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Embedded SW Development Pains

= Time to market pressures

= Cost of quality is too high (recalls, penalties,
reputation).

= Design errors found too late in the process
when they are most costly to fix.

= Testing productivity is low.

= Collaboration within large distributed teams
is becoming increasingly difficult.

= |neffective communication across the
systems architecture, software, mechanical,
and electrical disciplines.

= Difficulty managing increasing design
complexity.

= Managing development of multiple products
and product variants.

= Inability to reuse existing IP.
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Solution -- Telelogic Rhapsody

Telelogic Rhapsody® is the industry-leading UML® 2.1 and OMG SysML™-based Model
Driven Development™ (MDD ™) environment for technical, real-time or embedded systems

and software engineering.

= Features

» High level modeling, design level debugging,
automatic production code generation, and
target deployment

» Rational Rose Import.

» Reuse of software assets, whether source
code or model based through code
visualization and reverse engineering.

» Model simulation/validation and host based
testing early in the development lifecycle
improving quality and reducing cost.

» Integrated requirements modeling, traceability
and analysis.

» Integration with leading CM tools including
IBM Rational ClearCase.

» Small and large team collaboration through 3
way model diff&merge.

» Model-Driven Testing increasing testing
productivity

= Award Winning

»

Two Best in Show awards at the Embedded
Systems Conferences from the VDC;

The SD Times 100 in multiple years, taking top
honors in the Modeling category

The Model Driven Development Focus of the
Embedded Development Arena award

The Embedded Award for Software at
Embedded World 2007 for the Rhapsody
AUTOSAR Pack.

Endorsed by Embedded Market Forecasters as
the tool of choice for C developers.




Slide 5

iUl We are now the market leader per the last VDC report.
I-logix Authorized user; 29/04/2008
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Model Driven Development
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UML 2

= Rhapsody is the leading UML 2 compliant solution for embedded systems O

VxMobilePhone Proxy Overview  J |
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SysML

= SysML is a domain customization of UML 2 for systems engineers
» Supports the standard proposal in its latest form (V1.0)

= Support for SysML views
» Requirements: Requirements diagram; Use case diagram

» Structure: Block Definition diagram; Internal Block diagram
» Behavior: Statechart; Activity diagram; Sequence diagram
» Constraints: Parametric diagram

= Uniquely Integrated Requirements and Design modeling environment

- - } afrornHU\fD_oorB)(MLx 7
= More than just modeling... — 0- HybridSUV
H H afromHUVDoorsXMLz
» Simulation of SysML models 1-Eco-Friendiness T Ergonomic e
» System testing for SysML T
fromHUVDoorsXhLs sffomHUVDoarsXML»
1.1 - Emissions 2 - Performance
G s T afromHUVDoorsXMLz afromHUVDoorsKML=
i 4.3 - PassengerCapacity 4.1 - CargoCapacity
afromHUVD oors ML= afromHUVD oorsXML=
ano;? L_J\grgoﬁ::;u 2.4 - Acceleration 4.2 - FuelCapacity

afromHUYDoorsXML= afromHUVD oorsxXML=
2.3 - OffRoadCapability 2.2 - FuelEconomy
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Requirements Modelling

= Requirements Capture Edﬁﬁ;u"nk
= Requirements Traceability E}E’“ﬁ”‘“;m
» Create traceability links from model to requirements FrameMaker
» Automatic traceability documentation E?E‘Z?“k
= Requirements Analysis ?SI.T;?JFE F
» Requirement Coverage Analysis 1;::
» Change Impact analysis ] Word
» Automatic report generation ELT;&;“{:QH

] (W] FightCortrolSystemRequiremerts | I CaliberRM

[.] Flight Infarmation SystemRequirements

[:ﬂ Flight Management ]

%.HequisiteF'm
—HIIUML

Il

[@ Flight Information SubSystem ] @ Flight Control SubSystem ]

i

S
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Requirements Capture and Trace

L:_|Et| FlightControlSystemRequirements
-2 Object Model Diagrams
=¥ Requirements
-+ «fromDOORS» Flight Control
=¥ Requirements
=¥ «fromDOORS» Contraller

| E-Ed Requirements
«fromDOCRS= Altitude error contribution
«fromDOORS* Speed error contribution
: «fromDOORS: Throttle command

