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SysML diagrams

Software Engineering
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SysML 1.6 diagrams T8
class SysML Copyright ® 20062008 by Object Management Group.
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SysML structure diagrams

VLYY
r N A
Software Engineering

<> Package
< Block Definition

< Internal Block

class SysML

Dizgrane

A

: |
¢ P a ra m etrl C Structure Diggran Requiremen

A Diagram
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Package Diagrams (pkg)

<-Same as UML

= to organize the model
" name space

<>Model can be organized in multiple ways:

= System hierarchy
* e.g., enterprise, system, component
= Diagram kind
* e.g., requirements, use cases, behavior
= Use viewpoints to augment model organization
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Package diagram: organizing model

pkg SampleModel [by diagram type]

Use Cases

Requirements

Behavior

Structure

EngrAnalysis

pkg SampleModel [by levell )

By Diagram Type

[ ]

Enterprise

[ ]

System

Logical Design

[

Physical
Design

Verification

By Hierarchy




Packages

Software Engineering

The sample problem describes the use of SysML as it applies to the
development of an automobile, in particular a Hybrid gas/electric powered
Sport Utility Vehicle (SUV).

pkg [Package] HSUV Modeu

HSUV Behavior HSUV Structure HSUV
Requirements
P [S2] [S2] ]
HSUV Interfaces ¥
DeliverPower «domain» HSUV Specification

Be havior Automotive Domain

parts
HSWV : HybridSUV
vehicleCargo : Baggage
drivingConditions : Environment

< P e Gl «requirement»
: Passenger 2 Performance
: Maintainer
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Establishing Top Level Use Cases for the Hybrid SUV (UC Diagram)

V.
AL GAN

Software Engineering

uc [Package] HSUVUseCase [ Establishing Top Level Use Cases for the Hybrid SUV (Use Case Diagram)JJ

Hybrid SUV

L
S

Insure the vehicle Insuran:ce C:om pany
\
RegisteredOwner
Register the vehicle Department Of Motor Vehicle

Maintainer Maintain the vehicle
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Establishing Operational Use Cases for “Drive the Vehicle”

uc [Package] HSUVUseCase [ Establishing Operational Use Cases for “Drive the Vehicle” (Use Case Diagram) JJ

Driver

Hybrid SUV

Start the vehicle

\
\

«extend» —
-

-
-
-
s i «include»
Drive the vehicle —— — Accelerate
——
S
B «include»
S
=~
«include»\

~

incl
__«incl udi» Brake

il
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Requirement Relationships (Requirements Diagram)

: L VAR VIR
s A A )
Software Engineering

req [Package] HSUVRequirements [ Acceleration Requirement Relationships (Requirements Diagram)JJ

«requirement»

) Acceleration
«refine» _ — >

€ —

«deriveReqt»

\ «verify»

4
7 3
«requirement» «testCase»
Power Max Acceleration
«satisfy»
-
«block»
PowerSubsystem
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Blocks

<> Blocks are modular units of system description. Each
block defines a collection of features to describe a
system or other element of interest.

<> These may include both structural and behavioral
features, such as properties and operations, to represent
the state of the system and behavior that the system
may exhibit.

<> Blocks provide a general-purpose capability to model
systems as trees of modular components.

<> The specific kinds of components, and connections
between them, can all be selected according to the goals
of a particular system model

11
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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 ]J

<<hlock=>

Library::
Electronic
Processor

<<hlock=>

Anti-Lock
Controller

\d1

/

-

<<hlock=>

Library::
Electro-
Hydraulic Valve

/

<<block=>

Traction
Detector

=<block=>

Brake
Modulator

Copyright © 2008-2008 by Object Management Group.

