3]
T
-
[y

Gianluca Monticone [[oon]
Introduzione al Model Based System Development

System Engineering:
Smart Products



||||||||
!

Agenda
* Model Based System Development
* UML/SysML

* IBM Rational Rhapsody

oystem Engineering: Smart Products

Jesi, 8 Luglio 2010



[
»

oystem Engineering: Smart Products

Evolution of Systems Development

* Business environment changes
— Device is just on CFar’[ of a larger

solution (e.g., iPod, Tivo,
Blackberry)
Awareness of role in broader
solution

* Working closely with customers
and partners

* Technology changes

— Complex mixture of technologies
* Need both device-optimized and
enterprise-scale technologies
— Integration and interoperability are
mandatory
* Increasing standardization (e.g.,
XML)

— Increased role of “Systems”
modeling (e.g., SysML, SOA,
BPM)
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Modeling: The Key to Managing Complexity

* Manage Complexity
— Ability to abstract detail, drill down for details Maybe you
* Improve communications have to
— Between internal stakeholders/teams
— With customers
* Reduced ambiguity and errors
— Formal languages like SysML and UML offer precise
notation
* Models can seed detailed design and implementation
* Models can be simulated, documents can not.

Well, maybe
you shouldn’t’
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System Engineering: Smart Products

Modern Approaches for Describing Systems Are Evolving
To Better Manage Complexity and Reduce Time-to-market

Past Present/Future
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We Have I\/Iet the Enemy and He Is PowerPoint*
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A PowerPoint diagram meant to portray the complexity of American strategy in Afghanistan.

* Gen.
Stanley AsMcChrystal
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UML — The Language of Model-Driven
Development

* Model-driven development is aided by a
common /language across all stakeholders

— Unified Modeling Language (UML) is the standard
language for visualizing, specifying, constructing, and
documenting the artifacts of a software-intensive system

— UML allows software architects, designers and
developers to specify, visualize, construct, and

document all aspects of a software system
UNIFIED o

MODELING
LANGUAGE

™
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SysML

* A graphical modelling language in response to the UML for Systems
Engineering RFP developed by the OMG, INCOSE, and AP233

— a UML Profile that represents a subset of UML 2 with extensions

* Supports the specification, analysis, design, verification, and validation
of systems that include hardware, software, data, personnel,
procedures, and facilities

¢ g&

* Supports model and data interchange via XMl srsrﬂs
MODELING .
LANGUAGE p

SysML is Critical Enabler for Model Driven SE
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Relationship Between SysML and UML

UML SysML
reused by extensions

to UML

SysML (SysML

UML (UML4SysML) Profile)
not required

by SysML
(UML -

UML4SysML)
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SysML Diagram Taxonomy

)

SysML Diagram

g

Behavior

Requirement
Diagram

Diagram

Structure
Diagram

&

Q

Block Definition
Diagram

Internal Block
Diagram

Package
Diagram

Parametric
Diagram

Activity
Diagram

Use Case
Diagram

Sequence
Diagram

State Machine
Diagram

[ ] Modified from UML 2
:I - % New diagram type

Jesi, 8 Luglio 2010



||I|||||
!

Agenda
* Model Based System Development
* UML/SysML

* IBM Rational Rhapsody

oystem Engineering: Smart Products

Jesi, 8 Luglio 2010



System Engineering: Smart Products

IBM Rational Rhapsody
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UML 2 L-

*Rhapsody is the leading UML 2 compliant solution for embedded systems
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VxMobilePhone Proxy Overview )

glnterface»
IReceiver 1

Sy .
[ receive(aMsg:char*):void [EREEEar

«Active»
rxMessageChannel
VxMobilePhoneProxy =) & receiveHandler(sockfd:i...
. s rxMessageChannel(aCh...
IMobilePhoneHegdset 1] E execute():OMReactive*
itsRxMessageChannel
Bl
blue
IHeadsetMobileFhone
txMessageChannel =
T & transmit(aMsg:char*):void
1+ % txMessageChannel(aCh...