[ «fromDOORS: Elevator command
EIE’! «fromDOORS» Alarm manager
=B Reguirements
«fromDOORS» Altitude alan
«fromDOCRS= Speed al
E’! «fromDOORS= Alarm
EIEJ FlightInformationSystemRequirenfents

B «fromDOORS: Display Altitude
«fromDOORS{: Display different pages of informatic
=¥ Requirements

Requirement : Alarm in Alarm manager

General IDescﬁptinnl Helatiunsl Taos I Properties I

Mame: I.Narrn

Stersotype: IfmmDDDHS

<)
-

Type: | Requirement
ID: |19

Defined in: I.'—Jam1 manager
Specification:

Alam is tiggered by an Altitude or Speed Alam.

Flight Control Overview J

afromDOORSs
Alarm

D=19

Alarm is triggered by an Altitude or
Speed Alarm.

%

altSensor:double

speedSensor:double

speedSetPoint:double

altSetPoint:double

«fromDOORS»
Controller

D=2

The controller regulates the speed
and altitude of the plane. It
calculates the throttle command
and the elevator angle using the
pilot settings and the measures
performed by the sensors.

«satisfy»

S ———— 1

|
|
|
% |
|
|
|

FlightController
2 alarm:bool
= -
=
throttleCmd:double
o
| — |
elevatorCmd:double
B
]
| fightData| IFlightData

«fromDOORS»
Throttle command

D=12

The value of the throttle command is
the corrected altitude error contribution
minus the corrected speed error
contribution, within range [0..1]

| «satisfy»

«fromDOORS»
Elevator command

D=13

The value of the elevator command is the
corrected altitude error contribution plus
the corrected speed error contribution,
within range [-1.556..1.558]
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Requirements Coverage Analysis

(D) Telelogic Rhapsody Gatew V71_RiCpp_FlightControl_And_Information_System

Fil= Edt Wiew Took Reports Help
NE @ WT@| O |t @ %R B | %[ <] e i %
Management View oj Coverage Anslysis View |aﬁlmpad Analysis View | 3} Graphical View | E55] Requirement Detaik |
Upstream Coverage Information:  Selection: Downstream Coverage Information:
=Rule check [E{RUML Model Rhapsody 76%
|':L|-Unmuered requirement E-D V71_RiCpp_FlightConirol_And_information_ Sy=tem
”‘J{‘.orrec‘tion gain E-DFadmges
Eﬂﬂomﬁhmn centering =+ FrightGentrol SystemPig
= JpI 28 cizszes
EHRIUML Model Rhapsody B rlightcontroiGui
BHI V7 1_RiCpp_FlightControl_And_infamation_Syztem B0 FlowFaris
= l] FlightinformationSystemRequirements DOORS L—Qatam
[t ¥ Display fiight information B Fiigntcontroiier
=+ ] FlightControl SystemRequirements DOORS ] | Statechant
Er JFiight Control L] EHZ) ststes
%) Controller ] L Jatamed
%) ttitude ermor contribution L] M Attributes
= gSpead emror contribution ! - E &iam
La ]z ] -0 FlowForiz
gThro‘rtle command L-Elaiamr
"jEIevamnr command
ﬂklarm manager
Tests and Reference Attributes |Aﬁ|—51,|_lm |Mm95 |
— Upstream — Selection — Downstream
Text: Text: Text:
Alarm is triggered by an Altitude or Speed
Alarm.
Reference Atributes: Reference Attributes:

| FlightControlSystemRequirements  DOORS/Flight ControlfAlarm manager/Alarm
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DFT : Executable Models on Host & Target

{74 Rhapsody in C++ by Telelogic - V71_RiCpp_PrioritizedList. rpy

File Edit Yew Code Layout Tools  Window Help

peaieasiae o wnm x| ) QEOEAR o |06 0 %06 2|

”H &mb‘ I & «am ¢ 5% J]L@ ™ ! 0! % |Proizedlis =] [Microsoft_Debug = ”|{E.} 3
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s}y
Entire Model View ~ | + & ‘