«block:

[ «blocks
[ ) Radio |

e

11
«hlocks

€ Processor

1

€ Antenna |

1

whlocks

3 MobileSensor |

1@
PhysicalStructure
1
1] ablocks = ' ablocks
"*”’1 D MSPlatform ,‘I L @) Battery |
P
[ dblocks | L ablocks 1| «blocks
D Mote | D RAM @ Flash |
[ ((i"]i‘DEk‘))
€9 Memory
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Block Definition Diagrams (bdd)

\ A

e \ AN/
Software Engineering

¢ Compa rtments = *BlockExample.sysmlidi 52

/NTIE-SYSML/Models/BlockExample.sysmldi

= Properties [y Select

i Marquee = bdd !asxtao=l Bb:tEumehlBthMmohl)

= Operations ‘;bie:ts Z
— BlocC

= Constraints ;onitr:im %ck
@] Block Prope

= Allocations EXoperty
& Operation

n Requ”'ements {j} Constraint <<block>>
L Standard port TempSensor

@ Flow Port + whr

2 Interface

m User defined! @ Flow Speciﬁcation

&4 Flow Property

% Actor

Datatype

% Value Type

& Unit

Dimension

(€] Enumeration

Enumeration Literal




Using BDD to Define the Automotive Domain

bdd [Package] HSUV Structure [ Automotive Domain Breakdow n JJ

«domain»
AutomotiveDomain

owned behaviors

Driver

DriveBlackBox
StartVehicleBlackBox
'
HSUV vehicleCargo drivingConditions
«system» «external» «external»
HybridSUV Baggage Environment
Maintainer  Passenger Y
]
w eather 1..* |object 1..* |road
«external» «external» «external»
Weather ExternalObject Road

14
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Vehicle decomposition

bdd [Package] [ Vehicle decorrpositionJJ
Vehicle
chs ‘1 eng l1
Chassis Assembly Engine
w 14 rb J0..1 cyl |4..8
Wheel RollBar Cylinder
P
b |6..10 |
LugBolt HeavyRollBar LightRollBar

15



Defining Structure of the Hybrid SUV System

bed [Hock] AutomotheDomain [HybridSUV Breskdowr] |

P bk o | ! "
PowerSubsystem | l BrakeSub system BodySubsystem IMerorSubsystem | | LightingSubsystem  ChassisSubsytem
e \\ 2} |4
wlationakes .
BrakePedal 2 wheel drive i the only way to get ‘—‘ WhesiHub Ass ety
acceptable fusl economy . even though it
| imks off-road capabdty

16




Defining the structure of the Power Subsystem

bdd HSUV Structure [ Defining Structure of Pow er Subsystem (Block Definition Diagram) )J
0.1
Pow erSubsystem f——
— e
0.1 0.1 WheelHubAssembly
bkp |1 bp pcu epc fw |1 rfw |1
BrakePedal BatteryPack Pow erControlUnit BectricalPow erController FrontWheel
acl ft ice emg dif
Accelerator FuelTankAssembly InternalCombustionEngine BectricMotorGenerator 2 .
Differential
'
0.1
fp fi |4 trsm
Fuel FuelPump Fuelinjector Transmission

17



Block properties

* Property is a structural feature of a block Part property

aka. part (typed by a block)Usage of a block in the context of the
enclosing (composite) block

= Reference property (typed by a block) A part that is not owned
by the enclosing block (not composition)

« Example — aggregation of components into logical subsystem

= Value property (typed by value type) A quantifiable property with
units, dimensions, and probability distribution
— Example Non-distributed value: tirePressure:psi=30
— Distributed value: «uniform»{min=28,max=32} tirePressure:psi

18
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Blocks

Block1

Namespace

«block»
Block1
{isEncapsulated}

«block»

Block3

«block»
Block2

constraints

{x>y}

parts
property1 : Block1
property2 : Block2{subsets property 1}
prop3 : Block3{redefines property0}