itsTxMessageChannel
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* 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 R
— Structure: Block Definition diagram; Internal Block diagram ﬁj:a:g&%% i
— Behavior: Statechart; Activity diagram; Sequence diagram
— Constraints: Parametric diagram
* Uniquely Integrated Requirements and Design modeling environment
* More than just modeling... el
— Simulation of SysML models oo
— System testing for SysML “‘ﬁg‘ggui%‘::‘s‘m”ﬁs i o
e || 2 petomance f
T Ci 43 PassengerGapacty | | | 41 CargoCapacty
o DooriuLs 24 Accoraiion | | 42 FuelGapacty
23 ORoadGapabiity | | 22 FuelEconomy
44 -adaaa ©
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* Requirements Capture
* Requirements Traceability
— Create traceability links from model to requirements
— Automatic traceability documentation
* Requirements Analysis
— Requirement Coverage Analysis
— Change Impact analysis
— Automatic report generation

[.] FlightControl System Requirements ]

[:.] Flight Infarmation SystemRequirements ]

[@ Flight Managemert :]

oystem Engineering: Smart Products

Requirements Modelling

EH JJdesign

BEJ Multi Word
R Jrequirement tools

%. Requisite Pro
EHCIUML

*lfi Rhapsody SysML

*_l'ﬂ Rhapsody DoDAF

*l'ﬂ Fhapsody AUTOSAR
|R)Rhapsody FunctionalC

Jesi, 8 Luglio 2010



= E FlightControlSystemRequirements
+-[_] Ohject Model Diagrams
=B} Requirements
=@ «fromDOORS» Flight Control
=B} Requirements
=@ «fromDOORS» Controller
=B} Requirements
-

B «fromDOORS: Altitude error contribution
+ B «fromDOORS* Speed error contribution

E «fromDOORS: Throttle command
[ «fromDOORS: Elevator command
—-[@ «fromDOORS» Alarm manager

-I-E¥ Requirements
¥ «fromDOORS: Altitude alar
[} «fromDOORS» Speed g altSensor:double
B = : s
= FlightInformationSystemRequi ts
E_I E_.I.g Relui;:n‘:eﬁnm yEETREAHTEE speedSensordouble
=3 =
= B «fromDOORS* Display fght information
=B} Requirements -
B sfromDOORS Display Speed Fersliallodilos =
B «fromDOORS: Display Altitude
=-E «fromDOCRS} Display different pages of informatic altSetPoint:double
=B} Requirements ]
Requirement : Alarm in Alzrm manager
«fromDO0ORSs
General l Description ] Relations ] Tags ] Properties ] Controller |
Mame: |Alzm D=2 | «satisfy»

Stersotype: | fromDOORS

Type: | Requirement
ID: IE]

Defined in: |
Specification:

Alam is tiggered by an Alttude or Speed Alam.

oystem Engineering: Smart Products

Requirements Capture and Trace

Flight Control Overview J

«fromDOORS
Alarm

ID=19

Alarm is triggered by an Altitude or
Speed Alarm.

«satisfy»

S~ 1

FlightController

«fromDOORSs
Throttle command

ID=12

| The value of the throttle command is
| the corrected altitude error contribution

e minus the corrected speed error
contribution, within range [0..1]
alarm:bool
B A
throttleCmd:double | «satisfy»
e —— .
elevatorCmd:double
2 .
| «satisfy»
N
«fromDOORSs

The controller regulates the speed <_ SR |
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.

L

| flightDataLI" IFlightData

Elevator command

ID=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

apsody Ga 3 D d [
File Edit View Tocok Reports Help
= : = > T : o ] )
0O of [ RO o [[5)=8?0=a  @(% & B | 32 | [ino fiten -1 )
ng Management View "J-J]CB‘-'E“‘QE Anahysis View l"a".gllmpact Anahysis View j_"j_:Graphical View ]E Requirement Details I
Upstream Coverage Information:  Selection: Diownstream Coverage Information:
~HRule check ' ERIUML Model Rhapsody 76%
|'£|-Ur:>m-er—:~: requirement EHj VWii_RiCpp_FlightControl_And_information_Syetem

| Comection gain EI—D Packages

& ] Contribution oentering EHEY FiightControl SystemPicg

0;';JF‘I EI-Q Clszzes

[BUML Model

"SJ Display flight information

=% JFiight Control

yCDrtrallar

Lo =
';';]TI' rottle command

yAlalrr managsr
y.!«llin.-:e alarm
"SJSpee: slzrm

';";.J Elevator command

Rhapsody
D VFi_RiCpp_FiightControl_And_information_ Sy=fem
= .] FlightinformationSystemRequirements DOORS

