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SysML
(System Modeling Language)

Osnova:

« Motivace: proC dalSi modelovaci jazyk?
« SysML vs. UML

« SysML v prikladech

« Zhodnoceni a zavér
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Motivace '*l’:

LANGUAGE

« SysML je graficky modelovaci jazyk vychazejici z jazyka UML
- UML je zaméreny na navrh SW systémui (od mobilnich zafizeni po
enterprise reseni)
« SysML je zaméreny na systémové inzenyrstvi (splfiuje specifikaci SE
RFP — Systems Engineering Request for Proposal)
— Embedded systems
— Real-time systems
— Complex engineering projects
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UML vs. SysML *ﬁi

LANGUAGE

Vznik UML:
— 1996: Prvni verze UML 0.9
— 1997: UML prebira OMG (stava se standardem)
— 2005: UML 2

Vznik SysML.:
— 2003: zaloZzeno sdruzeni SysML Partners

— 2005: SysML 1.0a predlozena OMG (Object Management Group). Od té
doby OMG udrzuje OMG SysML, vCetné open source licence. Posledni
verze je OMG SysML 1.1

SysML je definovano jako profil UML
— SysML je nadefinovano pomoci UML
Profil UML

— Mechanizmus UML jak pfizptsobit modely pro konkrétni doménu (letectvi,
zdravotnictvi, finance, ...) a/nebo platformu (J2EE, .NET, ...)

— Déje se to prostirednictvim stereotypu, tagli a omezeni aplikovanych na
konkrétni UML elementy (tfidy, atributy, aktivity apod.)
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UML vs. SysML (pokr.)

aa
UML 2 SysFVIL

SysML'S

UML

"-.
not requimK /.>_<\
by SysML

UML reused by
SysML
{UML4SysML)
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Vyhody SysML *ﬁi

LANGUAGE

« Je mensi a jednodussi nez UML (mensi poc¢et diagramu a pojm
obecne).

- Redukuje orientaci na SW a pfidava modelovani HW pozadavkd,
vykonu apod.

- Pridava obecné alokac¢ni tabulky, napf. pro alokaci pozadavku, funkci,
struktury, a tim ulehCuje automatizovanou verifikaci a validaci.
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Block Definition Diagram Class Diagram

Package Diagram Package Diagram

Requirement Diagram N/A

State Machine Diagram State Machine Diagram

Allocation Tables N/A

N/A Communication Diagram

Customer I
__ e l

N/A Interaction Overview Diagram
N/A Timing Diagram
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UML Activity Diagram:

[HAM]

Process mail

Get mail |

[SPAM]

check SPAM

[SavemailtoINBO)(I [ Bir mal |

UML Sequence Diagram:

:0rder

:Orderline

2: getQuality

3: getProduct

4: getPricingDetails

|

5. calculateBasicPrice I

|

6: price I

€ et e |
1



Clenéni SysML diagramdl ,;.;,:Eﬁgg'ﬁ-:i:

SysML Diagram

fh

P Pp——

[
Behavior : Requirement Structure
Diagram : Diagram Diagram
Activity Sequence State Machine Use Case Block Definition Internal Block .
. . . . . . Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram
[ | sameasumL2 ' o :
. arametric
— 1 Diagram
. Modified from UML 2 v
..-- .
' New diagram type
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Block Definition and Internal Block Diagrams

bdd Water Supply and Clieny

SpigotBank

Faucet

Water Water
Supply Client
Water ’
Delivery
sbank| 1 i faucet| 1
: liedBy ! deliveredTo
Spigot supp ivere
Bank 1 — Faucet
hot |1 4| cold hcntT1 1Tcold
. from 10 | Faucet
Spigot i i Inlet
ibd Water Delivery )
E «participant» from io : «participant» '
i {end=suppliedBy} hot ! i _hot | [end=deliveredTo} |
| suppliedBylnLInk: l | deliveredTolnLink: !
| PP Y cold Trom o] cold i
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Requirement Diagram 'ﬁ-:ii

LANGUAGE

- Diagram poZadavkl
« Ukazuje systemové pozadavky a jejich vztahy s jinymi elementy

« Obsahuje pripady uziti (use-case), pozadavky (requirement), baliky
(package), testovaci pripady (test-case) a zdlvodnéni (rationale)

« VySe uvedené elementy jsou propojeny omezujicimi vztahy

(deriveReqt, refine, verify, trace, ...) 3 Febu

. Y Y Vi ¥ i i Project status:
Vhodny pro analyzu pozadavku (requirement analysis). 100% complete

)

The users don't
think thiz iz what

they asked forl

the requirements.

