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b ol ABOUT THE OMG SYSTEM MODELING LANGUAGE SPECIFICATION VERSION 2.0 BETA 2 " SPECIFICATIONS

SYSML®

OMG System Modeling Language

SysML is a general-purpose modeling language for modeling systems that is intended to facilitate a model-based systems engineering (MBSE) —\
approach to engineer systems. It provides the capability to create and visualize models that represent many different aspects of a system. This L PDF
includes representing the requirements, structure, and behavior of the system, and the specification of analysis cases and verification cases used to Transformation
analyze and verify the system. The language is intended to support multiple systems engineering methods and practices. The specific methods and
practices may impose additional constraints on how the language is used. —\
. PDF
Title: OMG System Modeling Language Language
Acronym: SysML®
Version: 2.0 beta 2
Document Status: beta (D

Publication Date:
Categories:
IPR Mode (@)

This version is made available for informational purposes. The formal version is the final approved specification and is
the version that should be followed for compliance with this specification. Access to change bars between versions are

available only to OMG members.
April 2024

Non-Assert (1)

https://www.omgq.orqg/spec/SysML
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ASysMLis a generalpurpose graphical modeling languagethat supports
the analysis,specification,design,verification, and validation of complex
systems Thesesystemscan include hardware and equipment, software,
data, personnel,procedures facilities, and other elementsof humanand
natural systems

ASysMLcan representthe following aspectsof systems,components,and
other entities:
A Structuralcompositionjnterconnectiorand classification
AFlowbased messagebased,and stateful behavior
A Constrainton physicaland performanceproperties
A Allocationsbetweenbehavior,structure,and constraints and

ARequirementsand their relationshipto other requirements,designelements,and
testcases
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-+ Adaptationof the UMLto the systemiadomain

- / \ \

UML 2 SysML
\
SysML'S
extensions to
\ / UML
not requureK /2<
by SysML UML reused by
: SysML
(UMLA4SysML)
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-+ SysMltaxonomy

Syalil
C¥agram
i
Fackage Requirems=ni Behawior Paramefric Struciure
Diagram Diagram Diagram Dhizgram C¥a gram
.y Siate Block rtemal
SoARy || SeduEnce || aching | U U258 1| pefiniion | | Block
12 AT gram Diagram Sgram Diiagram Diagrari

FIGURE 3.1
SysML diagram taxonomy.




-=# AEachtype of diagramis summarizedhere, along with its relationship to UML
diagrams

A Packageadiagramc presentsthe or%anizationof a modelin terms of packageghat contain
modelelements(sameasUMLpackagediagram)

A Requirementdiagramc presentstext-basedrequirementsand their relationshipsto other
[Jelslllj_l)rements,deS|gneIements,and test casesto supportrequirementstraceabllity (not in

A Activity diagram¢ presentsa flow-basedbehaviorindicatingthe order in which actions
are performed basedon the availability of their inputs, outputs, and control, and how
actionstransforminputsinto outputs (UMLactivity diagrammodification)

A Sequencaliagram¢ presentsthe behaviorin terms of a sequenceof messagegxchanged
betweensystemsor parts of systemgsameasUMLsequenceadiagram)

A State machine diagram ¢ presentsthe behavior of an entity in terms of its transitions
betweeneventtriggeredstates(sameasthe UMLstate machinediagram)

A Use casediagram ¢ presentsfunctionality in terms of how a systemis usedby external
entities (i.e., actors)to achievea set of goals(sameasthe UMLusecasedlagram¥

ABlock definition diagram ¢ presents structural elements, called blocks, and their
compositionand classification(modificationof the UMLclassdiagram)

A Internal block diagram ¢ presentsinterconnectionand interfacesbetweenthe parts of a
block(modificationof the UMLcompositestructurediagram)

A Parametricdiagram ¢ presentsconstraintson property values,suchasF=m * a, usedto
supportengineeringanalysignot in UML)
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~+ SysML structural diagrams
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Figure 4.7 SysML structural diagrams
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~+ SysMIBehavioraDiagrams
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-+ SysML
At is

Aavisual modelling languagthat provides

ASemantics (meaning)
ANotation (Representation of meaning)

At is not
Fa methodology or a tool
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DiagramBasidParts



AEach SysMLdiagram should
have a diagram frame that

Includesthe contents of the
diagram

AThe frame correspondsto a
model elementthat provides

the context for the content
of the diagram

18

Diagram description
Version
Description
Completion status
Reference

Header

|

User-defined fields

.

«diagram usage»

diagram kind [model element type] model element name [diagram name]

Content

FIGURE 5.5

A diagram frame.




| &

-+ Header

AThe header diagram is a rectangle
with its bottom right corner cut off.
Includesthe following information:

ADiagram kind - An abbreviation
Indicatingthe type of diagram

AModel element kind - The type of
model elementthat the diagramframe
corresponddo.

A Model element name - The name of
the model element to which the
diagramframe corresponds

A Diagram name - the name of the
diagram, which is usually used to
Indicatethe purposeof the diagram

ADiagram usage - a keyword that
Indicatesa specializediseof adiagram

19

Header

\

Diagram description

Version
Description

Completion status

Reference

User-defined fields

|

=~
-
-
-~

\

«diagram usage»

diagram kind [model element type] model element name [diagram name]

il

Content

FIGURE 5.5

A diagram frame.




~+ Headerg DiagranKind

AActivity diagram- act
ABlock definition diagrambdd 7
Alnternal block diagramibd \‘[ o e e []
APackage diagrampkg

AParametric diagram par

ARequirement diagramreg
ASequence diagramsd

AState machine diagramstm

AUse case diagramuc



A_ y ‘g-—f;’

~+ Headerg Element Kind

A Different diagram types have diagram Diagram descrptio
framesthat correspondto different types Desorpton
of modelelements Completion status
A Activitydiagrant activity Header Userdofined feds
ABlock definition diagramt block, \ e =
Constra|nt bIOCk, paCkage, mOdel’ diagram kind [model element type] model element name [diagram name]
modellibrary .
A Internalblockdiagrant block

APacka?e diagrant package, model, rcuress
modellibrary, profile, view A dlagram frame.

A Parametric diagrant activity, block,
constraintblock

A Requirement diagrant package,

The template element kind should be shown in the

model,modellibrary, requirement header to avoid ambiguity if the diagram can
ASequenC(eliagram[ interaction represent more than one type of template element
AState  machine diagrant state allowed

machine

A Use case diagrant package, model,
modellibrary



24

- Headerc DiagraniName

|

\

ABecausea model can contain
considerable amounts of
Information, the modeler can

Header

\

Diagram description
Version
Description
Completion status
Reference

|

User-defined fields

«diagram usage»

C h OOS e tO i n C | u d e O n |y S e | e Cte d diagram kind [model element type] model element name [diagram name]

model elements In a specific
diagram for a given purpose __ |

Content

while hiding other model #awentane
elementsthat might detract from
that purpose

AThe diagram name is user
defined and Is Iintended to
provide a concisedescription of
the purposeof the diagram

22




\ 2
=3

Version

a diagramis intended to support Conpieon saus

Reference

AThediagramusageindicatesthat 7
as pe C |f| Cu Sag e Head\er Us/e:—/diefined fields

AThe usage name O'I: the diag ram diagram kind [modelelem;nttype] model eI;mentname[diagram name])
Isincludedin the headerin angle
bracketscalledguillemets

A diagram frame.

Guillemets

a la francaise al'anglaise
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~+ DiagrambDescription

AThe diagram description is an

optional note attached inside

or outside the frame of the
diagram

Alt is intended to allow the
modeler to capture additional
iInformation aboutthe diagram

24

Header

\

Diagram description
Version
Description
Completion status
Reference
User-defined fields
-~

|

«diagram usage»

diagram kind [model element type] model element name [diagram name]

Content

FIGURE 5.5

A diagram frame.




