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About the Document

» Targeted audience

- Master Degree or Ph. D. students
- Basic knowledge in UML

i - Format

- Short speaking (3H)

* Special Thanks to
- Jean-Michel Bruel, Professor ,Toulouse University
- Laurent Nonne, Teacher, Blagnac IUT
- Pascal Roques, Senior consultant, ARTAL Inc.
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LIUPPA

Software Engineering and Distributed Systems

CiuPPA

- Security, Time-Stamping, Digital Right
Management

- Communication Protocols, High-Speed
Networks, Congestion Control

- Multimedia and Quality of Service

s

LIUPPA

Software Engineering and Distributed Systems

CiuPPA,

Application Domains
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Need of modeling

e ‘“Essentially, all models are wrong, but
some are useful”

- Professor George E. P. Box (1987)

e But... Modeling is still a key feature

- To increase systems
* Reliability
» Adaptability

- To make generative programming realistic

- To increase reusability

Use of DSM to Modeling Systems

» Domain Specific Modeling
- Tends to support higher-level abstractions
than General-Purpose modeling languages
- Require less effort to specify a system

¢ UML to define DSM
- UML includes the profile mechanism to be
constrained and customized for specific
domains and platforms

Stereotypes
Tagged values
Constraints

- SoaML for web service engineering
- SysML for System modeling WSML
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Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions

System Engineering

* Not Software Engineering...

e ...Before Software Engineering!
- Historically
- In the development process




A Complex System

B ° Integrated to provide services to it

A complex system is very different of a

simple software system

environment corresponding to the system
finality

* Interacting between themselves and the
environment

Systems of Systems

e A system
- Should manage interactions between
parts

- Support expected behavior
- Handle unexpected ones
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/ Functional and/or

Behavioural Model

Structural Model

Cost

/ Performance Model

Model

Business
\ Model

Other Engineering
Analysis Models

Security
Model

4

Systems

SE Practices for Describing

Generate lot of
writing work

Not adapted to
discuss within a
multi-domain
team

Before

i .| After
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UML for modeling systems?

F « UML 1.x, not really:
- Mainly for Information Systems
- Poor link between diagrams

- Poor link between models and
requirements

|« UML 2.x, neither, although:

| - Implication of Systems Eng. in the
definition

- Composite structure diagram

UML for modeling systems
(cont.)?

F « UML a good basis
- De facto standard in Software Engineering

- Provides a lot of useful concepts to describe a
complex system

- Stable and extensible - can be adapted for the
SE needs

- Lot of available tools
|+ But...
- Lack of several key concepts of SE

- UML vocabulary is too « software-like » to be
used by System Engineers

- Too many diagrams (13 different kinds)

2009-02-14



System Engineering

1+ Any question?

Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions

2009-02-14
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UML capabilities for SE modeling

* UML 1.x fails to support SE

e UML 2increases UML 1.x capabilities for SE
modeling

- Collaboration between SE and the OMG

- Allowing hierarchical modeling of both
structural and behavioral features
» Composite structure diagram
e But No support for :
- Linking models to requirements
¢ Need other software like Doors
- Modeling continuous flows

UML and SE

« UML a good basis
- De facto standard in Software Engineering

- Provides a lot of useful concepts to
describe a complex system

- Stable and extensible - can be adapted for
the SE needs

- Lot of available tools
 But...
- Lack of several key concepts of SE

- UML vocabulary is too « software-like » to
be used by System Engineers

- Too many diagrams (13 different kinds)

11



SysML: identity card

e Date of birth: 2001!
e Current version: 1.1 (03/12/2008)
e Father: OMG/UML
e Leading authors
- Conrad Bock
- Cris Kobryn
- Sanford Friedenthal

SysML Objectives

: but must be able to design a
large panel of systems (hw, sw, data, ...)

: provide a modeling language for SE in
order to:
- Analyze, specify, design and verify complex systems
- Allowing information exchange throughout tools

- Bringing the semantic gap between all SE
disciplinary

- easy to learn for system engineers

- Supported by designing tools

. for specific domains (automotive,
aerospace ...)

2009-02-14
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SysML: Who is behind?

