbed function [ Last ]
Each behaviour can be re-used across multiple Test Cases
If the function is not stubbed the behaviour selection has no effect

Each Stub behaviour may have multiple check definitions @
Each check definition determines for a range of call e
the parameter to check and its comparison types (==, >=, <=, =, >, <, or Range)

the return value OR the user code to execute
The call index (ix_<funcName>) can be used anywhere.

© 2011 IBM Corporation
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@ C/C++ - - Rational Team Concert
File Edit Source Refactor Mavigate Search Project

[ Project Explorer = 0O|([E aray 2

= =5 valid_runtime attay

BRiIB® Y g S8 -G8 ©
Sé' ~

Run Window Help

-0 Q- B iE

= ﬁ Test

1]

Available runs: l

3 array Nov 13 2012 1:18:39 PM

v ] 3 Failed

(@ Application Result
(2 Data Pool

()l Report

Activity

DR 1

Test harness activity diagram:

#-(2 stub
@ L Test Case
#-L8 Test Harness

3]

+- (@ Test Result
02 Test Suite
B Src

= cvisual

3

- &

3¢ Failed

array

= src
(= kst

[ array Mov 13 2012 1:18:39 PM [Failed] |

arrayl

20

|5 build.log L%
[Z] envTestRTce.pl |

L@ makefile

@ objects.mk

L@ sources.mk
(= Qualificationkit

(= reports
- tst

| |

5% outline 52

[ Jx
=@ aray [2]
7 array
[+ @ iteration [1]
® arrayl [2]
'1—'[" arrayl
[+ @ iteration [1]
=® array2 [2]
o7 array2
[+ @ iteration [1]
=] G array3 [2]
'1_'[" array3

[+ @ iteration [1]

m

7 Passed

Details (el | @@‘E‘@ e 0 ;g;

»

Stubs ﬁequiremenfs Header Code

Specify requirements for the test harness: & @

Filter: ‘ ‘ lName or comment V|

Name Comment |
4 REQ_DOORS_123 Link to DOORS tool |

I RFTE|ID-&

* thsimple1 & array Nov 13 2012 1:18:39 PM 52 ==

EBX

® 5 | @ cre+ | 2

iteration

@ Make Ta | =

rray2 ’ ‘

on Errors detected a

< | 3
< | >

X % G GB[E[E] 2 8 r5- =0

[:_ Problems | v Tasks | Bl Console &2 = Properties ‘21 Error Log | |E] Data Dictionary
<terminated:= array [Rational Test RealTime Launch Test Harness] November 13, 2012 1:18 PM R i . . ; . i
cl.exe /ZI /EHsc /RTC1 /nologo -c "C:\PROGRA~1)IBM\TESTRE~1\targets\cvisuald)lib\TP.c” -Fo"C:\temp\workspace\Valid runtime\cvisual\TP.cbj" ! o]
TP.c

Linking C:\temp\workspaceiValid runtime)\cvisualiarray.exe...

link.exe /NOLOGO /DEBUG /MACHINE:IX86 "C:\temwp\workspace\Valid runtime)cvisual\tstiarray.test_harness.obj" "C:\temp\workspace\Valid runtime\cs

Executing C:\temp\workspace\Valid runtime\cvisual\array.exe
Crhiremmiunrksnace\Valid runtime\rvisnaliarrav.exe

3 <No Current Work:>

\

0items selected
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TestRT — RQM Integration

Use the Command Line Interface of Visual Test
« Extension of the existing RQM integration

« Able to run Test Harness and Test Suite as well as studio projects

. Multi-project executions

Import Test Script: Use local test resources

@ ~ c x {(aY -https:Hresrqul.vtp.raleigh.ibm.com}‘]’az

— = Step 2: Select Project path and Test Scripts
2] Most Visited J Custoize Links | | Free Hotmail ﬂ ‘Windows Media |j Windows

IMpPOrung Wi creadie 1estocrpis ndatreference exierndl iestresources. Selectme ype oTesiresource o use:

OUSE test resources from a shared location

~ Project " " "
|j Rational Test RealTime Release Engine... () Adapter Console - Quality Manal| P atL lC:IProgram Files\RationaliTestRealTimelexamples
10 v |ltems per page M Previous | 1-100f 27 | Next »
Name ~ Location

CiProgram Files\RationalTestRealTimelexamples
CiProgram Files\RationaliTestRealTimelexamples
CiProgram Files\RationaliTestRealTimelexamples
C:Program Files\RationaliTestRealTimelexamples

C:Program Files\Rational\TestRealTimelexamples

Type Fiter Text

Type

Rational Test RealTime
Rational Test RealTime
Rational Test RealTime
Rational Test RealTime

Rational Test RealTime

) 88 auality [=] Adapter Console &2 |
—] BaseStation_CiBaseStation_C.rip
MRS (eeore BaseStation_JavalBaseStation_Java.r
aseStation_JavaiBaseStation_Java.
Adapter Console - —Javap
E E BroadcastServerBroadcastServer.itp
Plia?n]ir‘\g . befects I{ ChainedList/ChainedList.rtp I
Group by:| Ungrouped (v CheckFrequencyABWLcheckFreguency.rp
t,// Iterns per page 4 Previous | 1-10f 1| Next »
Construction
] ID Adapter Name Machine Name Adapter Status ~ Health Host Name P
= ‘ type
Mersner 294 TeSIRTON F2T000DBOACEAES $a"t°nal Availabl ©  F2TODODBOACE4ES 9.143.105.69
FITO00DBOACE4ES 2TO0ODBOACE4ES Test wailable 143.105.
. RealTime
o3
—— M Previous | 1-1 011 | Next M
Builds
>
> Adapter delete

Polling
Interval
5sec

© 2011 IBM Corporation