~+ DiagramContent

Version
Description

sometimes called a canvas,

Reference

AThe diagram content area, 7

contains elements that \ P
g rap h ical Iy re p re Se nt diagram kind [model elemé::igff);??w::;g;;ment name [diagram name]
elementsof the model | |

FIGURE 5.5

A diagram frame.
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SysML
Diagram
A\
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram

FIGURE 3.1

SysML diagram taxonomy.
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Packag®iagram

ORGANIZING THE MODEL WITH PACKAGEBTER 6



X )
&
s 5

AA SysMLmodel of a complex system can contain thousands or even
millions of model elements

AlIn SysMLeachmodelelementis containedin a singlecontainercalledan owner or
parent

AThecontainedelementsare often referred to aschild elements

AWhena containeris deletedor copied,its child elementsare also deleted
or copied Somechild elementscan also be containers,which leadsto a
nestedcontentionhierarchyof modelelements




| ntroduction

APackagesire an exampleof a container

Aln addition to having a place in a containment hierarchy, each model
elementwith a name,calleda namedelement, mustalsobe a member of
anamespace

AA namespaceallows its membersto be uniquely identified within it by name A
packagdas a namespacdor the packageabl@&lementsit contains

AA packable element has (needs) a fully qualified (unique) name to
unambiguouslyocateit in a model'spackagenierarchy



-+ Packag®iagram

pkg [Package] Products [Mested Packages)
F1-E5 ACME Surveillance Systems ’J

BEI -amponante Surveilance Systems | [ 1 [ ] [ 1
B E Flélm;-;:lfas — — Surveillance Cameras Regquirements
T --I:I Bebarvior - Metwork ;
El ] Parametrics Ilse Cases Analysis
--E Struchure
EH[*] Regqurements [ | [ 1 [ 1 [ 1 [ |
'-IZI Camera Specfication Physica Logica Behavior Parametrics Structure
B Customer Specifications
- IEEE Standards
-] Verification
Ijlil e R —— Showing nested packages on a package diagram.
-3 Surveilance Systems
I=—f||"_"| Analysis pkg [modelLibrany] E-:mpmenta’,J
B Logical
B-£3 Physical - «blocks wblocks «blocks
| B Use Cases Brushless DC Motor | | Stepper Motor | | Focal Plane Array | [Pan Gimbal
B Profiles
E-f£7) Standard Defintions
| 3w Basic Constraints
[#1- L] Basic Definitions
B[ 51 Types
E}-E7] Standard Item Definitions

sblock= «blocke= sblock= «blocke
SDRAM Digital Signal Processor | | TiR Gimbal Video Controller

FIGURE 6.6
showing the contents of the components package using a package diagram.
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-+ Packagd®iagram

AThe model elements contained in a package can be showmirnla

AThe full diagram header for a package diagram is as follows:

Apkg [model element kind] package name [diagram
name]

AThe diagram type is pkg and the model element type can be template,
package, or template library.
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Packagédierarchy



’L&f‘:

Definingan OrganizatiorStrategy

AA modelisorganizednto a hierarchicapackagestructure

AA well-defined model organizationis important as the number of model
elementsincreases



» Possiblestrategies.

ABysystemhierarchy(e.g., systemlevel,elementlevel,componentievel)

ABYy processlifecycle where each subpackageof the model representsa
processstage

ABy teams that are working on the model (e.g., RequirementsTeam,
IntegratedProductTeam(IPT)1, 2);

ABYy the type of model elementsit contains(e.g., requirements,behavior,
structure);

ABymodelelementsthat are likelyto changetogether;

ABytemplate elementsorganizedo support reuse(e.g., template libraries)
and/or

ABy other logical or cohesive groupings of model elements based on
definedmodelpartitioning criteria.



E1-[&) ACME Surveillance Systems

@ @ Components
B Products
B}-E Cameras
t] Behavior
-] Parametrics
D Structure
=171 Requirements
C] Camera Specification
t] Customer Specification
(-] IEEE Standards
E:B--'E] System Specification
-] Verification
B3 Surveillance Network
B} Surveillance Systems
E] Analysis
t] Logical
f‘_‘] Physical
B[] Use Cases
&) Profiles
B Standard Definitions
D Basic Constraints
E3-[£7 Basic Definitions
--@ SI Types
-7 Standard Item Definitions

m

FIGURE 6.5

35 Browser view of the model's package hierarchy.



pkg [modelLibrary] Components )

«block:» «blocks «block= «blocks
Brushless DC Motor Stepper Motor | |Focal Plane Array | |Pan Gimbal

«block» «block» «block» «block»
SDRAM Digital Signal Processor | | Tilt Gimbal Video Controller

FIGURE 6.6

Showing the contents of the components package using a package diagram.
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INamespacds



A

% Setting &ContextName

Aln addition to actingasa containerfor packageablelements,a packagéds
anamespacdor all the namedelementswithin it.

AMost SysMLmodel elements can have names, although some model
element types, such as a comment, cannot be named A namespace
appliesa set of "uniquenessrules” to distinguishbetween the different
namedelementscontainedwithin it.

AThe rule of exclusivity for packageableelements is simply that each
elementof agivenelementtype musthavea unique name.
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pkg [Package] Standard Definitions [Some Named Elements] )

«block»
ACME Surveillance Systems::Components::Stepper Motor

ACME Surveillance Systems::Products::Cameras

«valueType»
Basic Definitions::Waypoint

FIGURE 6.7

Using gualified names to represent model elements within a containment hierarchy:.
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SysML
Diagram
A\
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram
FIGURE 3.1

SysML diagram taxonomy.
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Use Cas®iagrams

ModelingFunctionalitywith Use Cases Chapterl?2



=+ |ntroduction

AUsecaseglescribethe functionality of a systemin terms of how it is used
(o achievethe goalsof its varioususers

ATheusersof a systemare describedby actors,who canrepresentexternal
systemsor humansinteracting with the system

AModelthe high-levelfunctionality of a systemwith usecases

42



“* Introduction

AUsecaseshavebeenseenasa mechanismto capturethe requirementsof
the systemin terms of systemuses

ADifferentmethodologiesapplyusecasesdn different ways

A For example,some methods require a text descriptionfor each case,which may
Includepre- and postconditionsand primary,alternate,and exceptionallows.

AUsecasesare often elaboratedwith detailed descriptionsof their behavior,using
activities,interactions,and/or state machines



A

¥ .//

+ The Use Cad@iagram

Aln a use casediagram,the frame correspondgo a packagemodel, model
library, or block,and the contentsof the diagramdescribea set of actors
andusecasesandthe relationshipsbetweenthem.

AThefull diagramheaderfor a usecasediagramis asfollows:

Auc [model element  kind] model element name [diagram
name]
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uc [Package] Use Cases [Main Use Case] )

Surveillance System

% 1.* @r Enviro@

0.* %

Operator Intruder
«actor»
Emergency
Services
FIGURE 12.1

Example use case diagram.
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Actor (or stakeholders?)



- Definitionof actor

AAnactoristhe & S v (itd plagtige role of a humanbeing,an organization,
or anyexternalsystemthat participatesin the useof somesystem

AActorscaninteract directly with the systemor indirectly through
other actors

Alt shouldbe notedthat "actor" isan umbrellaterm.
AAnactorthat is externalto onesystemmaybeinternalto another

47



| &

- Actors

AAnN actor is shown as a strawmanwith the
actor's name underneathor as a rectangle A
containing the actor's name below the ————

keyword«actor. ActorName

ActorName

AThe choiceof symbol dependson the tool
andthe methodbeingused

@fa



+ ClassificationGeneralizatiofSpecialization

AThe actor's rating is represented A
using the standard  SysML 2 -
generalizatiorsymbol- a line with an e

emptytriangleat the generalend.
X X

FIGURE 12.2

AT h e aCtor rati n g h aS a S i m i Iar Representing actors and their interrelationships on a use case diagram.
meaning to the rating of other
classifiablenodelelements

AFor example, a specialized actor
participatesin all the usecasesn which
the more generalactor participates
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A use case



-

X A
&
x| 53

AA use case describéise goals of a systerfrom the perspective of the
system’s users.

AThe objectives are described in terms of fhectionality that the system
must support

ATypically, the use case identifies the use case purpose(s), a primary us
pattern, and several alternative uses (variants).



7

A_ 7 ‘g;—ci’

AThe system that provides functionality in support of use cases is called
System under Consideratiand usually represents a system that is bein
developed.

AThe system under consideration is sometimes calledstifgectand is
represented by a block.



~+ Casos de usoCenarios

AUm casode usopode abrangerum ou maiscenariosgue correspondena
forma comoo sistemainteragecomseusatoresem diferentes
circunstancias



U se CasesActorRelationship

AThe actors are related to the use cases@imunication pathswhich are
represented asssociations with some restrictions.

AMembership ends can have multiplicities, where multiplicity at the acto
end describes the number of actors involved In each use case.



» Use casegraphically

AA use case is shown as ellipsewith the name of the use case inside it.

AAssociations between actors and use cases are shown using standard
association notation.

AThesubjectof a set of use cases can be shown ascéangle wrapping
around the use caseavith the subject name centered at the top.
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uc [Package] Use Cases [Main Use Case] )

Surveillance System

% 1.* @r Enviro@

0.* %

Operator Intruder
«actor»
Emergency
Services
FIGURE 12.3

A use case and the actors that participate in it.
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Relationship8etweenUse Cases
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uc [Package] Use Cases [Complete] )

Surveillance System

Supervisor «extend» | __--""

|
A4

-

Monitor Environment

extension point: Fault

Condition: {camera fault detected} %

-

-
-

% Handle Camera Fault ) -7
. 0.7 %
/

Intruder

extension points
Fault

. -
«include» .~
//

~ -
S \«lnclude»

N

ﬁ 1.7
) Manually Monitor
Advanced Operator Environment

Automatically Monito
Environment

Operator

FIGURE 12.4

A set of use cases for the Surveillance System.




~+ Inclusiverelationship

ATheincluderelationshipallowsa use case known asthe baseusecase to
Include the functionality of another use case, called the included use
case

ATheincludedusecasealwaysrunswhenthe baseusecaseruns.

