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System engineering

Systems Engineering (SE) is an interdisciplinary field of engineering, that
focuses on the development and organization of complex artificial systems. It
integrates other disciplines and specialty groups into a team effort, forming a
structured development process that proceeds from concept to production to
operation and disposal. Systems Engineering considers both the business
and the technical needs of all customers, with the goal of providing a quality
product that meets the user needs.

A System is a set of entities, real or abstract, comprising a whole where each
component interacts with or is related to at least one other component and
they all serve a common objective. Any object which has no relation with any
other element of the system is not part of that system but rather of the system
environment. A subsystem then is a set of elements, which is a system itself,
and a part of the whole system.

Examples of systems :

= Air traffic Management systems

= Medical Systems

=  Plane

= Military systems (Naval, ground, Air force, ...)
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A system is ...

® Complex
SE & SysML

® Non software centric

SysML / UML2

Diagrams ® Made of parts constituting a hole

Package D. ® Interdisciplinary, involving mechanics, electricity,
Bloc D. software, Human interaction, energy, software radio,
Parametrics hardware, etc.

Activity D. ® Large, with a large number of participant in its
Allocation construction :

Requirement D. = Subcontracting issues
Conclusion = Integration issues
= Global consistency issues
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What is SysML

SysML is a modeling language used for systems engineering
applications, supports the specification, analysis, design,
verification and validation of a broad range of complex
systems.

SysML is an OMG standard, based on UML, adapting UML for:

= Not being software centric,
= Focusing and extending it to the system engineering field

RFP (March 2003) developed jointly by the OMG and the
INCOSE: Requirements for extending UML to support the
needs of the systems engineering community.

The SysML specification (Jul 2006), developed in response to
these requirements by tool vendors, end users, academia and
government representatives.
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SysML : A model based approach

Standardization of the representation of systems

Abstraction capacities : from the overview to the detailed
description

Separation of concerns via multiple views of integrated model
Supports traceability through hierarchical system models

Facilitates impact analysis of requirements and design
changes

Allows model based support: simulations, model checking,
conformities, MDA

Provides a continuity from system definition down to software
development
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What is SysML (2)

SE & SysML
SysML / UML2

Diagrams

Package D. ® A modeling language

Bllee L = Notation

Parametrics = Semantics

Activity D. ® SysML is NOT a methodology or a tool

Allocation = Specific usages of SysML are up to organizations or domains

Requirement D.

Conclusion
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Positioning SysML vs UML2

__'__.a-""'"'- hh""'"“-u,.
SE & SysML
SysML /UML2
Diagrams - \ '
Package D, UML 2 SysML \)\
Bloc D. /'r SysML'S
extensions to

Parametrics f o
Activity D. not required

: by SysML = - UML reused by
Allocation i Sy

(UMLASysML)
Requirement D.
SysML

Conclusion

® uses asimplified version of UML
® Reuses parts of UML

® Extends & adapt UML using the UML profile mechanism
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What UML2 brings for System engineering

A comprehensive modeling capacity, for dynamic
and static aspects

The assembly description capacity, with structured
classes, parts, ports & connector

An enhanced activity diagram capacity, that covers
IDEFO capacities

An extension mechanism (profiles) that allows
adapting UML for System engineering purposes
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The SysML diagrams

SwsML Diagrarm

= |
Bahavior I Foegqui rement (] Struciiire
Diag ram : Diagram Diagram
Activity Seguence State Machine Use Case Elock Definition Internal Block Fackage
Diagrarmn Diagram Diagram Disgram Diagram Diag ram Diagrarm
T |
| Pammetric I
1 Dvimg i |

Same as UML 2

Modified from UML 2
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SysML diagrams : first examples

Bloc definition
diagram Internal Bloc

SE & SysML diagram

SySM L / U M L2 1 L] St r u Ctu re sl ABS_AdivaionSeguence [Seguence Diagrsmu 2 = B e h av i 0 r