=-8 CommandDawn -

Hyperlinks running @4
Instances
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T SuperClasses

tm(=00}
[(rand(}%2)==0]

=B commandLeft

eviirits to its\Writer

[+ SuperClasses
Q_ CommandRight
Hyperlinks

evRead to itsReader

+ a Operations
[ SuperClasses
=8 commandup

Features of Builder[0]

Inztance Mame: IBuiIder[U]
Attributes:

PeOXE+t00 - 000|607

Mame | Walue | Type
count 1]

[ SuperClasses

[]--D Collaboration Diagrams

I:I"-\ Events

=B Interfaces
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: Hyperlinks
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Relations:

itzCommandList
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DFT : Rapid HTML Gui's

e

http:/flocalhost: 90/ - Windows Internet Explorer

% M |E hitp:{flocalhost:90/ v||£| |£‘ |G:-

Fil: Edt Wiew ©ode Layout Tock ‘Window Help

{3 Rhapsody in C++ by Telelogic - V71_RiCpp_BluetoothHeadset.rpy

»

i Links E tgt E Local Host Google FJF Telelogic E iMNation E I-Logix

PeEieayER oo MaD x| [RQREOBER 2|0 H#0% 08 2|

-

3

"Il RELL I )

HL& @ ! ! 9 [HeadsetAndMobilePhoneVithGui - ||VisualCpp_Debug

Bl

|

-
,
.

% & [ @mimanx [+ |1 BB &- I

"B @ T I A

V71_RiCpp_BluetoothHeadset
@

'CI Builder[0]

Entire Model View — ~

&ﬂ

Builder[0]

Sll= 8 3| W E

E--fd ¥71_RiCpp_BluetoothHeadset

{2 Component Diagrams
[=-{Z] Components
#-§7] HeadsetAndMobilePhoneWithGui

,E Test

Hyperlinks

-8 Presentation

g http:fflocalhost: 30Mokia6 210 htm

g http:fflocalhost:92Mokias 210 . htm =|
g http:/flocalhost: 20 BluetoothHeadset.h
{27 Object Model Diagrams

=-{Z3 Packages

- B AnalysisPkg

@ PresentationPkg

& InterfacePkg

+- [ MobilePhanePkg

EI@ HeadsetPkg

B classes

*y) Dependencies

\ Events

: \ «4eb Managed» evPress()
\ evlongPress()

- \ +4eb Managed* evRelease()
\ evShortPress()

- \ evFlash{int aCount,int aFrequer
- evOn()

\ evOoff])

- % sileh Mananeds evInCﬁ]
I

Bluetooth Headset Nokia 6210

H\I_BEI% > OA |5&Agenq.«FE e - B |

B statechart of : Button - Builder[0]->itsHeadset->itsButton

|
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DFT : Model Based Testing

= UML 2 Testing Profile

Elﬁ TestingProfile (REF)
=-{{] Packages
B % UML20TP (RO)
. =23 Packages
E% TestBehavior (RO)
. [-«5» Stereotypes
-.«5» TestCase (RQ)
: 53 TestObjective (RO)
% TestArchitecture (RO)
—-«5% Stereotypes
-5 TestContext (RO)
-«5» TestComponent (RO)
5% SUT (RO)
-«5% TestConfiguration (RO)
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DFT : Model Based Testing

= Create a Test Architecture o
» Manually
» Automatic

Radio

4 itsWaveband:Waveband

itsCurrentVWaveband 1

1 jtsFrequency-Frequency

O
IE' xInterfacex
1 IDisplay
itsDisplay
- -,a:spyu-~~--—z—vv_f" e
Copy With Model slnterfaces
[Tuner

Tl
Lt

aTesRlonieits
TCon_Radio

1 «T TestComponents
itsTC for itsTunerTC for itsTuners

«SUTe B,
itsRadic:Radis

1 « TestComponentinstance TestComponents
itsTC for itsDisplay: TC for itsDisplay

«TesiComponentintance TestComponents
itsTC for itsUser: TC for itsUser

Remowe from View

Delete from Model

Mzks Default...
Locate

Expand to fit text

Create TestArchitecture

Telelogic Rhapsody Gateway
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DFT : Model Based Testing