Alt is implicit in the definition of inclusionthat any participantin a baseuse
casecan participatein an includedusecase,soan actor associatedwith a
baseusecasedoesnot needto be explicitlyassociatedwith any included
usecase
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uc [Package] Use Cases [Complete] )

Surveillance System

Supervisor «extend» | __--""

|
A4

-

Monitor Environment

extension point: Fault

Condition: {camera fault detected} %

-

-
-

% Handle Camera Fault ) -7
. 0.7 %
/

Intruder

extension points
Fault

. -
«include» .~
//

~ -
S \«lnclude»

N

ﬁ 1.7
) Manually Monitor
Advanced Operator Environment

Automatically Monito
Environment

Operator

FIGURE 12.4

A set of use cases for the Surveillance System.




“ Subtleobservation it is not functional
decompositiot

AThe included use casesare not intended to represent a functional
breakdown of the base use case but rather to describe common
functionalitythat canbe includedby other usecases

Aln a functional decomposition,the lower-level functions represent a
completedecompositiorof the higherlevelfunction. Onthe other hand,a
baseusecaseand its includedusecasesften describedifferent aspectsof
the requiredfunctionality.
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x| 53

~+ Extensiomrrelationship

AA use case can also extend a base use case by using the extension
relationship.

ATheextendedusecaseis a fragmentof functionalitythat is not considered
part of the functionality of the baseusecase

Alt often describessome exceptionalbehaviorin the interaction, such as
error handling betweenthe subjectand the actors that do not directly
contributeto the goal of the baseusecase



» Extensiordoesnot generatedependency

AUnlike an included use case, the base use case does not rely on an
extendedusecase

AHowever,an extendeduse casemay dependon what's happeningin your
basicusecase

AFor example, the extended use case might assume that some exceptional
circumstancan the baseusecasearose

AThereis no implication that an actor associatedwith the base use case
participatesin the extendeduse case,and the extendeduse casemay Iin
fact haveentirely different participants
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uc [Package] Use Cases [Complete] )

Surveillance System

Supervisor «extend» | __--""

|
A4

-

Monitor Environment

extension point: Fault

Condition: {camera fault detected} %

-

-
-

% Handle Camera Fault ) -7
. 0.7 %
/

Intruder

extension points
Fault

. -
«include» .~
//

~ -
S \«lnclude»

N

ﬁ 1.7
) Manually Monitor
Advanced Operator Environment

Automatically Monito
Environment

Operator

FIGURE 12.4

A set of use cases for the Surveillance System.




-+ Aboutrelationshipgraphicatepresentation

Alnclusion and extension are shown usdaghed lines with an open
arrowheadat the included and extended ends, respectively.

AAn include line has the keyword «include» and an extension line has tf
keyword «extend».

AThe direction of the arrows should be read as the rear end includes or
extends the end of the head.

AThus,

Aa basic use case includes an included use case, and
Aan extended use case extends a basic use case.



Classificatioifheritage Relationship

AUsecasescanbe classifiedusingthe standardSysMlgeneralizatiorratio.

AOneimplication,for example jsthat the scenariogor the generalusecase
are alsoscenariodor the specializedisecase
AThisalsomeansthat actorsassociatedvith a generaluse casecanalsoparticipate
In scenariogiescribedoby a specializedisecase

AClassification of use cases is shown using the standard SysML
generalizatiorsymbol
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uc [Package] Use Cases [Complete] )

Surveillance System

Supervisor «extend» | __--""

|
A4

-

Monitor Environment

extension point: Fault

Condition: {camera fault detected} %

-

-
-

% Handle Camera Fault ) -7
. 0.7 %
/

Intruder

extension points
Fault

. -
«include» .~
//

~ -
S \«lnclude»

N

ﬁ 1.7
) Manually Monitor
Advanced Operator Environment

Automatically Monito
Environment

Operator

FIGURE 12.4

A set of use cases for the Surveillance System.
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- Textualdescriptionof use cases

AA text-based use case description can be used to provide additional
Informationto supportthe usecasedefinition.

AThisdescriptioncancontribute significantlyto the value of the usecase

ADescriptiontext can be capturedin the template as a singleor multiple
comments You can also treat each step in a use casedescriptionas a
SysMLlrequirement
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A typical use case description might include tf
following fields

APreconditions- Theconditionsfor the usecaseto begin
APostconditions- the conditionsafter the completionof the usecase
APrimaryflow - Themostfrequent scenarioor scenario®f the usecase

AAlternate and/or exceptionflows - the least frequent or non-nominal
scenarios Exception flows can reference extension points and often
representflowsthat don't directly supportthe goalsof the primaryflow.
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Here is an extract from the use case description for Monitor Environment:

Pre-condition

The Surveillance System is powered down.

Primary Flow

The Operator or Operators will use the Surveillance System to monitor the environment of the
facility under surveillance. An Operator will initialize the system (see Initialize System) before oper-
ation and shut the system down (see Shutdown System). During normal operation, the system’s cam-
eras will automatically follow preset routes that have been set to optimize the likelihood of
detection.

If an Intruder is detected, an alarm will be raised both internally and with a central monitoring sta-
tion, whose responsibility it is to summon any required assistance. If available, an intelligent intruder
tracking system—which will override the standard camera search paths—will be engaged at this point
to track the suspected intruder. If an intelligent intruder tracking system is not available, the Operators
are expected to maintain visual track of the suspected intruder and pass this knowledge on to the Emer-
gency Services if and when they arrive.

Alternate Flow

Immediately after system initialization but before normal operation begins, it is possible that a fault will
arise, in which case it can be handled (c.f. Fault extension point), but faults will not be handled thereafter.

Post-condition

The Surveillance System is powered down.
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SysML
Diagram
A\
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram
FIGURE 3.1

SysML diagram taxonomy.
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BlockDiagrams

MODELING STRUCTURE WITH BL@EHRPFPTER 7
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A

R

—— Body/
Transmission Differential Chassis Brakes Suspension Interior

Wheels
FIGURE 1.5

Automobile system decomposition into its components.

Fuel Accelerating
L& g Force
Accelerate . .
Command ~ 2}
Engine Transmission Differential Drive
Wheels
FIGURE 1.6

Interaction among components to achieve the system functional and performance requirements.



+ Blockdiagramintroduction

ATheblockis the modular unit of structure in SysMLthat is usedto defineatype
of system,component,componentinterconnection,or item that flows through
the system, as well as external entities, conceptualentities, or other logical
abstractions A block describesa set of instancesthat sharethe 6 f 2
definition. A block is defined by its features, which may be subdivided into
structural featuresand behavioralfeatures

AThe block definition diagram (bdd) is usedto define blocksin terms of their
features and their structural relationships with other blocks The complete
headerfor a blockdefinition diagramis asfollows.

bdd [model element kind] model element name [diagram name]

ATheinternal block diagramor ibd resemblesa traditional systemblockdiagram
andshowsthe connectionsbetweenpartsof a block Theinternal blockdiagram
headeris depictedasfollows

Ibd [block] block name [diagram name]
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o Example block definition diagram

bdd [Package] Structure /J
Camera
1
/ ma), . cm |,
: : Electronics Assembly Camera Module
Protective Housing Mount Assembly -
|‘|‘| parts parts
: MPEG Converter - Camera Housing
- Composite Converter 1a : Imaging Assembly
- Image Processor - Optical Assembly
azimuth motor elevation motor elevation gimbal azimuth gimbal
Y Wl r ,
Stepper Motor . :
PP Flatform Tilt Gimbal Pan Gimbal
Module
75
FIGURE 7.1

Example block definition diagram.
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-+ Example internal block diagram

ibd [Block] Camera [Light F’ath])

boundary :
Light
Interface

_}.

[

: Protective Housing

external :
Unpolarized Light

flow properties
in external light - Unpolanzed Light
out internal light : Polarized Light

Interface

>

- Light

- Camera Module

polanzed :

Folarized Light

_}

':. Filter _l} . Optical Assembly

internal - |

Light

FIGUR

E7.2

Example internal block diagram.
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Blockbasics



-+ Blocks

AThe block is the fundamental modular unit for
describingsystemstructurein SysML

ATheblock symbolis a rectanglethat is segmented
Into a series of compartments The name
compartmentappearsat the top of the symboland
Isthe only mandatorycompartment

AOther kinds of block features such as parts,
operations, value properties, and portst can be
presented in other compartments of the block
symbol

A All compartments,apart from the name compartment,
havelabelsthat indicatethe kind of feature they contain
The labels are depictedin lower caseitalics, are plural,
andincludespacedetweenwords

bdd [Package] Automobhile Example

A
VWheel Automobile
VEILIES parts
pressure - ps eft front - Wheel
size : mm right front : Wheel

eft rear - Wheel
right rear : Whee

VELIES
weight : kg
vehicle id : String

bdd [Model] ACME Surveillance Systems [Some Blo :hs.]a_;,

Products::Cameras::Structure: :Camera

Components::Stepper Motor Module

Standard Definitions:: Standard Hem Definitions::Video




APropertiesare structural features of a block A property hasa type that
defines its characteristics,which may be another block, or some more
basictype suchasaninteger

APart properties (parts for short) describethe decompositionof a block into its
constituentelements

AReferencepropertieswhosevaluesrefer to partsof other blocks

AValue properties describethe quantifiable characteristicsof a block, such as its
weightor velocity

AThe properties compartmentof a block can displayits properties of any
kind.