: bdd[uack'age] VehideStucture [ABS-Block Deﬁmtm"}{lagmm: b FicTradion [Sia:ﬁDiagra'“y interaction
Diagrams e wbfocks
Library:: ublochks Librfry::Elec act PreventLockup [Activity Diagram] ) state
Electronic g"':‘mofk t ydraulic N
o) k D Processor ez Valve machine
ackage D. ibd [flock] Anti-Locke o:'.'frcllerJ
a1 [Intefnal Block Diagram] activity.-'
“Hlocks —— :Modlulat function
BIOC D Er;gil:’lr |: dk;r::tg?" Bmkil‘gF’D::e
cl:

Parametrics definition use
ACtiVity D_ req [padkage] VehicleSpedfications _____________________.IhJ
[Reguirements Diagram - Braking Reguirements]
A par [constraintBlock] StraightLineVehicleDynamics [Pammetric Diag ram]/J
1 Vehicle System Braking 5ubsystem tf tt: bt m:
AI Iocatlon Specification Specification
u{:%mlrﬁ «DDE;'HI:»
:BrakingF orce £ :Acceleration
- wrequirements arequirements Equation O £ m Equaton
Requl rement D StoppingDistance Anti-LockPerformance [f= @rbf(1-t] F: [F = m*a]
. S . S o I
ig="102 - < =
text= Thae vehicle shall siop text="Braking subsystem shall a .
- from 80 miph within 150 ft pravert whesl lodeun under 2l
Concluslon on & clesn dry surface braking conditions
3 T wconstraints - wconstraints
! :DistanceE quation [ M :VelocityE quation
| I [v = dxdat] v [a = dwidt]
: wderiveRegte J \ n / \ /
x

3. Requirements 4. Parametrics
+Package & Use Case diagrams
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Package diagrams

® Package diagram is used to organize the model

= Groups model elements into a name space
= Often represented in tool browser

= Supports model configuration management (check-in/out)

® Model can be organized in multiple ways

= By System hierarchy (e.g., enterprise, system, component)
= By domain (e.g., requirements, use cases, behavior)
= Use viewpoints to augment model organization

® Import relationship reduces need for fully qualified
name (packagel::classl)
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UML2 structured classes for modeling the assembly of components

Design autonomous component
Reuse on the shelf components
Assemble them within different contexts

Define the assembly points, and the contracts
between the components

Preserve component autonomousity while
assembled
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UML2.0/SysML — Modeling architecture and assembly

SE & SysML
<<block>> <<b|0ck>>_
SysML / UML2 Port2 - USB Graphic
_ PC card
Diagrams Pins : VGA
| Portl: VGA ]

Package D.
Bloc D.

Parametrics

<<block>> @] |

Activity D.
- . Portl : viuec
Allocation Vldeo PrOj

Requirement D. | Port2 : VGA

Conclusion

How can a video projection session be modeled
by assembling these elements?
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13th
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UML2.0 — Modeling arc

hitecture and assembly

<<block>>

Video Session

MyPC:PC

ol
:Graphic card

<<delegate>>

Pins : VGA

= |
Port2 : USB

Portl : VGA

VideoMOA:VideoPro|

s

Portl : video

Poit2 : VGA
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The Block notion

Describes the structure of an element or system:
¢ System

® Hardware

¢ Software

® Data

® Procedure

® Facility

® Person

® Multiple standard compartments can describe the block characteristics

= Properties (parts, references, values, ports)

= Operations

= Constraints

= Allocations from/to other model elements (e.g. activities)
= Requirements the block satisfies

= User defined compartments

«block»
BrakeModulator

=]

allocatedFrom «

«activity»Modulate
BrakingForce

values
DutyCycle: Percentage
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Properties of a block

o
SE & SysMIL Part property, typed by a block

= Usage of a block in the context of the enclosing (composite) block
SysML / UML2

: = Example - right-front:wheel
Diagrams

package D. ® Reference property, typed by a block

Bloc D = A part that is not owned by the enclosing block (not composition)

: = Example - logical interface between 2 parts
Parametrics

® Value property, typed by value type

Activity D.