«block»
Block1

properties

property6 : Block4

references
«connector» ¢1 : Association1
«connector» ¢2 : Association2

p1:Type1 w p2:Type2
p3 : Type3 ﬂ p4: Typed
|

c2:Association2

references
property4 : Block1 [0..*){ordered}
property5 : Block2 [1..5){subsets property4,nonunique}
\prop6 : Block3{union}

values
property7 : Integer = 99{readOnly}
property8 : Real = 10.0
prop9 : Boolean{redefines property00}

operations
op4() . .
operation2( q1 : Type1 ) : Type3{redefines operation2}
operation1( p1: Type1 ) : Type2

signal receptions
Activate()
Notify( message : String )
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Wheel hub assembly example

Software Englneermg

bdd [ Wheel Package |

L' WheelHubAssembly
t
0.1 r L.
values
WheslAssembly tireSpecification : String bead e
W heel valkes operations 0.1 2
1 |inflationPressure : psi F.J mountTire() 1
PressureSeat
1

Wheel rim TireMountingRim

w values 0.1 2

daimter : mm v
1 |width: mm - InflationVaive
weight [~ petanceWeight
1 0.6

WirelessTirePressureMonitor
operations LugBoitMountingHole

transmitFressure() _._)."'“"""9'“' e

5  |wgBoltSize : mm
1 mountingHole
lugBoltJoints 0.1
Hub LugBoltThreadedHole LugBoltJoint
hub h vaives threadedHole values
1 0.1 5 |lugBoktSize : mm 5 0.1 |{urikorme forgue : -bimax = 86.0, win = 75.0}
threadSize : mm boltTension : Ib

20




Using Blocks

<> Based on UML Class from UML Composite Structure
Supports unique features (e.g., flow ports, value
properties)

<> Block definition diagram describes the relationship
among blocks (e.g., composition, association,
specialization)

< Internal block diagram describes the internal structure of
a block in terms of its properties and connectors

<> Behavior can be allocated to blocks

21
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Internal block diagrams

< The Internal Block Diagram in SysML captures the
Internal structure of a block in terms of properties and
connectors between properties.

<> A block can include properties to specify its values,
parts, and references to other blocks.

<> Ports are a special class of property used to specify
allowable types of interactions between blocks,

ibd [ Block1 JJ

p1 :Type1 c1:al p3

p2:Type2

22
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Internal Structure of Hybrid SUV (Internal Block Diagram)

'V |
L NTA A TR
Software Engineering

ibd [Block] HybridSUV J
b : BodySubsystem b-i i :InteriorSubsystem
b-c
b- |
c:ChassisSubsystem c-bk bk : BrakeSubsystem bk-1 | : LightingSubsystem
p-C
p : PowerSubsystem p-bk

23



SysML ports w%/

sl NTA A L
Software Engineering

< Specifies interaction points on blocks and parts

= |ntegrates behavior with structure
= portName:TypeName

< Kinds of ports
» Standard (UML) Port

» Specifies a set of required or provided operations and/or signals
» Typed by a UML interface

= Flow Port

» Specifies what can flow in or out of block/part
» Typed by a block, value type, or flow specification
» Atomic, non-atomic, and conjugate variations

24
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SysML ports

provided interface
(provides the operations)
Standard
Port part1: EJJV'“ %J part2:
required interface

(calls the operations)

Flow Port
Flow partl: = —» =  part2:
Port /

item flow

25
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Delegation Through Ports

| W

— <
Software

N
Engine

<> Delegation can be used to preserve

encapsulation of block (black box vs ibd [block]BIock1[delegation]J
white box)

< Interactions at outer ports of Block1
are delegated to ports of child parts Child1:

< Ports must match (same kind, type,
direction, etc.)

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

B B Child2:

26
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SysML Ports (delegation)

<> to preserve encapsulation of

block ibd [block]Block1[delegation])

<> Interactions at outer ports are
delegated to ports of child parts %

Child1:

< ports must match

= same kind, type, direction, etc.

<> connectors can cross boundary B S
without requiring ports at each
level of nested hierarchy

Copyright ® 2006-2008 by Object Management Group.
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SysML Ports (cont.)

b SysML [SysML] } R A LA P SR MO L
= Standard
part1; (& part2:
= Flow
part1: vl
partz;
pm &
aitamF o

28



SysML Ports (e.g.)