* Industry

- American Systems, BAE Systems, Boeing,
Deere & Company, EADS Astrium,
Eurostep, Israel Aircraft Industries,
Lockheed Martin, Motorola, NIST, Northrop
Grumman, oose.de, Raytheon, Thales

* Tools Companies
- Artisan, EmbeddedPlus, Gentleware, IBM,
I-Logix, Mentor Graphics, PivotPoint
Technology, Sparx Systems, Telelogic,
vitech

* Academia, organizations

- AP-233, INCOSE, Georgia Institute of
Technology, AFIS

SysML, a UMLZ2 profile?

SysML
extention to

SysML is not really only a profile nor a

language
- UML Part not UML Part reused by SysML
“ used by (UML4SysML)
- SysML

13
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From UML2 to SysML

)

R

1 Requirement |
L Diagram 1

- %

Behavior Dizgram

65 nreNgtext | | |
Block Definition AN Object am Eiwty Diagraml Use Case State Machine
Diagram Aara Diagram Diagram
Inteltnal Block Deg/liNert Package Dizgrar Infaracion
Diagram fiagr= diagram
N\ /
N1/
Sequence Ik ion
Dizmgram ervi
yARVLASS /
| Parametric | Cor _‘“ hien
L _Diagram | 2EFed g Didegam

SysML overview

» Diagram notation

e Structure diagrams

» Behavioral diagrams

» Cross-cutting constructs
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SysML diagram frames

Each SysML diag. represents a model element

Each SysML diag. must have a Diagram Frame

Diagram context is indicated in the header:

- Diagram kind (req, act, bdd, ibd, sd, etc.)

- Model element type (package, block, activity, etc.)
- Model element name

- User defined diagram name or view name

A separate diagram description block is used to
indicate if the diagram is complete, or has
elements elided

SysML diagram frames (e.g.)

header
>

req [packacel ExampleFrame rExamDIeFrame')
~ ~—
Giag. type  (diag. name

bruel@irit.fr

2009-02-14
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Structural Diagrams

1
Sireclure Oiagram Requirement Behavior Dizgranm
Dizmgram

i

S~ Irternal Block -
Elock Definition ot .
Diagram Dizgram -Package LR #Activity Diagram Sequence State Machine lUss Case
& Diagram Dizgram Diagram
%
Perarmedric
Diagram
TS A W) L e o r_ - - = - I - - - R =

Package Diagrams (pkg)

|« Same as UML
- to organize the model
- name space

| * Model can be organized in multiple ways:
- System hierarchy
e e.g., enterprise, system, component
- Diagram kind
e e.g., requirements, use cases, behavior
- Use viewpoints to augment model organization

16
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Package Diagrams (e.g.)

pkg SampleModel by | J

Architecture
Team

1

Requirements
Team

IPT
A

1

IPT B

Chta 0 3 2008 s Mt Gt

—
IPTC

Package Diagrams (links)

HEUYUselases HSUVBehavior HEWYStructurs HEWWRequirements Automotive Yalue Types |

Performance
tags
ablods =
AutomativeDomain i HSL.
tags
isEncapsulated ==

HalVinterfaces ‘

17



Block Definition Diagrams (bdd)

? « Classes are dead... welcome to blocks!

- Can be anything (System, Hardware, Software,
Data, Procedure, Facility, Person)

- Satisfy Systems Engineers

bdd [Package] Structure [ ABS Structure Hierarchy ])

==hlocks== ==hlock== ==hlock==
Libraryz: Anti-Lock Library:
Electronic Controller Electro-
Pr Hydraulic Valve

o) N\ 7

==hlacks==

Traction
Detector

==hlack==

Brake
Modulator

ke |
O obileSerron
14
Pliysicalstruture
1
1 ablockn 3 atiackn
1 OMpatiorm 1.+ Doattery
r b
14 1\ 1
1 8
bocke | 1 socks
D Mote. D RAM @ Flash
e
@ Memory

Block Definition Diagrams (bdd)

Compartments
- Properties

- Operations

- Constraints

- Allocations

- Requirements

- User defined!