Allocation = Defines a value with units, dimensions, and probability distribution

Requirement D. = Example:

Conclusion = Non-distributed value: tirePressure:psi=30

= Distributed value: «uniform» {min=28,max=32} tirePressure:psi
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Block definition diagrams

SE & SysML

SysML / UML2

SIELETS ® Describes the relationship among blocks
Package D. (e.g., composition, association,
Bl0c . classification)

Parametrics ® Specifies the types of blocks that can be
Activity D. reused in different contexts

Aoson ® Describes the system hierarchy and
Requirement D. system/component classifications.

Conclusion
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Block definition diagram - Example

bdd [package] VehicleStructure [Overall Structure]/

«block»
Vehicle

BrakingSystem

«block»

/

ablock»
Chassis

4

«block»
Rotor

ablock»
Anti-Lock
Controller

hub 4
Lo\
«block» «block»
HubAssy Tire

-\.‘_\_\

hmhxhhd < t
s1—=

«block» ablock» «blocky
Traction Brake Sensor
Detector Modulator

Shared integration : will

become a reference

|

SDL Forum'07




SysML Ports

S © Specifies interaction points on blocks and
SysML / UML2 parts

Diagrams

® Kinds of ports

Package D.

Teals) = Standard (UML) Port

Parametrics = Specifies a set of required or provided operations
Activity D. and/or signals

Allocation = Typed by an UML interface

Requirement D. = Flow Port

Conclusion

= Specifies what can flow in or out of block/part

= Typed by a flow specification




Internal Block diagrams

SE & SysML
SysML / UML2

Diagrams

package D. ® Internal block diagram describes the internal
) structure of a block in terms of its properties
Parametrics and connectors

Activity D.

® This structure of a block is described In
terms of its parts, ports, and connectors.

Allocation

Requirement D.

Conclusion
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Internal Block diagram - Example

ibd [blockl Anti-LockController
rnmal Block Diagram] /

Enclosing —
Block

Connector

c1:

d1:Traction

c2: Detector
m1:Brake

= Modulator

Reference
_— Property

— Item Flow

- Part

\“\_
Port

SDL Forum'07



Internal Block diagram : Security system example

SE & SysML

SysML / UML2

H I
Diagrams ibd [subsystem]Entry/Exit Sut:systemJ

Package D.

|:}:_D00r.I[| Pt :_ m+n|: SensedEnt «logical» I
Bloc D. | «logical» _ ; _
| - Entry Sensor | - Entry/Exit Monitor

Parametrics : Door Input | o _
C Entry/Exat Alert Status
- Windo Y

W Input

Activity D.

«logical»
Allocation . - Event Monitor
BN «logical» _
E‘ﬂ > | - Exit Sensor | | ; - Alert E:atus
; «store»
Requirement D. G _| || - Event Log
e

Conclusion [
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Parametrics

Used to express constraints (equations) between value
properties

= Provides support for engineering analysis (e.g., performance, reliability)
= Facilitates identification of critical performance properties
Constraint block captures equations
= Expression language can be formal (e.g., MathML, OCL) or informal
= analysis tool related to the equation language can compute them

Parametric diagram represents the usage of the constraints in
an analysis context

= Binding of constraint usage to value properties of blocks (e.g.,vehicle
mass bound to F=m x a)
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Constraint expressions

This constraint applies to a
block, and reuses a set of
predefined constraints

bdd [package] Analysis [Parametric Diagramy

weonstraints v ublocks
StraightLineVehicle VehicleStructure
Dynamics ::Vehicle
el a2 e3 ed
Y / \
weonstraints aConstraints eConstraints weonstraints
BrakingForceEquation AccelerationEquation VelocityEquation DistanceEquation

constraints constraints constraints constraints
{f = {tFbfy*(1-1)} {F =m™a} {a = dw/dt} v = d¥idt}

parameters parameters parameters parameters
f-force F:force a-acceleration v-velocity
tf-force m:mass vovelocity x:position
bf-force a:acceleration t:time ttime
fl:loss
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Parametric diagram