X )
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AParts descrevemas relacdesde composicac
entre blocos

AEssetipo de composicadhierarquicade blocosé
frequentementevisto em uma lista de materiais

(também conhecida como lista de pecas ou
arvorede produtos)

AUma parte geralmente representa um bloco,
emboratambémpossaserum ator.

AA part é uma caracteristicade um bloco e, como

tal, pode ser listado em um compartimento de
pecasseparadodentrode um bloco.

AMultiplicidade 0. .x (1-*)

bdd [Package] Automobile Example )

Wheel Automobile

values parts
pressure : psi left front : Wheel
size : mm right front : Wheel

left rear : Wheel
right rear : Wheel

values
weight : kg
vehicle id : String




- Parts

- — ibd [Block] Camera [Part Ecﬁ’ectinr‘s,])
bdd [Fackage] Automahile :xan‘plef
: Protective Housing
. i m2
VWheel Automobile
values parts - ma - Mount Assembly
o o m m3
pressure - ps eft front . Wheel
SIZe - mm right front - Wheel
eft rear : Wheel o1
right rear : Whee cm - Camera Module : Electironics Assambly
values
vehicle id : String Connecting parts on an internal block dizgram.

bdd [Package] Structure ,J ibd [Block] Camera [Two ways of showing azimuth gimbal]/l
FMera
T 1 ma : Mount Assembly
— azimuth gimbal : Pan Gimbal
| [ I )
CATOnics AsseT era Module
Protectwe Housing Mount Assembly Electronics Assembly Camera Mo
parts pans
3 : MPEG Converter Camera Housing ] ] R
T T : Composite Converter 3 Imagng Assembly) ma.azimuth gimbal : Pan Gimbal
: Image Processor Optical Assembly
azimuth mobor, elevation motar e By bl .
azim noboe | \L \l(- evation gimi J/az rmuth gimbal FIGURE 7.8
=11 KA rsbiyr R - - - Par,
--EE:JF;JU;EJ Platform Tilt Gimbs Pan Gimbal Showing deep-nested parts on an internal block diagram.

FIGURE 7.5

Showing a block compaosition hierarchy on a block definition dizgram.
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-+ References

bdd [Block] Camera [Power E..:-srs'.e"ﬂ)

Mechanical Power

Electronics Hamess
Mount Hamess

Subsyshem
azimuth elevation
mator motor ris motor focus motor  poweer source
i 3
Stenner Motor Distributiocn Hamess Brushiess DC Motor Power Su
P NET Supp
Module retarences Module ey
Camera Hamess

ibd [Block] Mechanical Power Eubsg,'s'.e-m)

FIGURE 7.10

Reference associations on a block definition diagram.
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| power source : Power Supply  —
1

: Distribution Harness |
1

Fe———— e —— e m e —————————————

iris motor : Brushless DC !
[ Mator Module

B [ S |
‘ i azimuth motor : Stepper i

1
1
! Motor Module H
1

| focus motor : Brushless DC
Motor Module

1
1
1
e re e c et e e et e e - ———
"

elevation motor : Stepper

1
1
! Motor Module
L

FIGURE 7.11

Reference properties and their interconnections on an internal block dizgram.




Values(AIsocaIIedattrlbute)

AValue properties are usedto model the quantitative characteristicsof a
block,suchasits weightor velocity

AThefollowingare the different valuetype categories
AA primitive type supportsthe definition of scalarvalues Integer, String, Boolean,
and Realare predefinedprimitive typesin SysML
AAn enumeration defines a set of named values called literals. Examplesof
enumerationsare colorsand daysof the week

AA structured type representsa specificationof a data structure that includesmore
than one dataelement,eachof whichis representedoy a valueproperty.



@ Va I u e S bdd [Fackage] Basic Defini:inna

avalueTypes wvalueTypes
wenumerations Waypoint Size
bdd [Package] Structura ['n.n’a]ues]J Image Quality - —
aues vales
o fzrEs = : Real width : m
Camera n{;rmal y : Real Peig!‘ut :m
high ength : m
values ®
dimaensions : Size = (0.04,0.03,0.01) wvalueTypes
«normal={mean = "2.1", standardDeviation = "0.01"} powsr : W Faal
sintarval={min = "0", max = "360"} pan field of regard : *
«interval={min = "0.05", max = "0.1"} sensitivity : lux T
wintarval={min = "0°, max = "90"} filt fiald of rogard : *
avalueTypes avalueTypes wvalueTypes
Optical Assembly Frames per Second MHz MB
values
apgm“; {meen 2.:1?" dardDeviati "0.35") focal | h FIGURE 7.17
normal-{mean - Standardbeviation '} focal length : mm Definition of basic value types in a block definition diagram.

FIGURE 7.22

[Pacihage] Etandar Definitions I:e:eq:l\:':e:LJ

Examples of property values and distributions.

[ 1

emodellbrarys

wrndell brarys
5l Definitions

ke aimparts 5l Value Types

metre : Unit | L
definfonURI = "hitp: e blpmang‘en'slis] Brochureschapter?/2-1/metre. himi® I I
quantityking = l=ngth | |
Eymbal = "m" | ' '
wimports | |
r—————-- I

- — ) Aljyre el
] - GuantityKind | |power | QuantitysInd waath - Unit _l | —l |

symbod = syrrioal =P ouantitykind = power

amadelLibrarys emodellbrarys
Basic Definitionsy  |Standard ltem Definition

syrnibal =

FIGURE 7.18

Importing the 3| definitions defined by SysML.
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Behaviour



» Behaviors

ABlocksprovide a context for behaviors which encompassesny and all
descriptionsof how the block handlesinputs, outputs, and changedo its
Internal state.

AA blockcandesignatea behaviorasits primary behavior(classifiey.

AThesebehaviorswill be usedin activitied state machinesandinteractions
A Activities turn inputsinto outputs.
A State machinesare usedto describehow the blockrespondgso events

A Sequencesiescribehow parts of a blockinteract with eachother usingmessage
passing



bdd [Package]Logical[Behavioral Features] )

«block»
Command Center
operations

prov threat report() : String

provreqd alert summary() : String

reqd incident video(alert : Alert Id) : MPEG4

provreqd status report(system : System Id, report time : Date)
«signal»Status Report(id : System Id, log time : Date, report : String)
reqd «signal»Status Ack(id : System Id, log time : Date)
«signal»System On(id : System Id)

«signal»System Off(id : System Id)

«signal»Alert(id : System Id, alert : Alert Id)

«signal»Stand Down(id : System Id, alert : Alert Id)

«block»
Surveillance System

classifier behavior
«stateMachine»Surveillance System( )

owned behaviors
«activity»Monitor Site( )
«activity»Handle Status Request(camera id:Integer):String

operations
reqd threat report() : String
prov incident video(alert : Alert Id) : MPEG4
reqd «signal»Status Report(id : System Id, log time : Date, report : String)
prov «signal»Status Ack(id : System Id, log time : Date)
reqd «signal»System On(id : System Id)
reqd «signal»System Off(id : System Id)
reqd «signal»Alert(id : System Id, alert : Alert Id)

FIGURE 7.30

87 Blocks with behavioral features.



88

BlockRelationships



+ Relationshipbetweenblocks

ACompositeassociations describewhole-part relationships.

AReferenceassociations describe a logical hierarchy that references bloc
that are part of other composition hierarchies.

AHeritage- describethe hierarchicalpecializatiorof elements

A Polymorfism¢ different objects with the sameroot, that canresponseto the same
request



C omposition

AA compositionrelatestwo blocksin a relationshipof part to whole.
Alt hastwo ends,one describinghe whole andthe other describingthe part.

ATheupperbound of multiplicity at the integerend is always1 becausean instance
of a part canonly existin awhole at anygiventime.

AA composition is shown as a line between two blocks the end of a
compositeassociations adornedby a blackdiamond.

AEachend of the compositioncanshowa nameand a multiplicity .



|

-+ Compositiorexample

bdd [Package] Structurs )
Camera
1
- cm
y May g \1—
. \ Electronics Assembl Camera Module
Protectve Housing Viount Assembly Y
parts Darts
: MPEG Converier amera Housmng
. Composite Converter a . Imagng Assembly
. Image Processor Dptical Assembly
azimuth mobor eevation maotor l; evation gimba azimuth gimbal
o k 9 E
s LR E e
Stepper Mobo . - -
¥ Platfioem Tilt Gimiba Han Gmmbal
Viodule - .

FIGURE 7.5

showing a block composition hierarchy on a block definition diagram.
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-+ Reference

AReferencesenable an instance of a block that contains the reference
property to refer to an instanceof the block that types the reference

property.
AReferenceassociationsare usedin a block definition diagramto capture
relationshipbetweenblocks

AA referenceassociationis representedas a line betweentwo blocks One
end of an association can be represented by a white diamond
(aggregation)

AWhen there is a reference property at only one end, the line has an open
arrowhead at the end of the binding pointing from the owner of the reference
propertyto the referencedtype.

AThereis no arrowheadat the end of the bindingthat ownsthe referenceproperty.