|[s "BlockExample.sysmigi 5 |

INTIE-SYSML Madels/BlockExamale.sysmidi

[Fy Sebect

1L Margquee -
E EB ects b
%] Block

[ Constraint Bock

2 Block Property

i3 Property

@ Operation

7] Constraint

[ interface

9 Flow Specification
4 Flow Property

¥ Actor

(% Datatype

= Value Type

[ Unit

[+ Dimension

9 Enumaeration

(4] Enumeration Literal

[ETEEETE——Y

<<blocks>

4 mbe

2009-02-14
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Block Definition vs. Usage

Block Definition Internal Block Diagram
Diagram (BDD) (IBD)
= Describes relations B Describes block internal
between blocks structure with parts,
(composition, ports et connectors.
inheritance...)
bdd [package] VehicleStructure [ABS-Block Definition Diagram] ibd [block] Anti-LockController
[Internal Block Diagram]
«block» «blocks
Library:: - T |
Electronic gmlt' L‘Tlck .
Processor ontroller cZsensor | T "
A ’ Interface
d1:Traction
di ., m st Detector
i APy © 300 08 by ot Mgt . - mnnlatar
«blockn «blocky “Vinterface |
- ablockn Interface
Traction Brake Sensor m1:Brake
Detector Modulator Modulator

Block example

«block, requirementRelated, alocated:
© MobileSensor

references

Operation
A 43 SendMobilData ()

Lol o LookForStaticSensar

= & B )

4 SendCallectedData ()

Requirement Related

Verifies =

Tracedrrom =

Satisfies = Sicop-Reguirernents:: SicopRegPackage::DataRegPackage: :MobileSensorSendPersonal. ..
Refines =

AllocatedFrom =

AllocatedTo = < <opagueaction: = Activity models::Sicop-aActDiag-WwhenMobSenMestUniSen::S. ..

2009-02-14
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ablod
CruiseControl

J

Block Definition Diagram (e.g.)

«blod
BlocMateur

B cylindressint

B «flowAttributen flow attribute_7-int

E demarre()-void
& accelere()void
B coupeGaz()-void

31 ¥
1 1

ablod ablodi
Bougie Cylindre

Internal Block Diagram (ibd)

Enclosing —

ibd [block] Anti-LockController ’
al Block Diagram]

Block

Connector — |

c2:sensor [Tt =

Interface

Interface
/
[}

1]
/
|
|
|
|
|
|
|
|
|

d1:Traction
Detector

c1:modulator S|

m1:Brake [

Modulator

Reference

|~ Property

(in, but not of)

—— Iltem Flow

2009-02-14
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SysML Ports (cont.)

R=¥|lL= R T
b SyshiL [SysMl]

~ - Flow

aitemF Lo

SysML Ports (delegation)

to preserve
encapsulation of block ibd [block]Block1[delegation])

interactions at outer %]%—?I
ports are delegated to

ports of child parts

= Child2:

ports must match
- same kind, type,
direction, etc.

connectors can cross
boundary without
requiring ports at each
level of nested hierarchy

21



&5 | SysML Port (e.g.) -

i block]Disilr [Disila-BisckDingram— Wih Controler])
Hydraplic flow . I
i mZ==HZD
S »> > »> ]
miHRD -4 H30 | -
A g hxiHeatExchanger feed:Valve
’ IO T Vahe
Pawer flow L
"Cottware Interfag
wilifiantrolPana! \Powar
ILamg

. | Master REHBIMEH A ilhternet - 2ieme année 4O 43

Parametric Diagrams o

» To express constraints between value properties
- equations
- support for engineering analysis (e.g., performance)
- identification of critical performance properties

» Constraint block captures equations

- Expression language can be formal (e.g., MathML,
OCL)

- Computational engine is not provided by SysML

» Parametric diagram
- usage of the constraints in an analysis context

2009-02-14
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Parametrics (e.g. 1)

par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagra my

v.chassis.tire.
Friction:

v.brake.abs.m1.
DutyCycle:

v.brake.rotor.