|
par [constraintBlock] StraightLingVehicleDynamics [Parametriy@ﬂi

Binding of constraint usage
to value properties of blocks

4

d

v.chassis.tire. v.brake.abs.m1. v.brake rotor. v.mass:
friction: duty_cycle: braking_force: . :
tf: il bf: m:
L
(/f :{conéaraint» I_f\\ f/ «coné_flraintn \u
e1:BrakingForce f: e2:Acceleration
Equation F Equation
[f = (tF*bf)*( 1-th)] ' [F =m"a]
L J L [ y
ar
a
/’
«constraint» v wconstraint»
ed:DistanceEquation el :Velacita(Eguation
[v = dx/dt v [a = dv/dt]
N /
X
v.position:
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Activity diagrams

act Examplﬁ,
SE & SysML .
Input Action .
SysML / UML2 N\ I N —
al I_ N R ———
Diagrarms e L S
alo IF‘II = '
Package D.
a2l
Bloc D. \
azo
Parametrics OUtPUtS
Activity D. /
Allocation
_ ®
Requirement D.
Conclusion SysML extensions :

® support for continuous flow modelling
® Notions of control as a kind of flow
® Probabilities on edges and parameters
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Actions & Flows : detalls

Control Input

v

_ " Action 4 _
optionalinput : type |: |. optionalOutput © type
requiredinput | type requiredOltput | type
\ i y
Control Output !
A

Two types of Flow :
= Object/Data
= Control

Action execution begins when all tokens are available on control
inputs and required input parameters.

Streaming inputs and outputs continues to be consumed &
produced while the action is running
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Continuous flows —representing physical processes

act [activity] Distillvater [Simultansous — no conirol ﬂnvﬂ)

when activity is enabled

Actions are enabled by default

e Tl T e T s T e T s T e s . s e s e s e e e e e e T e R e Wl e

N A >
Accept Event Action/

;f
acontinuouss I
CcoldDiryH2O «CONCNUOUSD
Niquid] ateam:H20
_ [gas]
| woontinuouss
rewered:H eat
1
ftream
: ai.CondesnzeSieam [
I ¥ scontinuouzs
hotDirtyH 20
| [iqud]
SRS
erna.nea l ShutDowen
Will Terminate Execution

Continuous flow means ATime
between tokens approaches zero

Continuous Flow

\'l acontinuousx
| |oP rezz:Residus

econtinuouss
hiPrese:Residus

a4:0rainFesdue

acontinuouss
pure:H20
liquid]

aZ Boil\Vater

/
Intertuptible
Region
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Allocation — Using swimlanes

act PreventLockup [Swimlane Diagram])

gallocates
d1:TractionDetector

wallocates
m1:BrakeModulator

2

—_——_——————— — —

—_ - — —

"\lf tl:TractLoss
3
al:DetectLossOf ]
Traction
N S

L o —— =

W
objFlow a2:Modulate
. BrakingForce
tl: TractLoss\_ /

allocatedTo AN
«connectors cl:

® Explicit allocation of structure to behavior
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Other UML dynamic diagrams used in SysML

SE & SysML

SysML / UML2

Diagrams

Package D. ® Interaction diagrams (sequence)

slocD. = Timing, interaction overview and communication diagram are
Parametrics excluded

Activity D. ¢ State machine diagrams

Allocation ® Use Case diagram

Requirement D.

Conclusion
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Allocation

Represent general relationships that map one model element to
another

Different types of allocation are:

= Behavioral (i.e., function to component)
= Structural (i.e., logical to physical)
= Software to Hardware

Explicit allocation of activities to structure via swimlanes (i.e.,
activity partitions)

Both graphical and tabular representations are specified

-5 Element
ublocky T Name2
BlockName allocatedFrom Element | .--~ wallocates
awelementTypexElementName Name1 |
“7---.«allocate» £l .
el emen
PartName > Elemen
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Allocation — Example : software to hardware allocation

ibd [node] SF HEEidE-I'IEEJ

]
SE & SysML i
. 2
E shardwares ehardwares whardwares _H_|
SysML / UML2 d + : Optical Sensor e b — . Alarm B
Diagrams i
whardwares
e Lo
Package D. : Site Processor E_EIE whardwares
allocatedFrom : HW Hul [A— shardwares =
Bloc D asofiwares Device Mgr NlocatedFrom - D50 Modem
: asofiwarss: Event Mgr ;
ssoftware. Site Config Mgr wsoftwares %Eumm P
. . A
Parametri asofiwares Site RDBMS
arametrics asofiwares Site Status Mgr
asofiwares User F ! —_— >
i asofiwars: User Valid Mgr #NAMCWEre =
Activity D. ' " ° : DVD-ROM Drive
. ? allocatedFrom
| adatas Video File
Allocation o datax Video Fil
@ zhardwares
Requirement D. «hardwares : User Console
: Site Hard Disk
Conclusion allocatedFrom
wdatas Site Database

