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m Objectives of the Tutorial

A This tutorial is intended for people who
are already very familiar with UML 2

A And wish to understand the precise
differences between UML and SysML

Eﬁfﬁ[ﬁ UNIFIED MODELING LANGUAGE " L

WE SET THE STANDARD
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m UML 2 and Sys. Eng. ?!

UML 2 provides many interesting
constructs for SE:

A Structural Decomposition and interconnection
A via Parts, Ports, Connectors

A Behavioral Decomposition
A Sequence, activity, states

A Enhancements to Activity Diagram
ACl oser from ol d DFD ¢é

But the vocabulary remains
too software-oriented !

A Objects, classes, etc.

/:é\w




m (Brief) History of SysML

OMG):

' ing RFP (
. UML for Systems Engineering
March 2003, with INCOSE
. Initial draft; January 2004

. SysML Specification v1.0
. Adopted by OMG in July 2006

* SysML Specification v1.1
* Adopted by OMG in June 2008

* SysML Specification v1.2 (http://Amww.om

+ Adopted by OMG in June 2015 .org/spec/SysML/1.2/)




m SysML = UML2 Profile

A SysML reuses a subset of UML 2 and
provides additional extensions needed to
address requirements in the UML for
Systems Engineering RFP

SyerIL

/ SysML'S
/ extensions to
/ UML
not requireK %

by SysML UML reused by

~— — SysML
(UML4SysML)




Architecture (1/2)

A The SysML language reuses and extends
many of the packages from UML

Profiles
StructuredClasses

3
\
Sgmerges \«merge»
. \
- b
S~ Hmerger
hat "\
-

CompositeStructures::

StructuredActivities umetamodely

UML4SysML

-
-
by o dMerges
o “w~xmerge
b e
b et
LY e

Activities::
StructuredActivities

M, o
\«.\ marges

wprofiles

AssociationClasses StandardProfileL2 S aprofilen % PowerTypes

«imparts SysML

Figure 4.2 - SysML Extension of UML



Architecture (2/2)

A SysML profile contains a set of packages
that correspond to concept areas in SysML
that have been extended

«profiles

wprofiles
Activities

9 Figure 4.3 - SysML Package Structure



Reminder: UML 2 diagrams
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m SysML Diagrams

A This taxonomy is one example of how to
organize the SysML diagrams

SysML
Diagram
------
Behavior I Requirement Structure
Diagram : Diagram Diagram

State Machine Use Case Block Definitiocn Internal Block Pack: O
Diagram Diagram Diagram Diagram ackage Thagram

---IJII_.---

[ ] sameasum 2
[] woaiied rom um 2

I "] New diagram type

|

| Parametric
|  Diagram
|

11



m SysML Diagram Frame (1/2)

12

A Each SysML diagram has a frame, with a

contents area, a heading, and a Diagram
Description

Diagram Description [

Version:
Description:
Completion status:

Header Reference:

adiagramlUsagen )
diagramKind [modelElementType] modelElementName [diagramMName]

Contents

Figure A.2 - Diagram Frame
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SysML Diagram Frame (2/2)

A The following are some of the elements
associated with the diagram kinds:
A block definition diagram (bdd) - block, package
A internal block diagram (ibd) - block
A parametric diagram (par) - constraint block
A sequence diagram (sd) i interaction
A use case diagram (uc) i package
A é
A The frame may include border elements associated
with the designated model element

A like ports for blocks, entry/exit points on
statemachines, gates on interactions,
parameters for activities, etc.
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1S

Structural Constructs

A This Part defines the static and structural
constructs used in SysML structure
diagrams, including the package, block
definition, and internal block diagrams

A The structural constructs are defined in the
Model Elements, Blocks, Ports and Flows, and
Constraint Blocks chapters




m Model Elements

"g" A The ModelElements package of SysML
‘,,j@» defines general-purpose constructs that
f Zj\ may be shown on multiple SysML

oo Wl diagram types

gmetaclasss gmetaclasss ametaclass» ametaclasss
UML4SysML:: UML4SysML:: UML4SysML:: UMLASysML::
Dependency Package Class Comment

ustereotyper ustereotypes astereotypen asterectypes wstereotypes
Conform View View point Rationale Problem

view pont: Viewpont | | stakeholders: String ['
purpose: String
concerns: String [*]
languages: String [7]
methods: String []