] SD_Check_Tune_Automatically_Down ) aTestScanarios.
«TestComponentinstances wSUT» wlestComponentinetances wlestComponentinstances
TCon_Radio.itsTC_for_itzU TCon_Radio.itzRa TCon_Radio.itsTC_for_itzTu TCon_Radio.itzTC_for_itzDi
serTC_for_tzlU=ser dio:Radio ner:TC_for_itsTuner splay: TC_for_itzDisplay
I T I
- tune automatically Hown 2 steps [ [
| evSearchid=1}) | |
} r—\——\—\_% O=i=StrongSignal() |
| I bl
} | |tune(value = freq1) |
L

X shnwFrmuBncy(aFra]uenll:y = freq1)

| O=izStrongSignal(} ___l

= Create Test Cases | T

fo

The first search islnvnt succesful

| -

= Via Sequence Diagrams L S
[

1
-l
]

|

| | shnwFra]uency(aFra]uen]:_lFfraﬂ}
| | |

| | |

| | |

| | |

I

|

|

|

|

|

"

|

|

. | | |
» Test Cases can be written: |  showFrequency(aFrequenty=ireq2) =i
|

|

|

|

|

|

|
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DFT : Model Based Testing

]
]
4
4
]
4

= Manually via code

Test Case : CDOWhiteBox_006a in TCon_Radio

Eenerall Description  Implementation |Arguments| Hﬂlaﬁunsl Tags I Pmperti&al

|void CDWhite Bax_006a()

int £:

int freg;

int testMum = 1;
char testMHame[50]:;

A4 Test LW 144KHz to ZB1KHz step 1KH=

itsRadio.nextWawveband () ;
for | freg=144; freg<=281; fregs=1 ) {

RTC ASSERT MAMFE (cestNHame, (f==freq)):
testHum++;

H

RTC ASSERT NAME (testName, (£==144) ):

I I

Locate 1].4 Apply

sprintf (| testNHame, "CLOWhiteBox 001a %0
f = itsRadio.getltsCurrentWaveband (}->g

itsRadio.getlctsCurrentWaveband () ->getIt

f = itsRadio.getlctsCurrentWaveband () ->getIt
sprintf (| testMHame, "CDWhiteBox 001a %03d4",

i
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DFT : Model Based Testing

SD_Check_Timeout_ When_Saving Memory  «TesjScenarios
] «TestComponent» «TestComponent» «TestComponent»
ENV TCon_Radio.it TCon_Radio.itsTC TCon_Radio.itsT TCon_Radio.itsTC_f
sRadio:Radio _for_itsDisplay:TC C_for_itsUser:TC or_itsTuner:TC_for_
_for_itsDisplay _for_itsUser itsTuner
% [ blankAll() _l | |
. 7 | g evonofi | |
Z [blankAll() | | |
Z showWaveband(a_Elmd = 3) | |
} Z ! tune(value = 8]’5{)@I ! _!
Z 'L/ ! eviMemory() ! 'i
> Z lr\showMenmry(bMemory =1) '
Z >8000ms - | |
2 | | | |
g_ | | | |
% | showMemory(bMe_rnory =0) | |
Z | tune(value = 8?505] | |
| % -
Z | | | |
7 | | | |
4 Z | | | |
Z | | | |
|
|

= Automatically via the (ATG)
Automatic Test Generator
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DFT : Model Based Testing

Name Description Result
u SDWhiteBox_001 Check that the Radio can be switched on and off Passed
SDWhiteBox_002a | Check that when the radio is switched on, that it remembers the Passed
waveband and frequency that had previously been selected.
SDWhiteBox_002b | Check that when the radio is switched on, that it remembers the Failed
waveband and frequency that had previously been selected.
For this test ensure that the radio is timed to a different frequency than
the default one.
| SDWhiteBox_003 Check that the radio can be tuned forwards and backwards Passed
SDWhiteBox_004 Check that if the user starts to setup a preset that if thev don't complete Passed
the setup then after 8 seconds the setup is cancelled.
} This test uses a test scenario that was generated by the ATG.
CDWhiteBox_006a | Check that the radio cannot be tuned to a frequency outside of the limits | Passed
for LW waveband.
} CDWhiteBox_006b | Check that the radio cannot be tuned to a frequency outside of the limits | Passed
for MW waveband.
CDWhiteBox_006c | Check that the radio cannot be tuned to a frequency outside of the limits | Passed
for SW waveband.
CDWhiteBox_006d | Check that the radio cannot be tuned to a frequency outside of the limits | Passed
for FM waveband.
FCWhiteBox_007 Check that each preset can be set to the minimum and maximum Passed

frequency for each waveband. Check that these presets are remembered
even after the radio has been switched off and then back on.