#

® Used instead of deployment diagrams (artifacts
allocated to nodes)
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Requirement modeling

® The «requirement» stereotype represents a text based
requirement

= Includes id and text properties

= Can add user defined properties such as verification
method

= Can add user defined requirements categories (e.g.,
functional, interface, performance)

® Requirements hierarchy describes requirements
contained in a specification

® Requirements relationships include DeriveReqt, Satisfy,
Verify, Refine, Trace, Copy
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Requirements - examples

req [package] HEUWVReguirements [HSLUW Ep-&q:iﬂﬁatinn]/J

[ ]
HE U\ Specification
b v b v

RefinedBy
sugsaCaszer HSUVUzeCazses Accelerate

araquirements
Eco-Friendliness

= 5]

arequirements

wFR U PR RS
Braking

wrequirements
Emissions

Id="R1.2.1"
text = "The vehicle shall maeat Ultra-Low

Emissions Vehicle standards.”

Performance
St JI-' wre unram;antw
|r - 3
! A )
1 . !
i uden:ly'eﬁeqtu i
! -
i r |
2" '
wrRuUiFRmRNTS wrRL PR TR DTS ,l
FuelEconomy Acceleration ;
I
_I" ']
; |
i I
ﬂ'lr |I
Varifiad By SatizfiadBy
stestCazes MaxAcceleration «blocks Powersubsystem
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Connections between te SysML model elements (summary)

2. Behavior

1. Structure

ibd [blxcl] AntillockCesntrollar
[internal Block Ciagram)

aot Pewen L oclup [Bwimlane Cisgram]

d ﬂ:ﬂ:tbnmmn‘ /
allgh ated From

wgttons af Depeciic -+
— 2 chion

ate

a\\0C
- J
s m1:BrakeModulaber
"allocatedFrom
e %ll;ciajf dal.::mm::_ atz A
: Bratang Foros

value

= Percantage 'W

af: Oetectl oes OF
Traction

22 Modulate
L EratingForce

par [concrain okt] Btrzigh i neVakickDynamics [Parama ric Di:.g'r:.n":/J

req jpacbEga] ¥aticeS pafiimtons
[Reqwirements Dizgram - :ia cing Requirsmens]

v ihassis tire. \l w.brakeabs m1.

w.brake rofor.

VMass:

Vehicla Byctam
Specification

Braking Subsyctam
§ pecification

arggquiren ents \
ItoppingDistz noe

s FEqUIirements
Anti-LockPerformantce

oo
"

Ert="Th=

f

idi=" 102 \ o'
il - - - q . 5
s a e vEY

Triction: duty_cyche: brzk ing_lonce:
i | m:

sCOEIr2ints aconetraints

:BrmkingForce Accekrstion
Equation Equation
[f= (D= (i-1] [F=ms]

Verifie By

T Er2Cliose Wininmem3iopp

SatisfiedBy

ab oSk Anti-Lo cConirslisr

ingDi=t=noc= T\N

| - ::...-ﬂ__-q h\ﬂ _ry___‘.’l.. w.paaition:

a

coons traints aponstraints
:DistanceEquation ‘W elocityE ouat ion
[w= dooid] [z =dwdt]
n vy
x

3. Requirements (Vi@ mteraction)

4. Parametrics
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SysML - Conclusion

SE & SysML
SysML / UML2
Di : .
e * Highly expected standard, quite well accepted
Package D. _ - .
SloeD ® Still need to prove its generalised acceptance and
usage
Parametrics
Activity D. ® Uses many new UMLZ2 features
glectol ® Tools are ready to use (extension of UML Case

Requirement D. TOOIS)

Conclusion
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