Figure 7.1 - Stereotypes defined in package ModelElements

16



m View, Viewpoint (1/2)

17

A A View is a representation of a whole
system or subsystem from the perspective
of a single viewpoint

A A Viewpoint is a specification of the
conventions and rules for constructing and
using a view for the purpose of addressing
a set of stakeholder concerns

A A Conform relationship is a dependency
between a view and a viewpoint
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View, Viewpoint (2/2)

pkg [package] HSUVViews [Performance View]

«Mlews
{viewpoint=Performance Viewpoint}
PerformanceView

Driver

«Moen
HSUValt1.
FuelEconomy

w«Moe»
HSUValt1.
QuarterMileTime

«MOE»
HSUValt1.
Zero60Time

«moex»
HSUVait1.
CargoCapacity

«moen
HSUValt1.
CostEffectiveness

id = o
fext = "The Hybrid SUV
shall have the braking,
acceleration, and

capability of a ty UV,
but have dramatically better
fuel economy.”

«constraints
UnitCostEquation

«constraints
CapacityEquation

aconstraints
EconomyEguation

atestCases
EPAFuel
EconomyTest

Performance Viewpoint

~

«Viewpoints
stakeholders="customer"
concems="Will the system perform
adequately?"

purpose="Highlight the performance of the

system.”

methods="show performance requirements,

test cases, MOE, constraint models,

includes functional viewpoint”
languages="SyshL"

-
e < aconforms

wiewpoints
Functional Viewpoint

Figure B.27 - Establishing a Performance View of the User Model (Package Diagram)

=t
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Problem, Rationale

A A Problem documents a deficiency,
limitation, or failure of one or more model
elements to satisfy a requirement or need

A A Rationale documents the justification for
design decisions

bdd Master Cylinder requirements

«blocks
Brake System

Lt ui 1
13 ==
-
-
m: MasterCylinder
arequirements - R
Reservoir
- [
’
- - 1
’ i
q O

Figure 7.2 - Rationale and Problem examples



Block

e A A SysML Block defines a collection of
e features to describe a system or other
element of interest

operation1({p1: :Jrifp;:?: Type2
roperty1- Blockd A Blocks may have multiple compartments,
each with its own optionally name

property2: BII:-CII{-E‘ .[[r__*] {ordered} .
e A Compartments may appear in any order

property3: Integer = 99 {readOnly}

property4d: Real = 10.0

properties

propertys: Type1

A SysML blocks are based
on UML classes, as extended
by UML composite structures

isEncapsulated: Boolean

20



Value Type (1/2)

A A SysML ValueType defines values that
may be used within a model

A SysML value types are based on UML

data types
—— A A ValueType defines types of values that may
ﬁ;iue@fm?u be used to express information about a system,
operation(p1. Typel): Type2 but cannot be identified as the target of any
properties refe re n Ce
propery Tvee” A SysML ValueType adds an ability to carry a unit
avalueTypes . . . .
unit = UnitName of measure and quantity kind associated with
the value

21



22

Value Type (2/2)

A Model Libraries

bdd [modelLibrary] Blocks [Predefined ValueTypes]

avalueType» wvalueT wvalueTyp
Number String Boolean

avalueType» avalueType» wvalueType»
Integer Real Complex
realPart : Real
imaginaryPart : Real

Figure 8.7 - Model Library for Blocks

bdd [package] Sl Value Types

avalueTypex
unt=Second

Figure 8.10 - Defining Value Types with units of measure from the International System of Units (SI)
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Unit, QuantityKind

A A QuantityKind is a kind of quantity that
may be stated by means of defined units
A For example, the quantity kind of length may be
measured by units of meters, kilometers, or feet
A A Unit is a quantity in terms of which the
magnitudes of other quantities that have
the same quantity kind can be stated




m Block Definition Diagram (1/2)