You're the one
who documented
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Requirement Diagram — priklad 1

req [package] HSUWVRequiremenis [HSUY Spe-:riﬁn:a'.imy

[ ]

HEUVSpecification

3]

2]

afegUirements

arequirements

wreguirements

arequirements
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wrequirements

Eco-Friendliness Performance Ergonomics Qualification Capacity
=] & T 53] ntlj 2 ]
arequirements axreciuiremer".x- arequirements areguinements urequirements arequiremenis arequirements
raking FuelEconomy OffRoadCapability Acceleration SafetyTest CargoCapacity PassengerCapacity

srequirements
Emissions

id="R1.2.1"
taxt = "The wehicle shall meet Ultra-Low
Emizsions Wehide standards.”

wrequirements
FuelCapacity
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Requirement Diagram — priklad 1 (pokr.)

P

12. 11. 2009 — Radek OslejSek

Power delivery must happen by coordinate
control of gas and electric motors. See
“Hybrid Design Guidance

SHTIIS §
MODELING
LANGUAGE
req [package] H3UVRequirements [Requiremeant Derva mﬁ
arequirements arequirements arequiremants araquirements araquiremants arequirsments
Braking FuelEconomy FuelCapacity OffRoadCapability Acceleration CargoCapacity
I o~ % I . 3 =
Ii Ir Ii, LY e \ . | L
Y LY &
1 I 1 Ly - \ ”
mderwelﬂeqm aderiveReqts | 5 xderlveﬂiqt» xdEFI'v'EfEE{:]h: ~ ! p p
! W. 1 i .
d /! t 5 s \ «deriveReqts «deriveReqts aderiveRents
\ ! \ N ) \
| * «requirements S \ o
arequiremeants | * Range . \ L
RegenerativeBraking \ * R
iy S
xderwleFEeqtn N sreguirements
| aproblems === Power
1 Power needed for acceleration, off-ro -
RefinedBy N ' performance & cargo capacity conflicts -
HSUWStructure: - HSUW. v | with fugl economy =
HSUVOperationalStates \ L=
1 ) e
T i aderiveReqts  ~=~—__
S ! o " Twrationales
h.“ F,..--'"
~ sTequirements
PowerSourceManagement
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Requirement Diagram — priklad 1 (pokr.)
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req [package] HSUVRequirements [Acceleration Requirement Refinement and Veriﬂcatinn]/

wrequirements
Acceleration

kY

== A
!

- At
«refines __-—" ; .
- ' LY
- ! ~
" ! aVerifys
== aderiveReqt» S
e = /
f,f"’ ! \x\
/HSUVUseCases:", /! \.
| .
-\ :Accelerate /’ /!
S— e L utestCases

. Max Acceleration
«requirements

Powear

i
Fa
wsatisfy»

.
'
&

wblockn
PowerSubsystem
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Requirement Diagram — priklad 2 'ﬁ-:ii

req MasterCylinderSafety )
Decelerate Car
«rationale»
; body = “This design of the brake «block>
-~ : BrakeSystem
L crefines assembly satisfies the federal safety
£ requirements.”
. FrontBrake
«requirements J I Rear Brake
Master Cylinder Efficacy / I1: Brakeline
/ ___—- |2 BrakeLine
id="8541" / __«satisfy» 7" - m: MasterCylinder
text ="A master cylinder shall have a reservoir T
compartment for each service brake <= activateBrake()
subsystem serviced by the master cylinder. releaseBrake()
Loss of fluid from one compartment
shall not result in a complete loss of
brake fluid from another compartment.”
«deriveReqt» «deriveReqt» «rationalex»
7 e body = “The best-practice
. solution consists in assigning
«requirement> «requirement» one reservoir per brakeline.”
LossOfFluid Reservoir
b 27
id="3541a" id="55.4.1b" -
text ="Prevent complete loss of fluid” text = "Separate reservoir compartment” SatisfiedBy
o BrakeSystem; ;I1
e BrakeSystem::I2
! Se—— «rationale»
: | body = “The best-practice
SatisfiedBy solution consists in using a set of
BrakeSystem::m springs and pistons to confine the
loss 1o a single compartment”
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Requirement Diagram — priklad 2 (pokr.)
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req hurnishJ

wrequirement »
NHTEA SarchyRequirements

Text =
IO - 167 138

«requirement »
Burmnish

Text ='(a) IBT..."
N =871

"\_.'--.._ {-:-'.,.'er'[f'}- )
T

sm Burnish test)  actcacen

[Speed=20]
Accelerate -

—
T
T

[counl = 200]

nitial

Maintain

BT-100 or
d >=2 kn

condition v

Brake

[count=200]
Adjust 3
\, brake /

Sl
@
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. . OMG _%
Parametric Diagram “"1..