= '] FlightControl SystemRequirements DOORS

?)Allitl.-:e ermor oontribution
= "SJSpee: error contribution

e e e e e

B FiightControtGui
=0 FlowFortz
L0 sizm
B riightControtier
‘S| Statechart

EHjISrafes
LDAn'amed

M avtributes
L E alam
=0 FlowForiz
L0 sizm

Texts and Reference Attributes l,qﬂﬁbutﬁ l Massages ]

Upstream
Texd:

Selection
Tead:

Downstream
Texd:

Reference Attributes:

Alarm is triggered by an Altitude or Speed
Alarm.

Reference Attributes:

FlightCantralSystemRequiremants  DOORS/Flight Contrelf Alzarm manager/Alarm
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DFT : Executable Models on Host & Target

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

File Edit Wiew Code Layout Tools iindow  Help

p=sdseesseoc|ami x| [|aaBoBEF 1|2 (@00 % 08| 2|
T CINEEEYEE Y T B e e <[ Vicrosoft_Debug dmles |~
[ @ TR & S| 0| E e - = | :

Entire Model View " + + ‘ 2
[~ ]
sz simertaces ACTuE: running El

aintertaces
Suilider H Feader ‘ Commandi] T CommandLis: oomrruuﬂnoH irer
m

|

Elg CommandDown
: Hyperlinks
[ Instances
E Operations
‘? SuperClasses
-8 commandLeft
-] Hyperiinks
1@] Instances

+ a Operations
-4 SuperClasses
=-8 commandright
Hyperlinks

ommand

=, counts++;

tm(500)
[(rand()%2}==0]

evilrite to itsWriter

evRead to itzReader

Instances
& Operations Features of Builder[0]
[+ SuperClasses
=8 commandup Instance Mame: IBuiIder[D]
Hyperiinks = Attributes:
Instances
- Operations Mame | Value | Type

count 0

[ SuperClasses
[#-{Z] Collaboration Diagrams
[]---\ Events
=B interfaces
Eg Command
- Attributes d
Hyperlinks

ICOR+:00+-000|0/ /07

_'l;l Relations:

[+ Operations itsCommandList itsCammandList
[#-{Z] Object Model Diagrams ] e Thd = itzR eader
K L - % | Builder - Bul.. [-] Animated N...| by
x| x| x| i
AT B Executable iz Idle
E] |
1] I I | &) i | ]| Locate | (1].4 | Apply | |
D S Eviak Guede LTl oie § oo b Cogustion Mornmgemert. fBRREOR 7
For Help, press F1 GE MODE Thu, 1, Mar 2007 [6:21 PM
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DFT