24

A The Block Definition Diagram in SysML
defines features of blocks and
relationships between blocks such as
associations, generalizations, and
dependencies

A SysML defines defaults for multiplicities on
the ends of specific types of associations

bdd Mamespace]




m Block Definition Diagram (2/2)

A Notational and metamodel support for
n-ary associations and qualified
associations has been excluded from
SysML

A N-ary associations can be modeled by an

Intermediate block with no loss in expressive
power

A The use of navigation arrowheads on an
association has been simplified by excluding
the case of arrowheads on both ends, and
requiring that such an association always be
shown without arrowheads on either end

25



Sample Problem Block Definition
Diagrams (1/2)

A Hybrid SUV

bdd [block] AutomotieDomain [Hylridsuy Breahduwn]/

asSystems
Hybrid SUV

|

'l

v

PowerSubsystem BrakeSubsystem

BodySubsystem InteriorSubsystem

LightingSubsystem

ChassisSubsytem

'

Y

BrakePedal

]

\

arationales

2 wheel drive i the only way o get

acceptable fued economy, even though i
limits off-road capahility

T

EV Vd

WheelHubAssembly

Figure B.16 - Defining Structure of the Hybrid SUV System (Block Definition Diagram)




Sample Problem Block Definition
Diagrams (2/2)

A Power Subsystem

bdd [block] HEUV [PowerSubsystam Elreakrluwny

WheelHubAssembly

- 7

PowerSubsystem
Hw rfa

0.14) T Qc-..1

op pou epe |, 1)

BrakePedal BatteryPack PowerControlUnit ElectricalPowerController FrontWheel

ad \l‘ i s L= — dif

ElectricMotor
Generator

accelerator FuelTankAssembly InternalCombustionEngine Differsntial

{ ‘ e
0.1 | . I T

4'.v.'fi

. Tramsmission
FuelPump Fuelinjector

Figure B.18 - Defining Structure of Power Subsystem (Block Definition Diagram)




m Internal Block Diagram

A The Internal Block Diagram in SysML
captures the internal structure of a block

In terms of properties and connectors

between properties

A Four general categories of properties of blocks

are recognized in SysML.: parts, references,
value properties, and constraint properties

0.*
pl: Type1

x: Integer =4

28



m Sample Problem Internal Block

Diagrams (1/2)

A Hybrid SUV

b:BodySubsystem -t i: InteriorSubsystem
c:chassisSubsytem br:BrakeSubsystem l:LightingSubsystem

ibd [block] HybridSUV

p-c:
p:PowerSubsystem

Figure B.17 - Internal Structure of Hybrid SUV (Internal Block Diagram)

AS



SysML Ports & Flows

=

‘ / emetackasss «metacksss
& : n UML4SysML::Property UML4SysML::Interface

«metackass» «stereotype»
UML4SysML::Port FlowProperty

direction: FlowDiredion

«stereotypes
FlowSpecification

«enumeration:

ustereotype FlowDirection

FlowPort
in
fisAfomic: Boolean out
diredion: FlowDirection inout

Figure 9.1 - Port Stereotypes
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m Flow Port

A A FlowPort is an interaction point through
which input and/or output of items such as
data, material, or energy may flow

A We distinguish between atomic flow port and a
nonatomic flow port

A Flow ports and associated flow
speci fications defin
between the block and its environment,
whereas 1 tem fl ows s
fl owo i n a specific