- Diagram poZadavkl

« Ukazuje parametricka omezeni mezi elementy.

« Vhodny pro vykonnostni a kvantitativni analyzu.

- Je definovany jako omezena forma diagramu internich blokd.

« Obsahuje interni bloky a jejich vnitfni vlastnosti + omezujici vlastnosti a
jejich parametry.

« VSechny vlastnosti (kromé samotnych omezeni) musi byt ohraniCeny
budto pfimo omezujicim parametrem, nebo nepfimo ostatnimi
vlastnostmi a omezenimi.

Prinasi constraint-logic paradigm do object-oriented paradigm.
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Parametric Diagram — priklad syntaxe
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Element Name

Concrete Syntax Example

Metamodel Reference

ParametricDiagram

par Blockl J

length: Real
[—1x

C1: Constraint1

width: Rea

O—(

SysML::Constraint-
Blocks::ConstraintBlock
SvsML::Blocks::Block

ConstraintProperty

-
[ ] x:Real

C1: Constraint1
E| y: Real

cconsiraints
C1: Constrainti

[ ]x:Real

_|y: Real

SvsML::ConstraintBlocks::

ConstraintProperty

12. 11. 2009 — Radek OslejSek
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Parametric Diagram — priklad 1

asm: Firing Rang%

OMG

LANGUAGE

0.1 | "/_ _-\-
¢: Cannon force ~——TTTTTT T lf «paramConstraint»
| a R1: Newton's Law
A
| - )
| | e m S/
' 1
| |
current acceleration ———-! ——
projectile | e m -\
— s: Shot | density F-----—-——-—-—--—- d N _ '
0.1 | aparamZonstraints
R2: MassRelation
volume -————--——————-— v .
| . S/

=

P

12. 11. 2009 — Radek OslejSek

Druhy Newton(v zakon:
Jestlize na téleso pUsobi sila, pak se téleso pohybuje se zrychlenim,
které je pfimo imérné plsobici sile a nepfimo Umérné hmotnosti télesa
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Parametric Diagram — priklad 2
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par [Block] m}fﬂaﬂﬂ ¥ Sa:tuHﬂsSj-'stam u
==consiraint=»
weight1 : WeightBalance
fov =l o+ w2 + w3+ owd)
Wj_ﬁ]eai wi : Real wil_Rleal w3 Real wvd : Real

. 3"1 ...............................................................

e e3 ed a5

T =<ValueType== ==hlock== ==hlock=>= = ' ==hlock== = . = 2 = '
Weight : Real Pro1 : Propulsion In=1 :Imm Con1 : Control Psy : PowerSystem

I ' I

. =2V alueTypes= — a=<WaleType=> 5 =<ValueTypes== =2alueType==
#hrmeaeme R Wpro : Real Win=s : Real Wcon : Real Wpsy : Real '
==aluaT =
<=ValueType=> ==ValueType=> 5 ==WalueTypes= Rl :F:::I (i}
Ppro : Real Pins : Real Pcon : Real
gh . . &7 ed e
p1:Haalu pe:eal ﬁ”‘“‘L_J p:ﬁ:gg;[_[
=<consiraint=»
power1 : PowerBalance
{p=p1 +p2 +p3}

12. 11. 2009 — Radek OslejSek
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Allocation Tables 'ﬁ-:ii
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« Alokacni tabulky
- Tabulkovy zapis alokaci (mapovani) elementl. Hojné vyuzivano pravé
\' Systemovem |nzenyrstV|
— Requirement allocation
— Functional allocation
— Structural allocation

« Vhodné pro ulehCeni automaticke verifikace a validace

12. 11. 2009 — Radek Oslejsek PV2263: SeminarF LaSArIS 19



LANGUAGE

Allocation Tables — pfiklad (d. aktivit) %i:

«(U zerDefined ) Swimlane Diagrams
act ProvidePower [with Swimlane Allocation]
f _____________________ N,
o 3‘| ik «dlocates wallocates «allocates I|
InternalCombustionEngi | EledricalPowerContr | ElectricalM otorG ener
PoverC ontroll nit |
| ne olier ator
wcontinuouss | | gcontinuouss
= gasDrivePover
P az2ProvideGas | g
| Power |
sconfinuouss | acontinuousy
vehCond | driveP ower
gcontinuougs |
| gThrottle
continuouss gcontinuouss
battCond | elecDrivePower
scontinuous» wcontinuouss |
>|  €Throttie driveCurrent

accelPosition
allocatedTo : |
aitemF loweil EledricC urrenﬁ keyQff

|
| i
h__‘___-___‘jt-—-_._
wcontinuouss / / hﬁ_"“*—-—-; transM odeCmd

|

|

\

e —
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Allocation Tables — priklad (pokr.)
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table [activity] ProvidePower [Allocation Tree for Provide Power )