BrakingForce: v.Weight:

\

:BrakingForce
Equation
{f = (tFbf)*(1-t)}

Y

:DistanceEquation

:Accelleration
Equation
{F =m*a}

AN =

~

‘VelocityEquation
a = dvidt}

{v = dw/dt}
X
v.Position:

==hlock==

==hblock=>=
clk Clock

Straight Line
Vehicle Dynamics

==canatraint==
Braking Force Equation
(=t A

parameters
12 M{unit = Meswton, dimension = Force)
tf : Miunit = Meswton, dimension = Force}
bf : M{unit = Newton, dimension = Farce}
t: %

el

valies
time ; sec{unit = Second, dimension = Time}

==conatraint==
Distance Equation
{re=chaicit}

parameters
v - miseciunit = MeterPerSecond, dimension = Velocty
= mfunit = Meter, dimension = Length}

it : =ec{unit = Second, dimension = Time}

el

=<conatraint==
Acceleration Equation
{f=m*a}

==constraint==
Velocity Equation
{a=dvidt}

paraneters
1 M{unit = Mevwton, dimension = Force}
m: Kg{unit = Kilogram, dimension = Mass}
& mizec"2{unit = MeterPerSecondSguared, dimension = Acceleration}

P—
& mizec*2{unit = MeterPerSecondSguared, dimension = Acceleration}
v . mizeciuntt = MeterPerSecond, dimension = Welocity }

t: sec{unt = Second, dimension = Time}

2009-02-14
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radio emission

d : FreeSpaceloss

ablockPropertys Pr

«hlockPropertys Pr

«hlockPropertys Pt

| rl: radio |
e J

Example : constraining |

Dynamical Design

Sfructure Disgram Requiremel

Dimgram

Bekavior Dizgram

Dimgram

it Internal Block " )
Elack Definition Package O S 3 & :
Diagram Diagram Sckivity Diagram , Sequence Stzte Machine

N Ciagram

T

. Uze Case

Dimgram

Parametric
Dizgram
_"T;‘f"_"‘! DE 48 st _'T"" T T T T e T T T T T T T e e e e

2009-02-14
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Activity Diagrams (act)

» To specify
- controlled sequence of actions
- the flow of inputs/outputs

- control, including sequence and
conditions for coordinate activities

e Swimlanes

- to show responsibility of the
activity

Activity Diagrams (cont.)

« Improvements from UML:
- Continuous or discrete flow
- Control operators
« to start/stop other actions
- Overwrite and NoBuffer ports
 for continuous flows

- Probabilities on transitions or
parameters

25
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Activity
vity

act Exampl
€

Sequence Diagrams (sd)

* Like UML

[IwhenaMobSensorMeetAnUnlikedStaticSensor

| £ mobileSensor:«subsysterm»MobileSensar | ‘ £ unlinkedStaticSensor: csubsystermUnlinkedStaticSen:

1: SignalPosition

[

\

1

\

boude }

[0,*] |
alt

[If (ReceptionPower < 20%)] }

tupture |

fout] \

\

- 1: GiveData ‘

1.2: UnlinkedSensorPersonnalData

26



State Machine Diagrams (stm)

» Like UML

> whenAMaobileSensorMeetAUnlkSensor

InStaticSensorares

[[PowerReception < =20%]]

. &9 waintingForEnoughPowerReception ‘

i

| &9 WaitingForASignal Is\gna\Re[eivp

[[PDWEVREE\%EUEH>ZD°E]]

&3 Ask Unlk Sensor For Personnal Data
| D AskGiveMePersonnalData

7
I ‘ wallocateds
|

SignalLost

DataR\Lceptinn

H‘—T‘“,'ﬂ';‘ @ UnlkSensorStorageData | =

\ Remembertrea

Use Case Diagrams (uc)

* Like UML

Save persm)vd data on linked §tatic-'ﬁ‘u‘ue\\
% =

A1 i
- 1 wsLbsysterm
4 B ¥ LinkedStaticSensor

A1 s

T
N, ol

N "T_ 1
Sé&ynlinked sensor data on mobile sensor

.