f":'-' http:/flocalhost: 90/ - Windows Internet Explorer

oystem Engineering: Smart Products

- Rapid HTML Gui’s

{;} Rhapsody in C++ by Telelogic - V71_RiCpp_BluetoothHeadset.rpy

% |E| http:localhost:80/ v“f"ul;‘ | File Edit Wew <ode Layout Tocls window Help
- 1fflocalhost: | Go
—_ = N o s o = 'I =
ilinks @] tgt ] LocalHost |G| Google #F Telelogic @] Notion & I-Logix <y ”DDHH’E§|§?|QQ|M“ME|X||HQQ@J@E&M |@|Hﬂﬂﬂﬂﬁﬂ‘ﬁg|
1} o = ml— — @ @ » ”H n- | 3 v 0 ¥ = / -+ 'a_. Hlagal @ LA IHeadseﬁ\ndMobiIePhoneWﬂhGuw Jl\ﬁsualep_Debug d ” | o} B[ ”
ool :/flocalh... »] l : T B =
I PG MHLE2=o0B I [[NLANOLeOAR |[2homm 0 s 8|
. L V71_RiCpp_BluetoothHeadset Y| B statechart of : Button - Builder{0]->itsHeadset-sitsButton
B Builder[0] : = | | o
Buider[0] @ Entire Model View + 4 )
=g ¥71_RICop_BluetoothHeadset - evPress
D Component Diagrams o
[=-{Z3] Components
-
i3}
Presentation . Eulidleres )
http:fflocalhost:90Mokiag 210 htm . EHicdssts CENiey Shoriess),
g http:/flocalhost:92/Mokias210.htm = .
g http:/flocalhost: 90 BluetoothHeadset.h tm30003
[].D Object Model Diagrams * teHeadset-=GEN(evLongPress);
EID Packages &
F5 AnalysisPkg
@
£
EIE] HeadsetPkg m i
[#-B Classes ﬁ
@ g sLsc GENGVEIRSAT, 100
[#]-*y Dependencies *y ] kil
£ %, Events
\ <«4\eb Managed» evPress() = s _ed BEN=VO);
\ evLongPress() p———y
\ «eb Managed» evRelease()
% evShortPress() r;.m%:nzft‘::run:nwm
\ evFlash(int aCount,int aFrequer km’-"
Bluetooth Headset Nokia 6210 -\ «lieh Managed> evincl) pe ‘4| Headse - B...| |Buton - Buil.
2] I | @i
| k| k|
Al ] |
| L)
Call Stack Event Queue AN E R — B Animation [ Sesrch Rmsuls J
| %3 Localintranet | ® 100% - A [[For Help, press F1 GE MODE Fri. 2. Mar 2007 [11:35 Al )
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DFT : Model Based Testing

UML 2 Testing Profile

Create a Test Architecture
— Manually
— Automatic

Create Test Cases

— Test Cases can be written:
* Via Sequence Diagrams
* Manually via code
* Automatically via the (ATG)

Execute Test Cases

— The Test Cases can be executed

automatically

Name Description Result

SDWhiteBox_001 Check that the Radio can be switched on and off Passed

SDWhiteBox_002a Check that when the radic is switched on, that it remembers the Passed
waveband and frequency that had previously been selected.

SDWhiteBox_002b Check that when the radic 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 they 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 uned to a frequency outside of the limits | Passed
for LW waveband.

CDWhiteBox_006b | Check that the radio cannot be uned to a frequency outside of the limits | Passed
for MW waveband.

CDWhiteBox_006c | Check that the radio cannot be uned 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.

TE ST SDWWhiteB ox_002b, Instance switch on FM Radio again, Ilteration 1

«TeztComponsntinztances «SUTs sTeztComponentingtances  «TestCompenentinztance:

TCon_Radio.itsTC_& TCon_Radio.it TCon_Radio.itsTC_f TCon_Radio.itsTC
r_itzsUzer TC_for_itzl =Radio: Radio or_teTuner TC_for_i _br_itzDizplay:TC
ser tzTuner _for_tt=Dizplay

evOno i} | |

|
| |5hU\.'-'J"."E\-"EbEI1E|(EBEI‘Id=3} | __|
| [ tunenalue=87500): Operation_Jall - In Param eter values IZIU—nlJt match.
|
|

[ tunefalus=B3000) 5
' shm-.Frequency(aFraquencF—BEDDD}

P

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 = [[LIfI & f# Rhapsody in J by Telelogic - [Object Model Diagram: Alarm Overview in com::telelogic::alarmSystem *]

File Edit Source Refactor Mavigate Search  Project Rum Window  Help Eﬁ File Edit Wiew Code Layout Tools Window Help
ir‘j- = u % Q-D Q-  BHG- @ 5§ ma |$50es | |y @g|g,\g@|§@|-‘> |ME&EI|><H]QQ@Egmlgu]ﬂﬂﬂﬂg
() | ﬁ| 2l ) 15 Java Browsing J N J |