Conjugated Flow Port (deprecated)

netw orkType: ElectricNetw orkType

31



Sample Problem Internal Block
Diagrams (2/2)

ibd [block] PowerSubsystem [Alternative 1 - Combined Motor Generat{:ru

bp-epc:

epc.EledricalPower

bp: BatternyPack

ad:accelerator

4
@ | |_EPCCmd

&

|_IEFCData

Controller
—ctrd iZ:Electric
Current

|_IEPCData |_IEPCCmd

c3:

emg:ElectrichMotor
Generator
i1:Electric
Current

el

|_TRSMCmad

[

ctd
trsm:Transmission

[
BPC trsm

ecu:PowerControlUnit

|_TRSMData

|_TRSMCmd

| ICEData

|_TRSMData
torguein:Tongue

gl:Torgue

torgueOut: Torgue

t2: Torgue

anbJo] L)

rfw:ChassisSubsytem
FrontWheel

rightHafShaft

I

L& 4]

ice:Internal CombustionEngine

| ICEData

\J\r cirl ) . 4
] fi:Fuellnjector

ice
-
5| | ICECmds

bkp.BrakeSubsystem
.BrakePedal

b — — —

ft.FuelTankAssy

fp: FuelPump

Port:~FuelTankFitting
3} >
T

o

| ICECmds

E
PortCEFuelFitting

fuelDelivery

fuelSupply:Fuel

fuelReturn: Fuel

dif.Differential

Il

leftHalfShaft

fw: ChassisSubsytem
FrontWhee

Figure B.19 - Internal Structure of the Power Subsystem (Internal Block Diagram)
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SysML Behavior Diagrams

SysML
Diagram

Structure
Diagram

Sequence State Machine se Cas Block Definition Internal Block
CHagram Diagram iagran Diagram Diagram

[ ] sameasum 2

]

| Parametric
|  Diagram
|

[] woaiied rom um 2

I New diagram type




m Activities (1/4)

A Summary of the SysML extensions
to UML Activity diagram:

A Control as Data
A Continuous Systems
A Probability

38



36

Activities (2/4)

A Control as Data

A In UML Activities, control can only enable
actions to start. SysML extends control to
support disabling of actions that are already
executing

A This is accomplished by providing a model
library with a type for control values that are
treated like data

«controlOperator»
CalBehaviorAction

act [controlOperator]




Activities (3/4)

A Continuous Systems

A Restrictions on the rate at which entities flow
along edges in an activity, or in and out of
parameters of a behavior

A This includes both discrete and continuous flows

."'-.I-—“'L
Action kk_______;}
{ rate = constant } | { rate = constant }

rate = distribution } = { rate = distribution }
«continuous» acontinuous»
adiscrete» adiscretes

A Extension of object nodes with the option for
newly arriving values to replace values that are
already in the object nodes (Overwrite) and with
the option to discard values if they do not
Immediately flow downstream (NoBuffer)

K/



m Activities (4/4)

38

A Probability

A Extension of edges with probabilities for the
likelihnood that a value leaving the decision node
or object node will traverse an edge

{ probability = valueSpecification }

{

{ probability = valueSpecification }

A Extension of output parameter sets with
probabilities for the likelihood that values will be
output on a parameter set

{ probability = valueSpecification }

’ —
o e
i
"
- _ ——_
Action ~
—
-‘-‘"‘-‘.
"i -‘-"'H._‘_‘_ -
=

{ probability = valueSpecification }




Activity Diagram Examples (1/2)

act Operate Car,

{ «interru ptibleRegions

-
Key
- Driving off

i

{stream} “continuous »

Brake
Pressure

T

—

4controlOperators»
Enable on Brake

Pressure=>0

I_I_I

«confinuous»
Modulation P
Frequency y

M ControlValue

{ contral }
Monitor Traction

|_|_|

I
|
I
I
|
I
I
I
I
I
I
|
I
|
|
I
I
I
I
I
I
|

Figure 11.10 - Continuous system example 1
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Activity Diagram Examples (2/2)

act Monitor Tracti

act [controlOperator] Enable on Brake Pressure =0

[Brake Pre

{probabiity «ValueSpecficationAction»

enable

| «ValueSpeciicationActions
disable

[else]
{probabilty = 90%}

Calculate
Modulation
Frequency

Confrolvalug
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Sample Problem Activity
Diagrams (1/2)

A Top level behavior of an activity
representing acceleration of the HSUV

act Accelerate

aComtinuouss
drivePower

I

I

I P 1 - .