Alf the referencebindingis bidirectional (that is, it hasreferencepropertiesat both
ends),there are no arrowheadsat either end.
92
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-+ Referenceexample

bdd [Bisck] Camera [Power E..E-E}‘E'.E'W])

Mechanical Power

cuDsyshiem
azimauth slevaton
motor mobor ns rmokor focus motor noIer SoOUrce
w 5 o, ¢
Steooer Maotor Distributon Hamess Brushiess OC Motor Sower Su
- NEer Supp
Module MEMEMBNCES Kodule Py
amera Hamess
Electronics Hamess
Miount Hamess

Reference associations on a block definition diagram.
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Heritage

Aln SysML a classifieris a type that can be used as the basisfor more

specifictypes

AA more specializectlassifierwill inherit the commonfeaturesof the more
generalclassifierand may containadditionalfeaturesuniqueto It.

AThe relations
classifiens cal

ADifferent bloc

nip between the general classifier and the specialized
edgeneralizatioror specialization

KsIn a classificationhierarchy can have different structural

characteristics

AWhen a resourcein a superclassis reset into a subclass the original
resourcein the superclasss no longeravailableto the subclass
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bdd [Package] Physical [Two Specialized Types of Cameraﬂ

«block»
Camera

parts
: Electronics Assembly
: Protective Housing
: Camera Module
ma : Mount Assembly

|

«block»
Wired Camera

parts
: Ethernet Card
: Power Supply

«block»
Wireless Camera

parts
: Battery
: WiFi Card

values
battery life : s{unit = hour}

FIGURE 7.48

Example of block specialization.
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~+ Propertiesalueg especialization

bdd [Package] Components [Types of Motorj)

«proxy»control input : control if El

Motor Module

values
weight : g
power : W
torque : mNm

T

Stepper Motor
Module

Brushless DC Motor
Module

values

step size : mm

«interval»{min = "8", max = "30"}weight : g{redefines weight}
«interval»{min = "5", max = "12"}power : W{redefines power}
«interval»{min = "1.5", max = "6"}torque : mNm{redefines torque}

(1]

values
«interval»{min = "0.3", max = "1.5"}weight : g{redefines weight}
«interval»{min = "0.2", max = "0.5"}power : W{redefines power}
«interval»{min = "0.02", max = "0.03"}torque : mNm{redefines torque}

LV ]

«proxy»position : position if

FIGURE 7.49

Showing a classification hierarchy on a block definition diagram.




~+ Polymorphisnexample
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bdd [Package] Components [Imaging])

«block»
Image Sensor

values
frame rate : fps
resolution : pixel area

frame rate : fps = 12{redefines frame rate}

«block» «block»
Micron MT9TO001 Aptina MTO9M034
values values

frame rate : fps = 45{redefines frame rate}

resolution : pixel area = 2048x1536{redefines resolution}| |resolution : pixel area = 1280x960{redefines resolution)

FIGURE 7.52

Two kinds of Imaging Assembly.
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BlockConfiguratior

ibd [Block] AJM Enterprises SystemJ

AA block
configuration is
constructed
using the
generalization
relationship.

AThe
configuration
becomes a
subclass of the
block for which
Itis a
configuration.

bdd [Package] Camera Systems [System Conﬁgurations])

front : Wired External
Camera

initialValues
camera id = "AJMIWI1"
position = "(1.5,2.1,2.5)" |:
tilt field of regard = "90"
pan field of regard = "270"

router : 6 Port Router

ethernet ports : RJ45
Interface (Female) [6]

computer room : Wired
Internal Camera

B initialValues
- camera id = "AJMWL3"

LT

reception : Wired Internal
Camera

initialValues
camera id = "AJMWL1"
position = "(1.2,1.0,3.0)"
tilt field of regard = "75"
pan field of regard = "180"

L

ethernet : RJ45
Interface (Female)

L] position = "(1.5,2.5,2.3)"
pan field of regard = "180"

ethemet : RIS | i fieid of regard = "80"

Interface (Female)

store room : Wired
Internal Camera

initialValues

Interface (Female)

[] camera id = "AJMWL2"

«block»
Surveillance System

parts
cameras : Camera [0..*]
modem : ADSL Modem [1]
workstation : PC [1]

values
location : String
service level : String

T

ethemet : RJ45

position = "(1.6,2.2,2.0)"
Interface (Female)

tilt field of regard = "90"
pan field of regard = "90"

ethernet : RJ45

«block»

4-Camera Wired Surveillance System

FIGURE 7.59

Showing the configuration of a block on an internal block diagram.

parts

cameras : Wired Camera [4){subsets cameras}

—= router : 6 Port Router

{incomplete, disjoint}

front : Wired External Camera {subsets cameras}
reception : Wired Internal Camera {subsets cameras}
store room : Wired Internal Camera {subsets cameras}

computer room : Wired Internal Camera {subsets cameras}

Configurations
«block» «block»
AJM Enterprises System Jones Household System
parts parts

front door : Wired External Camera{subsets cameras}
garage : Wired External Camera{subsets cameras}
pool : Wired External Camera{subsets cameras}

rear door : Wired External Camera{subsets cameras}

values

service level = "Business Gold"{redefines service level}

location : String = "Sulte A, AJM House, NY"{redefines location}

values

location : String = "200 Oak Ave, Newark"{redefines location}
service level = "Household 24/7"{redefines service level}

FIGURE 7.58

Modeling different configurations of a block on a block definition diagram.
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Block Internal Interconnection
(1bd)



|
-—

=+ |nternalBlockDiagram
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ibd [Block] Camera [Light Path] J

boundary :
Light
Interface

a.

: Protective Housing

>

external :
Unpolarized Light

:flow properties
in external light : Unpolarized Light
out internal light : Polarized Light

: Camera Module

: Light
Interface
2 >
polarized : internal : |
Polarized Light Light

b: Filter _|): Optical Assembly

FIGURE 7.2

Example internal block diagram.




- Ports

AA port representsan accesspoint on
the boundary of a block and on the
boundary of any part or reference
typedbythat block

AA block may have many ports that
specify different accesspoints. Ports
can be connectedto one another b
connectors on an internal bloc
diagram to support the interaction
betweenparts

A A full port is equivalentto a part on the
boundary of the parent block that Is
made available as an accesspoint to
and from the block

A A proxy port doesnot constitute a part
of its parent block, but instead provides
externalaccesdo andfrom the features

of its parent blockorthe 60 t 2 @

101 without modifyingits inputs or outputs.

FIGURE 7.32

bdd [Package] Physical [Camera Mounting I"'.er’al:se])

right
front [1]

t =f
back [1] front [1] back [1]

rt€) a

A full port with nested ports.

bdd [Package] Physical [ Wired Camera Physical Inber':x:e:/

FIGURE 7.34

5
.
%E]

mount mount mount

=ft back eft front  right back right front

(1] 1

T_D1-[1]
T¥_D1+[1]
R¥_D2-[1]
R_D2+ [1]
BI_D4- [1]

BI_D4+ [1]
Bl_D3- [1]

BI_D3+ [1]

A block with nested ports.




» Conector

AA connectoris usedto connecttwo partsand providesthe opportunity for
those parts to interact, althoughthe connectoralone saysnothing about
the nature of the interaction

AThe interaction may include the flow of inputs and outputs between
parts, the invocationof operationson parts, or the sendingand receiving
of signalsbetween parts, or it may be specifiedby constraintson the

propertiesof the partsat eachend.

AA connector can have an association block that allows for further
definition of the characteristicof the connection

Aln an ibd, the connector between two parts is representedas a line
connectingtwo part symbols
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~+ Connectingorts

ibd [Block] Wired Camera[Wired :HP'E'E.]'J aprCay
video :
- . [ ™
ma : Mount Assembly - Electronics Assembly HIII:-:n.,-:-E.te
Jideo
afulls . Platform . . terface |
ol j - Composite -
Tl prate - Converter oy 7
nl-ll.r_rl.l.. r'.ll:“-l.-l-. ..IE I.!_--\.l I-F'\-IE'1-E
Mount Plate Video Interface
K Proxy» EEEEE'
power - 3 Pin s
AC Plug I"Il_.er,.-.-:e
- : ale) _—
nterface - Power Supply : Ethernet Card SMae) sproxys -
a proxy s | sthemet - L
power : 3 Pin =~J45
AL Plug Inerface
nterface |Femalz)
FIGURE 7.35

Connecting ports internally to a block.



ADefining the flows between different
parts of a system can provide an
abstract view of their interactions.

AEach flow property has a name, type,
multiplicity, and direction.

AAnN item flow specifies the type of item
flowing and the direction of the flow.

104

bdd [Package] Standard Item Definitions

ablocks Elock
Light MPEG4
i valugs
flux e rate | Hz{unit = hertz}
llut - Inty

FIGURE 7.23

tems that flow in the Camera system.

bdd [Packag al Analys's [Dptical Equ :-"ent:J
ablocks ablock
Light Source Light Sens
L'-"'E.l" 1L ig-r't 3:-'1'.‘ n ;F-. : Ligh
FIGURE 7.24
Flow properties on blocks.

bdd [Package] Optical Analysis [Laser Test

« Blocks
Light

Mz 2 WiLmIE = watt]
ance - it = o}

ablocks
Polarized Light

walles

1 Las I 51 : Polarized Light Sensor
[= znt : Coherent L glr.I

12:L > ls.’! : Polarized Light Sensor
polarized - Pelarized Light

13:L | 2 |53 : Polarized Light Sensor
ht - Light |

FIGURE 7.27

ltem flows between parts.