= Execute Test Cases
» The Test Cases can be executed automatically

TE ST SDWhiteB ox_002E, Instance switch on FM Radio again, Iteration 1

«TeztCompeonentingtances a3UTe «TestCompenentinstances  «TestComponentinztances
TCon_Radio.t=sTC_ib TCon_Radio.it TCon_Radio. t=TC_f TCoen_Radio.itsTC
r_itzUzerTC_for_itzU =2Radic: Radic or_t=Tuner TC_for_i _br_itzDizplay:TC

=er teTuner _for_iteDizplay
e0n0 fii) | | |

| |shuvMa-.ehand(aEI and=13)

| | tunefvalue=327500): O peratiun_[lall - In Paramter values do n |Jt match.

| tunefvalue=233000)

ol

»l

I shwd—'reqmncy(aquuency;éhDﬂﬂ}

P
-—|
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Full Application Code Generation

Rhapsody leverages all structural and behavioral model views to produce an
executable application

+ Structure models

- State charts: event driven behavior

+ Activity graphs: algorithms and process flows

+ Components and artifacts

Rhapsody generates very clean, readable code, easily debugged through
any commercial IDE

 Integrated “white-box” Code (C, C++, Java, Ada, IDL) generation

+ MISRA C compliant code generation

+ High productivity; low cost of maintenance

Rhapsody generates all application construction artifacts to provide an
integrated build environment

Comprehensive code generation technologies
+ OO based and / or functional based

- Stereotype based

* Rules based : Rules Composer / Rules Player
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Dynamic Model Code Associativity

= Change one view, the others change automatically

= Code and Model always in sync

& Java - AlarmManager.java - Eclipse SDK

{{# Rhapsody in J by Telelogic - [Object Model Diagram: Alarm Overview in com::telelogic::alarmSystem *]

File Edit Source Refactor Mavigate Search  Project Run Window  Help

iC-E & PR
- i
¥ package... 2 =0

2 B~

El=ERRg R CRel

o8|

----- {5 Eclipse_Ril_Electronic, =
..... ﬁ Eclipse_Ril_Stopwatch
----- 157 FormatUseCaseHelper
----- {57 IDL_Generstion_Helpe
EJ"'&J JavaTest
EE} aed jar - D:\Rhaps
E!i] anim.jar - D:\Rha
EE} animcom.jar - Di
EE} adInstMack jar - —
-H (defautt package)
Bw com.telelogic.zlarr
(= ), JRE System Librar
B rtjar - Co\Pre
) jsejar- C:B
Hf) jesjer- AP
EE} dnsns.jar - C:
[ QTlsvazip -1
@E} sunjoe_provic
EE} sunpkesll.jar
..... J——

..... r:Ej files.lst
| | 5|

-0 5 & sava | %5 Debug >

57.1 Java Browsing

U EHFEG-IBY

=0
~8

B alarmManager java X

//#% package com::telelogic::alarmSysten

S
This is a simple AlarmManager class
=/

//#% class RlarmManager
public class RlarmManager {

// Constructors
//#% auto generated

=) public AlarmManager() {
}

H

J,-'\x\xw\xw\x\xw\x\xww\x\xw\x\x\x\xw\x\xw\x\xw\xxwxxwxw*xw*xxwwxwwwxxwxs

File Path : D:/Eclipse/JavaTest/com/telelogicy

B L e )

4 i I |
Debug|='E|
4 &-

Probl... |Javadoc| Dedar... |Search (E Console &3 Prope... |Java

No consoles to display at this time.