I 7 W ProvidePower
] F

i

|I Il' y ’!’ r"_ i
,=—'— ~ khﬂeasur&h’ehicle

Conditio ”S|—|-| I, transModeCmd

i
=
J I
]
I
]

PushAccelerator

Figure B.33 - Behavior Model for “Accelerate” Function (Activity Diagram)



Sample Problem Activity
Diagrams (2/2)

w3wirniLarsDiagrarm
e [imc ity Provvide Power [Figure B35 Detailed Bebanior Model for Provide Power”]

o 2 Internal ombus SonEngline

epc : ElectisicalPowesC onroller

ey : ElectricMotorGeneator

al:
ProwidelasPower

e

a3 : ConmlElecticPower

a4 : ProvideElectricPower

w0 FrLE

uirnea

|aIID{‘.I'thD
| witerrFows 11-BlacicEumant

__—__—__‘_\__—__‘—‘——\

Figure B.35 - Detailed Behavior Model for “Provide Power” (Activity Diagram)

Note hierarchical consistency with Figure B.33.




Interaction Diagrams (1/2)

A Interactions are used to describe
Interactions between entities

A UML 2.1 Interactions are supported by
four diagram types including the
Sequence Diagram, Communications
Diagram, Interaction Overview Diagram,
and Timing Diagram

A The Sequence Diagram is the most
common of the Interaction Diagrams

43



m Interaction Diagrams (2/2)

A SysML includes the Sequence Diagram
only and excludes the Interaction
Overview Diagram and Communication
Diagram, which were considered to offer
significantly overlapping functionality
without adding significant capability for
system modeling applications

A The Timing Diagram is also excluded due
to concerns about its maturity and
suitability for systems engineering needs

44
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Sample Problem Interaction
Diagrams (1/2)

sd Unyediacedon .

Stanvehicie BlackBoe

= W |=aF.oclinSt

i

|seif osinStatedacc derating/eruising)|

ArceieraienCnise

Figure B.T - Elaborating Black Box Behavior for the "Drive the Vehicle” Use Case (Sequence Diagram)



sd StartVehicleBlackBox

turnignitionToStart

Sample Problem Interaction

Diagrams (2/2)

Context:Hybri
tVehicle\White

1: StartVehicle
sd StartVehicleWhiteBox

ecu:PowerControlUnit

1: StartVehicle

epc:ElectricalPowerController

1.1: Enable

1.2:ready




m State Machines (1/2)

A The state machine represents behavior as
the state history of an object in terms of its
transitions and states

A The activities that are invoked during the
transition, entry, and exit of the states are
specified along with the associated event and
guard conditions

A Activities that are invoked while in the state are
speci fied as Ado Acti vi
continuous or discrete

A A composite state has nested states that can be
sequential or concurrent

a7
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State Machines (2/2)

A The UML concept of protocol state
machines is excluded from SysML to
reduce the complexity of the language

A The standard UML state machine
concepts (called behavior state
machines in UML) are thought to be
sufficient for expressing protocols

coor {protocol}




49

Sample Problem State Machine

Bim '|-Ei|.."i'C:‘FlE|T:|1|‘=rIHE-'.E'.‘EE- T

- Refines |
th'ﬂU"‘EI'I'IEﬂI'.‘!
Powersourcs
anagemsn:

Yominal
siates anly

Oparate

.-

.

- h
accelerans

—— releasesrake —.

accallarating
Crulging

| Braking ‘

*—— engageBrake s

Figure B.8 - Finite S5tate Machine Associated with "Drive the Vehicle” (State Machine Diagram)
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Use Cases

A The use case diagram describes the
usage of a system (subject) by its actors
(environment) to achieve a goal, that is
realized by the subject providing a set of
services to selected actors

A UML Extensions
A None
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m SysML and Requirements

A SysML defines elements for modeling
requirements and their relationships

A including relationships to other artifacts such
as test case or block

Structure
Diagram

A
Activity Sequence State Machine Use Case Block Definition Internal Block Package
Diagram Diagram Diagram Diagram Diagram Diagram Diagram
I