- ltemflows betweenports.

bd [Block] Camera[Light =:-:.h;,J

slpaby
hﬁﬂd-ﬂ’;{.j.. » Camera Module
A _ _ u POy e
r-IE::fFI:.;n - Protective Housing light in - _.”l
- ‘_r Mow properties > Filter *F| e - Optical Assembly
n external light : Unpolarized Light |
- - = "
external : out internal light : Polarized Light POIArDELd - nterna

105  FIGURE 7.44

temn flows between ports.
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SysML
Diagram
A\
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram
FIGURE 3.1

SysML diagram taxonomy.




ParametridDiagram

MODELING CONSTRAINTS WITH PARAMECRKFS ER 8
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| ntroduction

AA typical designeffort includesthe need to perform different types of
engineering analyses such as budget analysis sensitivity analysis and
designoptimization

AMay include analysis of system performance, reliability, cost and
propertiesinto consideration

ASysMLsupports this type of analysisthrough the use of parametric
models

AParametricmodels constrain the properties of a system which can be
evaluatedby an appropriateanalysigool.

AConstraintsare expressedas equations with the parameters of the
equations being linked to the Properties (valueg of the system being
analyzed



109

X )
&
s |0

-+ ConstrainBlock

ASysMLintroducesthe constraint

block to support  the
construction of parametric
models

AA constraint block is a special
type of block used to define
equations so that they can be
reusedandinterconnected

AConstraintblockshavetwo main
features a set of parameters
and an expression (Constrain).

bdd [Package] Power Analysis

woonstraints
P ower Consumpition

consfraints
pe © Joule's Law
ps @ Power Sum

paramalars

component demands : W [0..7]
current ;| A
voltage | W

T

pe .l

ps

wConstraints
Joule's Law

wCOnSE traints
Power Sum

consfraints
{power = curment® voltag e}

consfraints
[total power = sum
(componant demands)}

parameiers
cument ; A parameters
voltage : W component demands @ W [0..7]
power @ W total power : W

FIGURE 8.5

A hierarchy of constraints on a block definition diagram.
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- ParametridDiagram

AParametricdiagramsare usedto
create systemsof equationsthat
can constrain the properties of
blocks

AThefull headerfor a parametric
diagramis asfollows;

Apar [model elementkind] model
elementname[diagramname]

FIGURE 8.2

par [ConstraintBlock] Power Consumptioy

pe: Joule’s Law

. current : A
current : A | ]
. [
power : Wﬁroltage VL voltage : V'—|

| |total power : W

ps: Power Sum component demands : W [0..]
component demands : W [0..*] [

A parametric diagram used to construct systems of equations.
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-+ |nterligandoparametros
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par [Block] Mechanical Power Subsystem [Power Consumption] )

demand equation
: Power Consumption

voltage : V [
current : A E
component demands : W [0..%] [

th

-~

power source

voltage : V

A

c:WI[0..%]

current : A

e e e e

IS
5
=

altitude moto

—=T=1r

e o o ——— — —— —

M o ———— —

FIGURE 8.7

Binding constraints to properties on a parametric diagram.
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- Pointingvalues

par[Block] Mechanical Power Subsystem with 2W and 0.4W motors [All Values Supplied])

AToenablean analysigool to evaluate

tiles containingconstraintproperties E
at leastsomeof the value properties coponendomards w101

of the block under analysisneed to
havespecificvaluesdefined

____________________

____________________

f azimuth motor.power : W =2

: Collect . :
ct:w[ |
2 W] ltiude motorpower : W=2 _ |

C:W[0.*] - caw E_L_
f

___________________

c4:W E ocus motor.power : W=0.4 |
CeT ST T T T
iris motor.power : W= 0.4 :

AOften, these values are provided me=e
during analysisthrough the analysis
tool interface, but they can also be

specifiedusinga blockconfiguration

A Thisis doneby creatinga blockspecializatiorwith
the requiredinitial values or by usingan instance

specificatiorto describea blockinstance
112
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-+ Possibility of dynamic simulation

par[Block] Accelerating Object [Distance Traveled] )

= = = s s s s e e S S S S

-

'l : Reference Clock | : Distance at TO
: i {if (t=0) d=0}
| time:s | ,
Il : L t:s d:m )
d:m
( d:m
: Distance Equation
{d=u*t+(a*t?)/2} 2 m/s2 =98

t:s

a: m/s?

: 1
. u:m/s

.y

u:m/s'=0

113
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~+ Parameterizing allows comparison

bdd [Package] Night Performance [Measures of Effectiveness] )

Camera

«moe»weight : kg

values

«moe»power consumption : W
«moe»environmental friendliness : Integer
«moe»light level : lux

T

Camera with Light

values
«moe»power consumption : W = 20
«moe»environmental friendliness : Integer = 4
«moe»lightlevel : lux = 0.01
«moe»weight : kg = 0.3

Low-Light Camera

values
«moex»power consumption : W = 10
«moe»environmental friendliness : Integer = 10
«moex»lightlevel : lux = 0.25
«moe»weight : kg = 0.2

FIGURE 8.14

Two variants of a camera for handling low-light conditions.
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SysML
Diagram
A\
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram
FIGURE 3.1

SysML diagram taxonomy.
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Activity Diagram

MODELING FLOBASED BEHAVIOR WITH ACTIVUHAPTER 9
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» |ntroduction

AAn activity (function) is aformalismto describebehaviorthat specifieghe

transformation of inputs into outputs through a controlled sequenceof
actions

AActionsare the buildingblocksof activitiesand describehow activitiesare
performed

AObiject flows canconnectthe output pin of one actionto the input pin of
anotheractionto enabletoken passing

AThesetokens can correspondto anything that flows, such as information or a
physicaitem (e.g., water).

AAnN activity diagram defines the actions in an activity, along with the
Incoming/outgoingflow andcontrol betweenthem.



. TheAct|V|tyD|agram

AAn activity diagram defines the
actionsof an activity alongwith the

Incoming outgoing flow and control
betweenthem.

Aact [model element kind] activity
name[diagramnam¢g

**BD for Activities

119

[Logon Failed]

FIGURE 9.1

An example activity diagram.

bdd [Package] Behavio

r [Example of Activity Decomposition])

Gen

«activity»

erate Video Outputs

a2

al a3
«activity» «activity» «activity» «activity»
Process Frame Convert to Composite Produce Test Signal Encode MPEG

FIGURE 9.2
An example of an ac

tivity hierarc

hy in a block definition diagram.
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act Operate Camera [Invocation Actions] )
«optional» «optional» «optional» :
f:aptured input signal MPEG woptional»
image {stream) output MPEG output :
{stream} {stream) MPEG4[0..1]
«optional» : Collect Images : Capture Video : Generate {stream, direction = out}
current image : «optional» Video Outputs
Light[0..1] ext image = —~
{stream, direction= in} {stream} I‘I‘I > Fl'\ ptinnaln coptional»
«optional» «optional» composite composite out :
-I:aptured video out out {stream} Composite[0..1]
Image {stream} {stream, direction = out}
{stream}
FIGURE 9.5

Invocation actions on an activity diagram.
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TokensandPins

ATokens contain the inputs, outputs,

and control valuesthat flow from one
actionto another

AAnN action processegokens placedon
Its pins.

AA pin actsasa buffer where the input
and output tokensof an action canbe
storedbefore or duringexecution

AThe tokens on the input pins are
consumed processedby the action,
and placed on the output pins for
further actionsto be accepted

al
required input [1] required output [1..*]
«optional» input [0..1] «optional» output [0..*]

AEachpin hasa multiplicity that
describeghe minimumand
maximumnumberof tokens
that the stock consumesr
producesin anygivenrun.



Item/QObjectflow and Control
flow



Usingblocksto describeflows betweenactions

AThe conceptof object flow describeshow input and output items flow
betweenactions
AceFFBR 5 C5 ¢

AObject flows are used to route input/output tokens that represent
Information and or physicaitemsbetweenobjectnodes

A Activityparameternodesand pinsare two examplef objectnodes

AODbijectflows can connectthe output pin of one action to the input pin of
anotheractionto allowtokensto pass

AFlowscanbe discreteor continuous

AThe continuousflow representsthe situation where the time between tokens is
effectivelyzera
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- /O activationmoment

Anonstreaming- can only accepttokensbefore the activity starts running,
and the activity parameter node for a non-streamingoutput parameter
canonly providetokensafter the activity hasfinishedrunning

Astream_ing - The correspondingactivity parameter node can continue to
acceptinput tokensor produceoutput tokensduringthe executionof the

activity.

AAdditionalcharacteristicof the oct OporaloCamera [Aciviy Framel
parameter suchas itsdirection conta : Comtiguration Dete o
andwhetherit isflowing, are recton —i (svoam, arecton - o)
shownbetweencurlybrackets
within the parameternode Ty .
Sym bOIaﬂ:er the nameStrl ng or {stream, drection =Eni' : i;stream, dirsction— om}[ -
floating nearthe symbol | |

Specifying an activity using a frame on an activity diagram.