[ pecare i B -
p@ | e Al |Egree mrursas @iz [NLaOL coAR|[am I
B

[ ITest lea\raTest

2 <‘)==»=>v - 2 | =}

// %% package com::telelogic::alarmSystem —
----- &7 AddHyperiinks &l k
----- 17 AddMatchingAttribute EntreModelView ~ | ¥ 4+ ‘ —
----- &7 ApplicationListenerPiu SVE s =l g a
- JavaTest
----- 5] Autocreste Ststechart This i i A : ¥
e This is a simple AlarmManager class D Components E AIarmManager
----- 5] CodeGenerationListen *f L__| D Pricka —
s -l ackages
..... & CresteHyperiinksHelp: //#% class RlarmManager E‘EJ com
""" 7 Eclipse_Ri_Blustootht public class AlarmManager { -2 Packages T
..... 157 Eclipse_Ril_CashRegist EE‘J telelogic -0
""" 15 Eclips=_RiJ_Flectronic |- =-{Z3) Packages —
""" 157 Eclipse_Ri)_Stopwatch // Constructors EEJ alarmSystem T
----- 5 FormatUszCassHeiper -8 Classes =
----- ﬁd IDL_Generation_Helps //#% autc_generated -8B AlarmManager
O[22 JavaTest a public AlarmManager() { 8- {:l Object Model Diagrams 2
G4g) oxfjar - Di\Rhaps O | N | N O = -gH Alarm Overview o
EJ'"@ anim.jar - Di\Rha |:|... java t o o
[ =nimeom.jar - Di\ 3 = - javax
[:l"-ﬁ axdfInstMock jar - — P T e e T T T e e T EID Profles L
-} (default package) File Path : D:fEclipse/JavaTest/com/telelogic, @ L S}
Bm com.telelogic.alar R R R R R R R R AR AR AR AR AR AR AR A AR R R R A AR AR AR AR AR AR R A AR A AR \
m AlzrmManags s
=B, JRE System Librar =l It
[ rtjar - CH\Prc 4 1l | ] SEE|
p— savadoc | Deder...search | | == 3
semar - CAPI Probl... | Javadoc | Dedar... | Search E Console &3 Prope... |Java ... |Debug LI | B
é dnsnsjar - C: No consoles to display at this time. = = rﬁ - ﬂ A O X
@ QTlavazip -1
i @ o npe‘pmfm %||code Generation Done - |}
ﬁ sunpkecsil.jar L2 |
""" errorbd 0 Error(s), 0 Warning(s), 0 Message(s)
[ fesiet g giat. g ol
..... = |
= . - | |
) ¥ T [T, suite [ ek oo, . Brimation }, Search Remlls f
= : 1 E E F
g | LEELE | B | ) : Attempt to establish connection with IDE was successful. GE MODE Fri2 Mar2007 [1:33 M|
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Collaboration

Tight integration with configuration management tools

— Telelogic Synergy, Rational ClearCase, Rational Team Concert or any SCC-compliant tool
Graphically identify differences between versions and evaluate design alternatives

Quickly accept or automatically and merge changes between multiple versions

&2 DiffMerge - Comparison of CashRegisterPkg |'._| |'E| El
File Edit View Layout Window Help

£ DiffMerge - [Package CashRegisterPkg]
Bl Fle Edt view Tools Window Help

P £xz >3
Package CashRegisterPkg | Attribute Left Value | Right Value
- E_]CashRegish&rPkg stereotype
+ ﬁnnimahed Scenario selecting products isStub 1] 1]
+ ﬁ BuyThreeGetOneFree persistAs
- %CashRegish&r displayMame
P code description
-W legalDisclaimer
QSpedal l isReference i} i}
View left diagram license

View right diagram

name CashRegister Overview CashRegister Over|
Browse from here persistAsGenerated 1] 1]
port D s TpETtEs Subject FormatOOMetaclass ... Subject FormatOQ
aphical differences Different items on the le... Different items
Next diff )
Prev diff

For Help, press F1

ObjectModelDiagram CashRegister Overview
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