Modified from UML 2

I
L

52



Requirements in SysML
(1/3)

A SysML provides modeling constructs to
represent text-based requirements and
relate them to other modeling elements

A The requirements diagram can depict the
requirements in graphical, tabular, or tree
structure format

A A requirement can also appear on other
diagrams to show its relationship to other
modeling elements

A The requirements modeling constructs are
Intended to provide a bridge between
traditional requirements management tools
and the SysML models

53



Requirements in SysML
(2/3)

A A standard requirement includes
— properties to specify its unique identifier
Requitement name and text requirement.
text="The system shall do” A Additional properties such as verification status,
can be specified by the user
A Several requirements relationships are
specified that enable the modeler to relate
requirements to other requirements as well
as to other model elements

A These include relationships for defining a
requirements hierarchy, deriving requirements,
satisfying requirements, verifying requirements,
and refining requirements

54



Requirements in SysML
(3/3)

“metaclassw
UML4SysML::Class

ametadass»
i{ ? UML4SysML: :NamedElement
-

§7A
il

CJ"—

astereotypes
Requirement

text: String

id: String

/derived: Requirement[*]
{derivedFrom Requirement [*]
/satsfiedBy . NamedElement []
frefinedBy . NamedElement [*]
ftracedTa NamedElement [*H
fverifiedBy: NamedElement [*]
‘master: Requirement[0..1]

wstereotypes
RequirementRelated

frracedFrom: Reguirement [*]
lequirement [*]
quirement [*]

fverfies: Requirement [*]

«stereotypes
UML4SysML::Trace

wstereotyper «stereotypen wstereotyper «sterectypes
DeriveReqt Verify Copy Satisfy




HSUV Sample Problem
Requirement Diagrams (1/3)

req [packags] H3UWRequinements [HIUW Spec'rﬁ-:aﬁmy
1

H5UVSpecification

—

wrequirements srequiremEnts srequirements urequirements arequirermnents
Eco-Friendliness Performance Ir-:-?gnnu'nicg Qualification Capacity

L] jT 53] = [

\ —

wraquiraments aegUiremeants = alEQUIrEMmEants arEquirements afEgQUIraments afEgQUIremente
Braking FuelEconomy Acceleration SafetyTest CargoCapacity PassengerCapacity

aTequirements arequirernents
Emissions FuelCapacity

b="R12.1"
text = "The vehicle shall mest Ultra-Low
Emissions Vehigle standards.”

Figure B.11 - Establishing HSUV Requirements Hierarchy (containment) - (Requirements Diagram)




HSUV Sample Problem
Requirement Diagrams (2/3)

req [package] HSUVRequirements [Requirement [}envaﬁmy

arequirements
Braking

arequirements
FuelEconomy
i}

]

3 o
I ' ~ N
! J \
B o
«deriveRedgts  wderiveReqts |
\

wrequirements
FuelCapacity

arequirements
OffRoadCapability

arequirements

arequirements

Acceleration CargoCapacity
%\ ."i't
S A\ \'H_\
«derveReqts «deriveRegts

\H 3

:r 1I-
I \
g

1
\
1

e

i
ra
\
\
o ]
A
A
LY
]
1

arequirements
RegenerativeBraking

I

rd
-
\_} '|1
sdenveReqts aderiveReqts
. ]

&

srequirements
Range

&
&
sderiveReqts
"
]
adernveReqts

o

1 wproblems
]
RefinedBy

i
srequirements
adjl‘ Power
1 | Power needed for acceleration, off-ro
'-1 performance & cargo capacity conflicts
HSLUWStructure:HSUY . v | with fuel economy
HSUVOperationalStates )

I
#
&
#

£,
(

o

[}

1 4
\

\

i

1

-

srequirements
PowerSourceManagement

aralionales:

Power delivery must happen by coordinated
control of gas and electric motors. See

“Hybrid Design Guidance”
ments Diagram)

Figure B.12 - Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy (Require-



m HSUV Sample Problem

Requirement Diagrams (3/3)

58