L

» Software Englneerlng

ibd: [block] Distiller [DistillarBlockDiagram— With Cl:-ntm:-llar;J

Hydraulique Flux

IT1
4

= £
i HE
g > - L =
i H&D mi—]: H2O =1 - 2] Nasidus aF Nasidus
[} B LI 1 m 1 .- .IIJI Ir- i
N signal
hxiHaatExchanger feedtWValve draimfalve
0 = "
RHEIC bl Waive™ |
i oy
Electric Flux
g —1 =
i HI0 E
o
=

/_\ :
J n-l: F.Dmr

udnntrolPanes

L

PN

hgic Inte.r;ta. J“E

vl finntrallar

Tﬁl'wfahrﬂ

' |F|nwnr |F|nwnr
-
-~
ILamp ILamp J
Copyright @ 2006-2008 by Object Management Group.
TS——
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Block Definition vs. Usage

Block Definition Diagram (BDD)

B Describes the relationships
among blocks (compositions,
generalisations...)

B Block is a definition/type

Captures properties, etc.
B Reused in multiple contexts

bdd [package] VehicleStructure [ABS-Block Definition Diagram]
ublocks
2 blocks
Library:: s
Electronic g‘:::t'l'j;:;
Processor
4
A $
di | m s1
W
1 = Y =
ablocks ublocks
block
Traction Brake “SE“Q:
Detector Modulator

Copyright @ 2006-2008 by Object Management Group.

Internal Block Diagram
(IBD)

B Describes the internal structure
of a block, through parts, ports
and connectors.

W Partis the usage of a block in the
context of a composing block

B Also known as a role

ibd [block] Anti-LockController
[Internal Block Diagram]

— ] s1:Sensor |
c2:sensor I
Interfface | T T—~

d1:Traction
4% Detector
c1:modulator
Interface
HL_I m1:Brake
Modulator

Copyright © 2006-2008 by Object Management Group. 3 O
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Internal block diagram

Software Engineering

ibd [Eﬂloc@'.&nti-Lock Controller [ kem Flow ])
Enclosing —
Block
cZ: ‘l_ d1 : Traction
Detector
Connector//
/" activate | Svdc
e m1 : Brake
Item Flow ‘_F'L Modulator
X

%
Port Part

31
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Internal Block Diagram (ibd)

Software Engineering

Copyright @ 2006-2008 by Object Management Group.

ibd [b_!gg_l_f,},ﬁ.nti-Lnckcnntrnller Reference

[Internal Block Diagram " -
Enclosing — { gram] 'd S P _Fruperty
Block c2:sensor 77 - (in, but not of)

Interface —Fil s1:Sensor |

e I -
Y = Item Flow

4[3 d1:Traction

c1:modulator | D tect -
Interface . 4|$‘ enel Sy
_.-"'d-----f---d-- 9 ‘ -\-.--\-- "\-\.__
Connector — = m1:Erake
T Modulator " Port
. / ’bS\m‘:bIock» bt '/4
“Rotor AntiLock b Asey

32



Internal Structure of the Power Subsystem (Internal Block
Diagram)

ibd [Biock] Pow erSubsystem[ Internal Structure of the Pow er Subsystem (Internal Block Diagram) JJ

bp : BatteryPack bp-epc epc : Bectricalow erController | 12 : BectricCurrent l emg : BectricMotorGenerator
i1 : BectricCurrent =1

|_EPCData I_IEPCCmd | TRSMCmd | rfw ;_anw‘ee,m _| :]
acl: Accelerator | I

c3 ctrl L] [

: . ; - - - -
c trsm : Transmission spline .
12 : Torque
| IBPCCmd | IBPCData I'f'l

ackecu

rightHalf Shaft

peu : Pow erControlUnit
trsm

ice ; InternalCombustionEngine

i fi ; Fuelinjector [4] wsm a

|
kd

bkp-ecu |_ICEData [%] 1 Torque-—  d : Differential
| | ICECmds |ICEData al s ';I-' -