» Buffers e Data Stores

AA central buffer node providesa storagefor objecttokensoutside of pins
and parameternodes

AActivities sometimesrequire the same object tokens to be stored for
accesdy multiple actionsduring execution A type of objectnode called
a data store node canbe usedfor this.

AUnlike a central buffer node, a data store node providesa copy of a stored token
Insteadof the original
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video out : Video
{stream}

act Capture Videcﬁ
light in focused light light in
{stream} {stream} {stream}
«optional» :Focus Light «datastore» :Convert Light
captured image : Image , -
current image :
{stream)} : images

{stream}

light in
{stream}

focus position
{stream}

:Adjust Focus ]

FIGURE 9.11

Using a data store node to capture incoming light.



AThe conceptof control flow providesadditional constraintson when and
In what order activitieswill be executed

AFFBD

A Anincomingcontrol flow allowsan action to start execution, andatoken

Acontrol is offered in an outbound control flow when an action completes its
execution

AWhen a control flow connectsone action to another the control flow's
targetactioncan't be started until the sourceaction completes

AControlnodes,suchasjoin, fork, decision merge,initial, andfinal, canbe
usedto route control tokensto further specifythe sequenceof actions



AA fork node hasone inflow and one or more outflowst
It replicatesall the input tokensit receivesn eachof its
output streams

AThe tokens in each output stream can be handled
iIndependentlyand simultaneously

ANote that this replication of tokensdoesnot imply that
the itemsrepresentedoy the tokensare replicated

Aln particular, if the item representeds physica) replicationof
that physicalbbjectmaynot evenbepossible

129



AA join node has an output stream and one or more
Input streams- Its default behaviorfor object streams
IS to produceoutput tokensonly when an input token
Isavailablein eachinput stream

AWhen this occurs it placesall input object tokensinto the
output stream

AThis has the important feature of synchronizingthe
flow of tokensfrom multiple sources

130




Decision

AA decisionnode hasone input streamand one or more
output streams- An input token can only go to one
output stream

ATheoutput streamis typically establishedoy placingmutually
exclusiveguardsin all output streamsand offering the token
to the streamwhoseguardexpressions satisfied

AThe"elsé' guard expressioncan be usedin one of the
node'soutput streamsto ensurethat there is alwaysa
streamthat canacceptatoken.

0

Ship Order

[In stock]

[Out of stock]

Hold Order




-+ Merge

AA mergenode hasone outflow and one or more inflows
T It routes each incoming token in any inflow to Its
outflow.

AUnlike a join node, a merge node does not require
tokensin all of its input flows before offeringthem in its
output flow.

Alnstead it offers tokens in its output stream as it
receivesthem.
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act Generate Video Outputs [Routing Flﬂw&jJ

[31 Produce Test Signalj

test signal
{stream}

video in
{stream}

input signal : Video

a2:Process Frame

MPEG out

{stream}

I:I a3:Encode MPEG ’j

MPEG output :
MPEG4
{stream}

{stream} raw |-|-| composite
frames processed out {stream}
{stream} frames |
{stream} ad: Convert composite u:.}ut :
to Composite ' Composite
video in |-|-| {stream)
{stream}
FIGURE 9.8

Routing object flows between invocations.




Triggerindogicusingcontrolnodes

AAIl constructsused to route object streams can also be used to route

control streams
Alnitial node - When an activity starts running, a control token is placedon each
Initial node in the activity. Thetoken canthen trigger the executionof an action

throughan outboundcontrol flow.
AActivity final node - When a control token or object hits an activity end node
duringthe executionof an activity, the executionof the activity is terminated

AFlow final node - Control or object tokens received at a flow end node are
consumedbut haveno effect on the executionof the boundingactivity.



- TriggerControl

AA control flow can be
representedusing a dashedline
with an arrowheadat the target
end.

AA start node symbolis shownas
asmallsolidblackcircle

AThe symbol of the end node of
the activityisshownasatarget.

act Follow Scan Home)

I
I
I
{Alf}this.count=0
|

[{Alf}true] i

Y

|
A4

{Alf}[this.count=<route
size]

route __|:Position Camera
position
|

S ———

[
|
@If}this.count = this.count §D» ————————— 7

FIGURE 9.12

Control flow in activities.
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-+~ Controlactions(enablédisablg

AA S pe C I al b e h aVI O r Cal Ie d th e act [controlOperator] Convert Bool to Control)

[bool in]

CO n tro I O pe rator p rO d u Ces _(«valuegﬁzgilf;caﬁon»:
control values through an boolin: Bocean| > > }

~
| «valueSpecification»

output parameter typed by _ disabie
ControlValue GURE .13

Using a control operator to generate a control value.
AA control operator caninclude
complexcontrol logicand can " e
be reused in many different = S T )
activities through a call g

test value to Control
b e h aVI O raCtI O n- X%[:[a‘l 1:Generate Test Signal)] ﬁ[ test signal : Video
time

after (0.5) test

-~

control out:
ControlValue

signal signal
{stream} {stream}

FIGURE 9.14

Using a control operator to control the execution of an activity.
136




RelatingActivitiesto
Block#Other Behaviors



ACtIVItI es- blocks

AActivities are usually specifiedindependentlyof structure (i.e., blocks),
andtheir executionsemanticsdo not dependonthe presenceof blocks

AHowever,asthe designof the systemprogressesthe relationshipbetween
the behaviorsof a system expressedn this caseusingactivities,andthe
structure of a system,expressedisingblocks,needsto be established

AThe classicalfunctional decompositionmethod of systemsengineering
allocatesfunctionsto components




* Relatingusingpartitions (swinlanes

AA set of activity nodes can be grouped into an activity partition (also
known as a swimlang that is usedto indicate responsibility for running
thosenodes

ASwinlanes are represented as rectangular symbols that physically
encompassthe action symbols and other activity nodes within the
partition.

AEachswinlanehas a headercontainingthe name string of the template element
representedy the partition.
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act Manually Track Intruded

[Intruder|off camera]

security guard
Advanced Operator

[ Select Camera ]

L'_l new camera

Intruder Intel

[Intruder

has moved]

Intruder Intel

[ Move Joystick ]

Lrl joystick command

\g—/

«datastore»

£ current camera

2¢€

28

g current

= @ camera joystick vector )

s tilt commands

§ Q {stream} {stream} tstream]

o= (> Tilt Camera >

> Issue Camera Commands

g g

£ED

S Pan Camera >
pan commands
{stream}

FIGURE 9.21

Activity partitions.
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act Log On I

«block»
System Context

company security system : Surveillance System

security guard : Operator

:User Interface

:Controller

aEEsssssssE s ===

[Logon Failed]

1 - ) Enter User
® ; { Data ’:]

AV

Read
Response

Read User
Data

[Details:lncorrect]
1

[Details|Correct]
' Vi

Respond OK )| Respond with
Error

Relay
Response

[>3 Failures]

_______________

T

FIGURE 9.22

Nested activity partitions.




Usingbdd to modelactivities
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AA top-levelactivity in the activity hierarchyis composedof
a lower-level activity, when a call behavior action
containedin the top-level activity invokesthe lower-level
activity.

AThe activitiesin the block definition diagramcorrespond

to the sameactivitiesspecifiedin the activity diagrams

AHowever, the parts in the block definition diagram have no
explicitrelationshipto the call behavioractionsin the activity
diagramsandare giventhe samename



~+ Hierarchyin the bdd
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bdd [Package] Behavior [Decomposition of Activity Generate Video Outputs] )

Process Frame

Convert to Composite

Produce Test Signal

«activity»
Generate Video Outputs
«adjunct»azv «adjunct»a4,|, «acljunct»a‘lv «adjunct»a3
«activity» «activity» «activity» «activity»

Encode MPEG

¢

«adjunct»al13 \L

«adjunct»a12

«adjunct»ali

«activity»

Receive Test Messages

«controlOperator»
Convert Bool to Control

«activity»
Generate Test Signal

FIGURE 9.26

An activity hierarchy modeled on a block definition diagram.




-+ Usingassociations

bdd [Package] Behavior [Decomposition of Activity Capture Video])
«block» video out «activity»
Video Capture Video
images T T
cvi cv2 cv3
«activity» «activity» «activity»
Convert Light Adjust Focus Focus Light
focus
focus «valueType» | position
position Real
light in
o light in
light in «block» focused light
Light :
captured image
current image

FIGURE 9.27

An activity hierarchy with parameters.
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e AddingParameters(Constraint$
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lbdd [Package]Behavior [Generate Video Outputs with Parameters/]J

«activity»
Generate Video Outputs

values
available memory : MB

f

ad

«constraint»
Memory Use

parameters
available memory : MB
required memory 1 : MB
required memory 2 : MB
required memory 3 : MB

par [Activity] Generate Video Outputs [Memory Ca\culaiionﬂ

ald a2 A
«activity» «activity»
Encode MPEG Process Frame
values values

memory usage : MB

memory usage : MB

«activity»

Convert to Composite

a2.memory usage : MB

values
memory usage : MB

a3.memory usage : MB

ad.memory usage : MB

i

«constraint»
: Memory Use

available memory : MEl:

| ] required memory 1: MB
| ] required memory 2 : MB

|| required memory 3 : MB

available memory : MB

FIGURE 9.29

FIGURE 9.28

A parametric diagram describing constraints on an activity.