N

S

Store personal data on mobile sensor

wslibsystenn '-71 Save collecked data on linked static node
2 MobileSensor
= .
«subsysterns
X IR % UnlinkedStaticSensor

2009-02-14
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Cross-cutting constructs

Sfruchire Dizgram

Raguiramert
Bimgrarm

Behavior Dizgranm

e o
Block Definition Package Diagram ivity Diagram S
. At =)
Dizgram Dizgram Chaad

Allocation concept

State Machine Use Case
ZF Dizgrarm Dimgram Dizgram
Farametric
Dizgram
T D e e Tttt Tm T
RS T

» Different kinds of allocation

- Functionality - component
Logical component — physical component
Software — hardware

» Usablein alot of different diagram kinds

» Also usable under graphical or tabular
representation

» General relationship between two elements
of the model

2009-02-14
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Allocation f

[OMGTutorial]

rom =

hardware to software i

o

sdnarchairc s
ahErdware s
Optical Sensor | - Wideo Camera A
«hardwares
Site Processor < whardwares
allocatedFrom - WA i

asoftwares Site Config MMgr

allocateaFrom
asoftwesnes ?El Comm WVF

esofbwsres Sike ROBMS
asoftwares Site Status Mgr
asoftwearc=s Uscr WF
nsoftwares User Wahd Mor

xhardwares

: Site Hard Disk

allucal=dFruan
sdatax Site Database

xhardware=
> DWD-ROM Drive
allocatedFrom
wdat=s Wideo File

Allocations
% [OMGTutorial]

e Uses of
swimlanes .

Behaviors Explicit s

L

act PreventLockup [Activity Diagram)] /J

2

TractionLoss:

®

Modulate
: i orce

act Praventlockup [Swimlane Diagram])

aallocates
“TractionDetector

b4

TractionLoss:

«allocates
:BrakeModulator

Modulate
BrakingF oroe

allocatedTo &S
aconnectorsc:modulatorinterface
— J

2009-02-14
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Requirement diagrams

* <<requirement>> al
based requirement

lows to represent a text

- Includes one identifier id and some textual

properties
- Can add user define
- Can add user define

d properties
d requirement categories

* Requirements can be

- decomposed
- specialized

* Requirement relationships
- « deriveRqt », « refine »
- « satisfy », « verify »

- «trace », « copy »

Requirement Diagrams (e.g.)

“reqguirerments
(R] Longevity

Id=12
Text = Batteries of

to save energy the

limited capacity. Sensors must be able

a Mobile Sensor have

best

araqui

@ confirmReception

rermnents

Id =123
Text = & mokile sensor

in the collecting area

to the linked static sensor when it enters

st only signal itself once

=]
<<satiﬂ§r»

[
T

% NominalBehavior

@ EvaluateConfirmReception

2009-02-14

30



2009-02-14

.| Rational and Problems

bdd Master Cylinder requirements)

i «blocks
«reqmremen}x-
Loss of Fluid M- ) Brake System
- 4 satisfyy
; m:MasterCylinder
g «requirementy S R
=, eservoir K ]
= «satisfy» v
‘4, l\
‘ N
l, y

rationales

) . L «problems
The best-practice solution consists in e master cylinder in previous
assigning one reservoir per brakeline. version leaked.

See "automotive_d32_hdb.doc”

bruel@irit.fr

Requirements Tables

table [requirement] Performance [Decomposition of Performancs Requ\rememy

id |name text
The Hybrid SUV shall have the braking, acceleration, and off-
road capability of a typical SUV, but have dramatically better

2|Performance fuel economy
The Hybrid SUV shall have the braking capability of a typical
2.1|Braking SUV.
The Hybrid SUV shall have dramatically better fuel economy
2 2|FuelEconomy than a typical SUV.

The Hybrid SUV shall have the off-road capability of a
2 3| CffRoadCapability |typical SLIV.

The Hybrid SUV shall have the acceleration of a fypical

2.4|Acceleration SUV.
table [requirement] Performance [Tree of Performance Regquirements] )
id |name relation  |id |name relation  [id |name
[2.1 |Braking deriveReqt |d.1 |RegenerativeBraking
2.2 |FuelEconomy deriveReqt |d.1 |RegenerativeBraking
deriveReqi [d.2 |Range
4.2 |FueiCapacity deriveReqt [d.2 [Range
23 |OffRoadCapability | deriveReqt [d.4 [Power deriveReqt [d.2 |PowerSourceManagement
2.4 |Acceleration deriveReqt [d.4 |Power deriveReqt |d.2 |PowerSourceManagement
4.1 |CargoCapacity deriveReqt [d.4 |Power deriveReqt |d.2 |PowerSourceManagement

31
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75”