_____ fdist
" bkp : BrakePudal [1] | N \ )
i i) e JeftHalf Shaft
Pokt : ICEFuelFitting
ft ; FuelTankAssembly wcomments
. e e
: | «blocks | [:]
fuelDelivery | Mw : FrontWheel [1]

fuelReturn . Fuel fuelSupply  Fuel = = = —— — — 1]

33



Parametric Diagrams (par)

<> To express constraints between property values

= Constraints are expressed with equations
= Used to support engineering analysis

<> 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

» Binding of constraint parameters to value properties of blocks
(e.g., vehicle mass bound to parameter ‘m’ in F=m X a)

34
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Block Definition Diagram

bdd [Package] Analysis[ Analysis Context U
=<=block=>
<<block=> | St::'lzlo'ntc‘:.?;e i clk Clock
Vehicle raight Line values
Vehicle Dynamics time : sec{unit = Second, dimension = Time}
el
zzconstraints» ed <<constraint=>
Braking Force Equation Distance Equation
{f=(tf*f)*(1-t0} -
paameters parameters
f : N{unit = Newton, dimension = Force} v . misec{unit = MeterPerSecond, dimension = Velocity}
tf - N{unit = Newton, dimension = Force} x : m{unit = Meter, dimension = Length}
bf : N{unit = Newton, dimension = Force} t\: sec{unit = Second, dimension = Time}
th: %
e2 e3
=zconstraint=> =z=constraint==
Acceleration Equation Velocity Equation
{f=m*a} {a=dvidt}
parameters parameters
f : N{unit = Newton, dimension = Force} a: misec”2{unit = MeterPerSecondSquared, dimension = Acceleration}
m : Kg{unit = Kilogram, dimension = Mass} v . misec{unit = MeterPerSecond, dimension = Velocity}
a: misec”2{unit = MeterPerSecondSquared, dimension = Acceleration} t : sec{unit = Second, dimension = Time} s e i

35
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Parametrics (e.g. 1)

Soﬁ:ware Englneermg

par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagramy

v.chassis.tire. v.brake.abs.m1. v.brake.rotor. Weiaht:
Friction: DutyCycle: BrakingForce: V. IeIgnL
i |t bf: m:
o LI L

:Accelleration
Equation
{F = m*a}

1

a.

/

]

L9

E ‘VelocityEquation
{a = dv/dt}

Copyright ® 2006-2008 by Object Management Group.

:BrakingForce f:
Equation
{f = (tF*bf)*(1-11)}

C
J
:DistanceEquation
{v = dx/dt}

v.Position:

e

36



Exercise: Newton’s world

< Given the bdd Newton’s world and constraints, build the

pa ral | |etr|C C |ag ra| | | bdd [package] Constraint library [Newton's world] )
bdd [package] Newton's Worky «block> «constraint» «constraint» «constraint»
Apple Mass relationship| | Newton’s law Potential energy
dIVS;unis“y constraints constraints constraints
v: Volume {m=v"d} {f=m*a} {E=f*h}
+apples /\ * parameters parameters parameters
m: Mass f: Force f: Force
+newton’s v: Volume m: Mass h: Height
tree d: Density a: Acceleration
«block» «block»
Planet 0.1 Apple tree
values +lrees values
gravitation: acceleration height:Length

+trees | 0..1

+personundertree | 0..1
«block»
Human

values
impact: Energy

37



Exercise: Newton’s world

bdd [package] Newton's world) «block»
Apple
values
d: Density
v: Volume
+apples /\ *
e b par [block] Newton’s world )
«block» e «block» Apple
Planet 01 Apple tree Tree.height
values +trees values
gravitation: acceleration +| height:Length h:
+trees | 0..1 = l
E:
+personundertree | 0..1 Human.impact pE:Potential energy
«block»
Human [ ]
values I;
ilnand S «constraint» f:
mb:Mass relationship
bdd [package] Constraint library [Newton's world] ) [ gN:Newton’s law
[1 [1 .
«constraint» «constraint» «constraint» Vi a: a
Mass relationship| | Newton’s law Potential energy ’
constraints constraints constraints
{m=v*d} {f=m*a} {(E=f*h}
parameters parameters parameters Apple.volume Apple.density || Planet.gravitation
m: Mass f: Force f: Force
v: Volume m: Mass h: Height
d: Density a: Acceleration