Activities]
type name end |relation end [type name
activty al:ProportionPower from |allocate to block PowerControlUnit
activity a2:ProvideGas Power from |allocate to block Internal CombustionEngine
activty a3:ControlElectricPower [from |allocate to block ElectricalPowerController
activity a4:ProvideElectricPower |from |allocate to block ElectricalMotorGenerator
objectNode |driveCurrent from |allocate to itemFlow]i1:ElectricCumrent
matrix [activity] ProvidePower [Allocation Tree for Provide Power Activities})
Source Target
PowerControlUnit InternalCombu | Electrical ElectricalMo | I1:ElectricC
stionEngine PowerContr | torGenerator | urrent
oller
Al:ProportionPower allocate
A2:ProvideGasPower allocate
A3:ControlElectricPo allocate

wer

A4:ProvideElectriPow

er

allocate

driveCurrent

allocate

12. 11. 2009 — Radek OslejSek
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, . , =
Problém absence instanci i

« Modely SysML nepracuji s pojmy tfida a jeji instance, ale tyto dva
pojmy spojuji do pojmu block.

« VSechny UML diagramy pro praci s instancemi byly ze SysML
vypustény, prebrané diagramy byly omezeny

— Napf. sekvencni diagram pracuje s bloky. Semantika se da prirovnat k
modelovani anonymnich instanci v klasickém UML sekvencnim diagramu.

« Mnozi se shoduji: Modelovani instanci je nezbytnou soucasti
modelovani systému a jejich absence v SysML je povazovana za velky
problém.

« V soucCasnosti se nevede ani tak diskuse o tom, jestli instance do
SysML pridat, ale spiSe jak je pridat.
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Problem absence diagramu Casovani o 'ﬁ*&;
« Mnoho projektli feSenych pomoci SysML je real-timovych

« Navrhari SysML presto tvrdi, ze digramy Casovani (timing diagrams) nejsou
potfeba. Daji se nahradit napf. Casovymi omezenimi v diagramu aktivit.

« Vede se diskuse, jestli jsou diagramy Casovani tfeba, nebo ne.

udalost zmeéna stavu
\ /
td Tirming Diagram / \ /
\
stav \ |"_ Id..d*3] _4
T waitfocess
1 Code 0.12
X wigitCard
Idle
Stql't 1 1 1 1 1 |DH ﬁr't+3}| 1 1 1 1 1 1 1 1 1 1 >
5 Yy \
3 Hatard dvé notace
E Ha=Card
b 4 [ & L d 1 1 1 1 1 1 1 )
casove omezeni = }“ o _4 N

o
o
ﬁ Idle >< w'ait Card U%itﬁ.cce){s Idle >

. T

objekt T2 )
) f f f f f f f f f f f f f f f f f f f
Time (ms) 0 40 20 30 &40 S0 GO0 70 80 90 400 140 120 430 140 150 460 170 180 41490
UML Timing Diagram
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Lze pouzit UML a SysML spoleCne?

« Ano, byl to zamér navrhari SysML.
« V CASE nastrojich by nemél byt probléem (SysML je UML profil).
« Je zde ale rada otazek:

| spoleCné SysML a UML diagramy se drobné liSi napr. v pojmech, coz
mUze vést ke zmateni pojmu a k problémum v komunikace uvnitf tymu

Parametrickeé diagramy pfinaseji prvky constraint-logic paradigm do
objektoveho sveéta, ale sémantika je definovana nejasne.

SysML stira rozdily mezi tfidou a instanci.
Neexistuje metodika, ktera by tuto problematiku seriézné pokryvala.
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CASE systémy s podporou SysML “"T
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Enterprise Architect + MDG Technology for SysML
— Sparx Systems
« MagicDraw + SysML plugin
— No Magic
« Artisan Studio
— Artisan Software
« SysML Toolkit (EmbeddedPlus) + Rational Software Modeler/Architect
— IBM
- Rhapsody
— IBM/Telelogic
- TAU G2
— IBM/Telelogic

12. 11. 2009 — Radek Oslejsek PV2263: SeminarF LaSArIS 25



12. 11. 2009 — Radek OslejSek

Déekuji za pozornost

PV2263: Seminar LaSArIS

26