Requirements Diagrams (c.y.,

arequiremnents
Q Longevity

Id =12
Text = Batteries of a Mobile Sensor have
lirited capacity, Sensors must be able

to save energy the best

«derives

“requirements
D confirmReception

Id = 123
Text = A mobile sensor must only signal itself once
to the linked static senzor when it enters

in the collecting area
1 | o
- &)

5 NominalBehavior @ EvaluateConfirmReception

Cross-connecting elements

1. Structure  =emmmom—— 2.
= aet Freven tockup [Swimlane Di H
e e I oot SxBigh avior
= o

caleaks
e 32:Bmkellcdutator

i JractionDetector

aligf atedFrom e
agfions s1.Detectioss
jon

/‘g A
ot e a\\oGa
7 it BrokeModulator / =
aliocatedFrom rGllocatedFrom . — = -

e “ations 2 loduate 4
sigFiow e VT¥
= value [srocsears 1
Dusors indin par [FocK] St Line venci Eynartes [ Valce bivangs 1)
H v, mi.cuty cycle 1%
satist
ction : N - a
ERI R [or:m
: [
Vahicle System Braking Subsystem e i .
Specticaton Specifio stion ot :Braking Force e2: Acceleration
L} A oy {1
arequirements «rquiements
StoppingDistance Anti-LockPerformance.
A\ & mizeceg]
B B
un braking co! o=t} €3 : Velocity Equation
i ¥ misec amdhoit
Verfieagy Satisfieasy vimeE i
entaractons WinimumStoge | <blogie AntLosCantraiier xem Lo 1
S 'Q\
L3 D,
|
L. Veri

3. Requirements 4. Parametrics
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Example of methodology

Requirements Analysis

Requirements Diagram

Requirements Capture

Definition of System Use Cases

System Use Cases

System Use Cases

‘ HARMONY- SE (i-Logix)

System Functional Analysis

Logical Subsystem Operational Contracts
-

White Box Analysis

Abstracted
Use Case Models

0
Black Box Use Case Model, s Case v
System Level Operational Contracts = - Black Box Use Case Scenarios
z Black Box Analysis
B System Level
White Box Use Case Model g OpCons White Box Use Case Scenarios
P
8
=]

Updated Logical Subsystem OpCons

Requirements Repository

aseqeleq 1sa1

Deployment Model,
HW/SW allocated Operational Contracts

Physical Subsystem

Physical Subsystem Use Cases Use Case Scenarios

Links providing traceability
to original requirements

Introduction to SysML

33
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Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions

From UML to SySML

* Only some advices:
- Forget about class and objects
- Think like an engineer
- Focuss on the requirements
- Play with SysML tools
- Stay tuned (sysml forums and lists)

34
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From UML to SysML

* Any question?
 Time for a break?

Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions
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Hybrid Sport Utility Vehicule

e From
e 2TUP process

36



HSUV (cont.)

«ContextDiagrams
ibd [block] AutomotiveDomain

1’

Passenger:

version="0.1"

external interfaces.”

S B‘Wll:ln
HybridSUv

—

Maintainer:

ot 3500 2000y bt Mgt G

weX| il
drivingConditions:Envi

description="Initial concept to identify top leve! domain entities”
reference="0Ops Concept Description”
completeness="partial. Does not include gas pump and other

I wextemnaly 1.2
weather:Weather object:ExternalObject
weXlemals
vehicleCargo:
Baggage

&

wexternals 1.7
road:Road

&

1

HSUV (cont.)

ot .35 2000 oy bt Mg G

pkg MeodelingDomain [Estabiishing HSUV Modeli)

1
aprofilen
SysML w
13 Mo
\ SNygopelys {sirict}
by
e i
«modelLibrarys simports
Sl Definitions [~ | HSUVModel

2009-02-14
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HSUV (cont.)
pkg HSUVModel J o 50 2008 by bt Mt Gt
HSUVUseCases HSUVBehavior HSUVStructure Raqt‘-lll?:ﬂ":!!lls HSUVAnalysis
A £
j 7 7
'. —
:. DeliverPower arequirements J
! Behavior /
!
{ 4 /
imports { 74
= ablocks J P
i Automotive 7 - —]
i Domain I b
1 7 «imports ,,f’ Automotive
! 7 ! / ValueTypes
1 / ; /
HSUVViews simports ! /
H Fa ] ]
— ¢ i &
e w«viewpoints wiews 4 aviewpoints
x == xconf -3 O Performance |---«conforms-=» Performance
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HSUV (cont.)
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HSUV (cont.)
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HSUV (cont.)