A bdd describing value properties and constraints for an activity.

L[]



- Bem... vamos caminhar nos diagramas:

SysML
Diagram
[\
Package Requirement Behavior Parametric Structure
Diagram Diagram Diagram Diagram Diagram
. State Block Internal
Activity || Sequence | | y1ochine | | US€ €358 | | pefinition | | Block
Diagram Diagram : Diagram . .
Diagram Diagram Diagram

FIGURE 3.1

147 SysML diagram taxonomy.



State Machine Diagram
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Science of Computer Programming 8 (1987) 231-274 231 ¢

e — North-Holland ALU_B

Q CITIZEN

EEDER &

C
|12 :3|‘?'z'| )
STATECHARTS: A VISUAL FORMALISM FOR
COMPLEX SYSTEMS* S\TTT7

David HAREL

Department of Applied Mathematics, The Weizmann Institute of Science, Rehovot, Israel

Fig. 7.

Communicated by A. Pnueli
Received December 1984
Revised July 1986

Abstract. We present a broad extension of the conventional formalism of state machines and
state diagrams, that is relevant to the specification and design of complex discrete-event systems,
such as multi-computer real-time systems, communication protocols and digital control units. Our
diagrams, which we call statecharts, extend conventional state-transition diagrams with essentially
three elements, dealing, respectively, with the notions of hierarchy, concurrency and communica-
tion. These transform the language of state diagrams into a highly structured and economical
description language. Statecharts are thus compact and expressive—small diagrams can express
complex behavior—as well as compositional and modular. When coupled with the capabilities
of computerized graphics, statecharts enable viewing the description at different levels of detail,
and make even very large specifications manageable and comprehensible. In fact, we intend to
demonstrate here that statecharts counter many of the objections raised against conventional state
diagrams, and thus appear to render specification by diagrams an attractive and plausible approach.
Statecharts can be used either as a stand-alone behavioral description or as part of a more general
design methodology that deals also with the system’s other aspects, such as functional decomposi-
tion and data-flow specification. We also discuss some practical experience that was gained over
the last three years in applying the statechart formalism to the specification of a particularly
complex system.
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Citizen quartz multi-alarm 111

{ main

£

displays

Lularms -
beep

PRER!

rolarml -status

{

disabled

l | d { ]
(inalarml.off (in

aolarm|i. on)

enabled

{

!
I
|
|
I
|
|
I

disabled

d d
{inalarm 2.0ff) (in

enabled

I
I
I
alarm 2.on)|
|
I
I

I chime-status

(in chime,on)

disabled

d d

(inchime. off)

u

( enabled l

quiet

3
i 2secin
whole hour

beep

1

light )
of f
bl |b
on
power |

weakens

batt. inserted

batt. removed
/clh(main®)

weak batt. dies
/clh (main®)

Fig. 28.
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Many of the methodologies suggested for the specification of complex systems,
such as SADT [26] and HOS [11], concentrate mainly on the structural and
functional aspects of these systems, and do not provide any dynamic semantics to
cover their precise behavioral aspects. Either explicitly or implicitly, these methods
recommend that the control be specified in some suitable programming language
or PDL. Usually, they provide only means for functional decomposition with some
data- and control-flow information. Consequently, approaches like those of [26, 11],
when taken on there own without the addition of control-oriented code, are suitable
only for transformational systems. In [30] it is proposed that such methods be
augmented with conventional state-machines for behavioral control.

151



+ |ntroduction

AState machines are typically used in SysMLto describe the state-
dependent behavior of a block throughout its lifecycle which is defined
In terms of its statesand the transitions betweenthem.

A A state machinefor a block might start, for example when it starts booting, then
transitionsthroughvariousstatesin responseto different stimuli, and endswhenit
completesshutdown

AStatemachinestypically belongto your blocksand run within the context
of aninstanceof that block

AStatemachinesn different blockscaninteract with eachother by sending
signalsor invokingoperations

AState machines can also specify constraints within states or in
transitions. Constraints can specify equations that correspond to
different behaviorsor different levelsof performancethat must be true

- In different states



w .
~+ Example of a state machine

stm Surveillance System )

Turn Off ) )
g (jr == "Yes")y Confirmation
—3  idle K
J“-\.

Shut Down Cameras Response (r)
= { shutting down ]
after (60 s)/ . Shutdown
Startup Display “Timed Out" Status r=="No’] [in (logged on))/
Confirm
W Shutdown
initializing J finit OK] Request
System operating
KO

entry/Display "Operating” Status
do/Monitor Site

[not init OK] exit/Display "Shutdown" Status

!

| System OK
~—[ diagnosing )

153




StateMachineDiagranElements

AStatemachinediagramsare sometimesreferredto asstate chartsor state
diagrams
AThefull diagramheaderfor a state machinediagramis asfollows:

Astm [stateMachiné state machinename[diagramname]



States
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@ :”%T;’ States

stm Surveillance System)

AState representssome significantcondition in an L _%T”m“ff |

element'slife, typicallybecauseit representssome| | operating
entry/Display "Operating" Status

changein how it respondsto events and what “"’fl';&”“i?’ e

behaviorsit performs —

A Eachstate can contain |nput and output behaworsthat
run whenever the state is entered or terminated,
respectively In addition, the state can contain a

behaviorthat is executedonce the input behaviorhas
completed

ARegion describe staterelated behavior of the
state machine



\ 2
=3

AA state machine can contain one or more regions which together
describethe behaviorrelatedto the state of the state machine

AEachregion is defined in terms of states and pseudostates and the
transitionsbetweenthem.

AAn activeregionhasexactlyone activestate within it at anygiventime.

AThe differencebetweena state and a pseudostateis that a pseudostate
doesnot havea region,whichexistsonly to help determinethe nextactive
state.



-+ Multi-region

AA multi-region state machine can describe
concurrent behaviors happening within the ( A N

block

flick
Alf the behaviorsof the parts are specified the
relationshipbetweenthe state machineof the e after 1 s

parent block and the behaviorsof its parts |- --==--cc------

- flick
mustalsobe specified | '
o
@ flick

\. J
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Startand Endof the regions

ATheinitializationand completionof a regionare describedusinga pseudo
start state anda final state, respectively

AAn initial pseudostateis usedto determine the initial state of a region An initial
pseudostatas shownasafilled circle

AWhen the active state of a region is the pseudostateend state, the region has
completed, and no more transitions occur within it. A final state is shown as a
target.

AThetermination pseudostateis alwaysassociatedvith the state of an entire state
machine If a pseudo termination state is reached, the behavior of the state
machinewill terminate. A pseudotermination stateis shownasan X



Transitions
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Tra nsitions

AA transition specifieswhen a state changeoccurson a state machine

AState machinesalwaysrun to completion when a transition is triggered,
which meansthey can't consumeanother trigger until the state machine
hasfinishedprocessinghe event

AA transition is shown as an arrow between two states, with the head
pointingto the target state.

AThe definition of the transition behavior is shown in a string in the
transition with the list of triggersfirst, followed by the guardin brackets,
andfinally the transition effect precededby a slash

ATransitionsare composeaf: triggers[guardd/ effects



stm Survaillance System "J

‘ Turn Off ]‘
[ dle W Shutdown Confirmed/Shut Down Cameras
J"'I-

{ shutting down ]

3
Startup Enfltﬂrlgﬂqﬁl'-" ) Shutdown
splay *Timed Out® Status [in {logged on))/
] Confirm
Shutdown
initializing J (init OK] Request
Systam operating
KQ 5 entry/Display "Operating” Stalus
_ do/Monitor Site
[not init OK] o exit/Display "Shutdown® Status
L'

System OK
“—[ diagnosing ] i
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* Trigger

AA trigger identifies the possiblestimuli that causea transition to occur
SysMLlhasfour maintypesof triggerevents

AA signal event indicatesthat a new asynchronousmessagecorrespondingto a
signalhasarrived A signalevent canbe accompaniedoy severalargumentsthat
canbe usedin the transition effect.

AA time event indicatesthat a certain time interval has passedsincethe current
state was entered (relative) or that a certain instant in time has been reached
(absolute)

AA changeevent indicatesthat some condition has been satisfied (typically that
somespecificset of attribute valueshold).

AA call event indicatesthat an operation on the proprietary block of the state
machine has been requested A call event can also be accompaniedoy multiple
arguments



ATheguard containsan expressionthat must be evaluatedto true for the
transition to occur

ATheguardis specifiedusinga constraint J

AWhenan eventsatisfiesa trigger,the guardon the transitionis evaluated

Alf the guardis evaluatedastrue, the transition will be triggered
Alf the guardis evaluatedasfalse,the eventwill be consumedwithout effect.



ATheeffect is a behavior,usuallyan activity or an opaquebehavior,that is
performedduringthe transitionfrom one stateto another

Alf the transition is triggered, first the exit behavior of the current state
(source)is executed,then the transition effect is executed,and finally the
entry behaviorof the target stateis executed
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