D<>

Wiritable Smart Insert | 14:1

5? File Edit Yiew Code Layout Tools iindow Help

DER$R2BC /B2 2 Mk

B x QRQBTE B -8 @8 o e

]

5O !

b ITest

n,
~,
~

lea\raTest

dmepr N\ mEBEB

BiE < [ 1D # ML [= &

Entire Model View " + + ‘

Slep@| Mz | NLANOLeOAR

[w 1

= JavaTest
D Components

- java

-4 javax

=23 Profiles
@ JavaProfile

)

[+

EE telelogic
=] Packages
= alarmsystem

=B Classes

‘B alarmManager

[=-{Z Object Model Diagrams
i ﬁ_ﬂj Alarm Overview

AlarmManager

B FeTrRe s PEDAlY

ﬂﬂlarm Overvi...

0 Error(s),

0 Werning(s), 0

Code Generation Done

Message (s) I

F AT, Buils £ Creckmecsl 3, G

J Arimation ), Smsrch Reie §

‘Attempt to establich connection with IDE was successful.

GEmoDE | || [riamarzor s em
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Real-Time Framework

Rhapsody provides an executable real-time framework

Framework is delivered as a Rhapsody model

Provides a clear understanding of structure and functionality, enabling fine tuning
Model includes all requirements and design rationale so it’s easily understood
Validation suite can be made available through Professional Services
Facilitates scaling down for smaller footprint applications

Pick and choose only the necessary components

4
4
4

4
4

Facilitates certification of the framework

»

Customize components

ex: DO-178B.

¥ peveery | 4
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ARINC — 653 Framework

= Use APEX API

= Framework Certification Package includes:
» Framework and Utilities
» Modelling Guidelines
» Services Deployment Package
» Certification Artifacts and Documents

= Certification package was completed by Verocel in April 2007 for
RiC framework
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Certification Package Artifacts and Documents

3 OXF

El"ﬂ Requirements

@ Development Requirements Traceability
@ Implementation Requirements Traceability
EJ"d Source Files

 [8 Traceability

@ PC-Lint Results

E]‘-d Design Components

@ Traceability by Source Code

@ Traceability by Function

El’ﬁ Test Procedures/Results/Reviews

| E]’-ﬂ Functional Testing

 [8] Traceability

: “|8] Review Functional Test
@ Summary Functional Test

E]’ﬁ Coverage Analysis
“[8] Traceability
=43 Control Coupling Results
[8) OXF Map Check
9 oxF
@ OXF Control Coupling Analysis

'D Documentation

2 OXF

'CI Requirements

C] Source Files

#{J Design Components
C:I Test Procedures/Results/Reviews
E“3 Documentation

[
£

FEEEEE

olclololciciciolclolo:

E‘*ﬁ Process Plans and Standards

Software Configuration Management Plan
Software Development Plan

Software Design Standard

Software Plan Addendum

Software Quality Assurance Plan
Software Requirements Standard

Software Verification Plan

43 OXF Project Documents

Project Profile

Tool Accomplishment Summary

Tool Qualification Plan

Tool Test Plan

Software Design Document

Software Requirement Specification

High-Level to Low-Level Traceability Document
Software Life Cycle Environment Configuration Index
Software Configuration Index

SCI Tables

Requirements Traceability Document

"1 OXF White Papers
H{_] Customer Documents

#( Tool Qualification
#( SQA Audits
#1 Problem Reports
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Concurrent Design Collaboration

= Small and Large Scale Development
= Tight integration with configuration management
= Three way Visual Differencing and Merging

'A% 8 rignt - Object rodel Disgram: Cruise Control System in CruiseControlDemoV2::CruiseControlPke (Read Only)
Truise Conbrol System 21V [Eriie= Contrel Sptem
CruiseControlSystem CruiseControlSystem
pDriver o
—
iCruiseGontro]  iCruiseControl

va:VehicisDynamics
sctusiSpeedireal_T

adusiSpesdieal_T| sISpesdiesl_T]

messuredSpeedireal T messursdSpesdizal_T

seControlPkg (Read Only)

sctusispesaireal T

usiSpasdizal_T]

messuredSpesdreal_T




Reuse of IP : Import Legacy “C” code
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EIE| BluetoothPkg
#-B Classes
- % Events

-4 cups

£

Hyperlinks
(L3 Object Model Diagrams

- test
-4 toals
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