teq [package] HSU\Reguitements [HSUY Specication] ]
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HSUVSpecification
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HSUV (cont.)

req [package] HSUVRequit [Acceleration Requi Refinement and Ven'ﬁcat‘lony
«requirement»
Acceleration
T Wy
arefine» -~ / S
e / Y
_“‘ s i
s «deriveReqgts '“""T’\”\'
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SUVUseCases: # Ry
:Accelerate M
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«satisfy»
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«block»
PowerSubsystem
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table [requi Performance [Decomp o q ‘)

id |name text
The Hybrid SUV shall have the braking. acceleration, and off{
road capability of a typical SUV, but have dramatically better

2|Performance fuel economy.
The Hybrid SUV shall have the braking capability of a typical
| 2.1|Braking SUV.
The Hybrid SUV shall have dramatically better fuel economy
2.2|FuelEconomy than a typical SUV.

The Hybrid SUV shall have the off-road capability of a
2.3|CffRoadCapability |typical SUV.
The Hybrid SUV shall have the acceleration of a typical

|_2.4|Acceleration Suv.
table [t | Perf [Tree of Req ‘)
|Id name relation lid |name relation |id |name
2 1 |Braking deriveReqt |d 1 |RegenerativeBraking
2.2 |FuelEconomy deriveReqt |d. 1 |RegenerativeBraking
Ecor deriveReqt |d 2 |Renge
4.2 [FuelCapacity deriveReqt |d.2 |Range
12 3 |OffRoadCapability | derivel d 4 |Power deriveReqt |d 2 | PowerSourceManagement
12.4 | Acceleration deriveReqt |d.4 |Power deriveReqt |d. 2 |PowerSourceManagement
.1 |CargoCapacity deriveReqt |d.4 |Power deriveReqt |d.2 |PowerSourceManagement
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HSUV (cont.)

* Requirements have been fully studied
e Let's goinside the box!

HSUV (cont.)

bed [block] AutomotiveDomain [HybridSUV B 1)
JS—— S——
HybridSUV
P bk b i ! ¢
Power Y L Cl
T3 \
™ 2 i 4
arationales
BrakePedal 2 wheel drive is the only way to get WheelHubAssembly
acceptable fuel eco 1o
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HSUV (cont.)
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HSUV (cont.)
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HSUV (cont.)

par [constraintBlock] StraightLineVehicleDynamics )
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o wrationales
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I+ —{] pwr:P
[N
Vel v a: El
arationales
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T
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wrationales -
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arationales
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Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions

From SysML to UML

* For SysML some viewpoints will provide
information to be allocated to several
engineering domains
- Hardware, software, ...

» Part of the software specification is include
in the system specification

- Inheritance of system specification

- Problem of the software specification
grain

- Problem of retro-specification from Sw to
System

2009-02-14
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From SysML to UML

e A Wild subject
- No existing formalized method nor
cookbook

- Just some good practices

- Examples of requirements and
deployment [Art08]

Requirement Traceability

» Software requirements specification
- Normally be created as part of SE process

- Integrating into System requirement into
SysML/UML model will improve
traceability

* Principe
- Add some relationships between SysML
and UML models
e <<Trace>>
e << Satisfy>>
o <<Refine>>
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Modeling software in SysML

* Ablock can represent a wild kind of things
- System, sub-system, logical or physical
components...

e Arapid approach consists in
- Mapping directly between a block and a
class

- But ... the level of abstraction is not at the
same level

- Mapping one to one is not realistic

e Use of <<allocation>> concept

Modeling software in SysML
[Art08]

baa [Packags] CC System Softare)

2009-02-14

47



Use cases

e For simple systems, mapping is easy

e For large scale systems (systems of
systems)
- Problem of level of abstraction

* Example
- System = Drive Vehicle use case

- Sub-system = cruise control system

- SW engineer will analyze CC functional
requirements and create a subset of use
cases to the level of the CC software

Flows, signal and events

» Events and signals are generally atomic
operations
- Will usually map directly to the UML model

- Will be necessary to consider any linked
state transitions or behavior invocations

* Problem will occur within continuous flows

2009-02-14
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Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions
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And Software Components?