38




Exercise: Newton’s world

bdd [package] Newton's world) «block»
Apple
values
d: Density
v: Volume
+apples /\ *
fnaaa: par [block] Newton’s world ) Constraint
tree
«block» «block»
Planet 01 |__Apple tree Block value Value property node
values o +treeEs values bindin
gravitation: acceleration +| height:Length g h:
+trees [ 0..1 - '
E:
+personundertree | 0..1 Human.impact pE:Potential energy
«block»
Human [
values I;
ilnand S «constraint» f:
mb:Mass relationship ]
bdd [package] Constraint library [Newton's world] ) [ gN:Newton’s law
[ [1 .
«constraint» «constraint» «constraint» Vi a: p
Mass relationship| | Newton’s law Potential energy ’
constraints constraints constraints
{m=v*d} {f=m*a} {(E=f*h}
parameters parameters parameters Apple.volume Apple.density || Planet.gravitation
m: Mass f: Force f: Force
v: Volume m: Mass h: Height
d: Density a: Acceleration

39



SysML cross-cutting constructs: Allocation

<> General relationship between two model elements

<~ Different kinds of allocation:

= Functionality - component
= | ogical component — physical component
= Software — hardware

<> Usable in a lot of different diagrams

<> Usable under graphical or tabular representation

40
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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 swim lanes
(i.e., activity partitions)

<> Both graphical and tabular representations are specified

41
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Allocation representations

«allocate»

Element part name : Element Name
7| Name2

-
-
-
-
-
-
-

Element r~ action name :
Name1 Activity Name

““““““ Element
"= Name3

«block»
Block Name «block»
Block Name allocatedFrom
«elementType»Element Name
part name e
allocatedFrom Ll
«elementType» ElementName

Compartment Notation Callout Notation
Read as follows: “part name has constraints that are allocated to/from an <<element type>> Element Name”

42
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Blocks and allocations

«block» Compartment
BrakeModulator |~ Label

allocatedFrom
«activity»Modulate
BrakingForce

values
DutyCycle Percentage

43
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Allocation (e.g.)

< Use of swimlanes act PreventLockup [Actvity Dsgram] )

DetectLossOf
b Traction

Modulate

TractionLoss: BrakingForce

act PreveniLockup [Swimlane Diagram])

«alocates callocates
‘TractionDetector BrakeModulator

DetectLossOf
Traction

Modulate

Trmsaltcmn]. o BrakingForce

*

allocatedTo R
sconnectorsc 1:modulatorinterface

44
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Cross-connecting elements

1. Structure 2. e Engineering

Copyright © 2006-2008 by Object Managr Group.

act PreventLockup [Swimiane D%h avi or

<« 3iocater <370C3E>
d1:TractonDetecor gt d2:8rakeMcd ulator

satisfes
srequirements

[Inermal Block Diagram]

ibd [block] Anti-LockContradier J‘

p®

par

es\\oc’a‘“a

s a2:Modulate
= BrakingForce
T Tractposs

lloc ated From — i —_—— —

;a:t ons 32: Modulate »
Braking Force l w R —
Va Ue TallocatedTo —

DutyCyde: Percentage bindin par [Block] Straight Line Vehcle Cynanics [ Valle Bindings ] )

I 'satisf

req jpackage] VehicieSpe§iggons )

[Requirements Diagram - Sraing Requirements]

atl:DetectLossOf
Traction

aLIocate_cF rom |§

cUDjeCtriows

ow 1.

mn

O

cycle : % v.mass : Kg

v.c.t.friction: N v.b.r.braking forcc: N
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