» System-level reuseis
- relatively immature compared to software
reuse

» Use of SW components in a system
process
- Problem of philosophy (how to be sure
that the reused component exactly
corresponds to requirements)
- Problem of correspondence between
System block and Software components

- What about systems norms (e.g. DO178)?

A solution with PauWare?

» Building components from state machines

==COMmponent== E] A provided interface O

My component e
-a0) request_hi)
—request_h() . _pirequest c()
-wi(() request_d()
request_e()
request_f()
request_g)

request e

entryl'y

exit/ z

==statemachine==
A state machine
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Content

 Partl
- Introduction to System Engineering
- Introduction to SysML
- From UML to SysML

e Partll
- Case studies
- From SysML to UML
- Use of Software Components in System
Engineering
- Questions and discussions

SysML, What Else?

* Modeling and Analysis of Real-Time and
Embedded Systems ( )

- A UML profile
- Real-Time Oriented

» Architecture Analysis and Design
Language ( )
- A architecture description language
- Verification and Validation using tools
- Extension mechanisms (parser)
- http://lwww.aadl.info/
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Opened Questions 1/

*  What maximum granularity level Using SysML?

 How do you translate a SysML model in a UML
model?
- How do you keep links between requirements
and corresponding model elements?

- Model transformation?

 Methodological consideration
- Which existing method could be adapted
within SysML language?

Opened Questions 2/

» SysML genericity : would be a matter?
- Generic blocks must be stereotyped

* What about the timing concerns?
- Cooperation/integration with Marte?

» Lack of verification tools for requirement
validations

2009-02-14
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Conclusion 1/

 SysML is
- a specific language for complex systems
- strongly UML-Based
- focusing on the analysis step

e SysML is not
- alanguage designing to be used with a
specific method

- Able to be used without more specific
languages (hw, sw..)

Conclusion 2/

» SysML has improved

- The links between models elements and
requirements)

- The capability to include mathematical
features in models

- Continuous flows design

e SysML has failed
- Covering all the system design lifecycle
- Fully interacting with UML
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Conclusion 3/

* SysML helps
- To identify high granularity software
components
- To define access points/drivers between
software and hardware components

e SysML doesn't help
- To directly translate a software component
designed in SysML to a UML software
component

SysML Tools

e Artisan Software / Real-time Studio
- http://www.artisansw.com/

- http://www.embeddedplus.com/

e I-Logix / Rhapsody
- http://www.ilogix.com/sublevel.aspx?id=53

* SparxSystems / Enterprise Architect
- http://www.sparxsystems.com/sysml

» Telelogic / Tau G2
- http://www .telelogic.com/products/tau/index.cfm
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Sources 1/

% o \Web sites

» Tutorials
- [OMGTutorial] OMG Systems Modeling Language
(OMG SysML™) Tutorial, Sanford Friedenthal, Alan
Moore, Rick Steiner

Sources 2/

=% . Books

- A Practical Guide to SysML: The Systems
Modeling Language, Sanford Friedenthal, Alan
Moore, and Rick Steiner, ISBN-13: 978-0123743794

- Systems Engineering with SysML/UML:
Modeling, Analysis, Design, by Tim Weilkiens,
ISBN-10: 0123742749

click to LOOK INSIDE!

.
Systems
Engineering
witn SySML/UML

Madaling, Analysis, Dosign
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Sources 2/

» Documentations
- [Sys08] « The OMG SysML specifcation v1.1 », OMG
parters, formal/2008-11-01

- [Art08] “Building Bridges Between System and
Software With SysML and UML”, Matthew Hause,
Francis Thom, INCOSE Intl. Symposium, June ' 2008

e To go farer
- [HRO4] D. Harel and B. Rumpe, "Meaningful
Modeling: What's the Semantics of 'Semantics'?",
Computer 37:10 (October 2004), IEEE Press, 64-72

Any questions?

nicolas.belloir@univ-pau.fr
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