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Å1 - Knowledge level:
ÅL0-01 ς Match Systems Engineering 

description to SysML

ÅL0-02 ς Remember SysML Diagrams

Å2 - Apply level:
ÅLO-03 ς Use the SysML Diagrams

Å6 ς Create level:
ÅLO-04 ς Create a model using SysML

Learning Objectives

Reading Exercises

Hands-on Exercises

Project Application
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ÅtŀǊŀ ōŀƛȄŀǊ ƻ ŘŜƳƻ Ŝƴǉǳŀƴǘƻ ƴńƻ ǘŜƳƻǎ ƻ άƻŦƛŎƛŀƭέ
V1- UML 2 diagramming, OO software modeling, Source

codeengineeringTool MagicDrawUML from No Magic

Vhttps:// www.magicdraw.com/main.php?ts=download&cm
d_show_mirrors=8731&menu=download_cameo_systems
_modeler&c=a62cfa6271bd46bf5452e1480138f711&pr=8
013&NMSESSID=9f3d0fe455b0b1dd17b3d81f94244dcc&p
roduct_version=2021x&product_edition=Cameo+Systems
+Modeler%7CEnterprise&group=39    

V2- Fazer cadastro

V3 - Selecionar CameoSystems Modelerno menu à 
esquerda

V4 - versão 2021x LTR / Edição Enterprise

V5 - Baixar a versão (No Install)
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Resourcesfor this lecture

Essa é uma versão trial para ser 
usada somente nas nossas 

aulas!!!
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https://www.omg.org/spec/SysML
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https://www.omg.org/spec/SysML


SysML History/ Timeline
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ÅSysML is a general-purpose graphical modeling language that supports 
the analysis, specification, design, verification, and validation of complex 
systems. These systems can include hardware and equipment, software, 
data, personnel, procedures, facilities, and other elements of human and 
natural systems.

ÅSysML can represent the following aspects of systems, components, and 
other entities:
ÅStructural composition, interconnection and classification;

ÅFlow-based, message-based, and stateful behavior;

ÅConstraints on physical and performance properties;

ÅAllocations between behavior, structure, and constraints; and

ÅRequirements and their relationship to other requirements, design elements, and 
test cases.8
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History of Object-Oriented Languages
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UML ς
Unified
Modelling
Language
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Adaptationof the UML to the systemicdomain
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SysML taxonomy.



ÅEach type of diagram is summarized here, along with its relationship to UML 
diagrams:
ÅPackage diagram ς presents the organization of a model in terms of packages that contain 

model elements (same as UML package diagram).
ÅRequirement diagram ς presents text-based requirements and their relationships to other 

requirements, design elements, and test cases to support requirements traceability (not in 
UML).
ÅActivity diagram ς  presents a flow-based behavior indicating the order in which actions 

are performed based on the availability of their inputs, outputs, and control, and how 
actions transform inputs into outputs (UML activity diagram modification).
ÅSequence diagram ς presents the behavior in terms of a sequence of messages exchanged 

between systems or parts of systems (same as UML sequence diagram).
ÅState machine diagram ς presents the behavior of an entity in terms of its transitions 

between event-triggered states (same as the UML state machine diagram).
ÅUse case diagram ς presents functionality in terms of how a system is used by external 

entities (i.e., actors) to achieve a set of goals (same as the UML use case diagram).
ÅBlock definition diagram ς presents structural elements, called blocks, and their 

composition and classification (modification of the UML class diagram).
ÅInternal block diagram ς presents interconnection and interfaces between the parts of a 

block (modification of the UML composite structure diagram).
ÅParametric diagram ς presents constraints on property values, such as F = m *  a, used to 

support engineering analysis (not in UML).
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SysML structural diagrams
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SysML BehavioralDiagrams



ÅIt is 
Åa visual modelling language that provides
ÅSemantics (meaning)
ÅNotation (Representation of meaning)

ÅIt is not
Åa methodology or a tool
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SysML



DiagramBasic Parts
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ÅEach SysML diagram should 
have a diagram frame that 
includes the contents of the 
diagram. 

ÅThe frame corresponds to a 
model element that provides 
the context for the content 
of the diagram. 

Frame
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ÅThe header diagram is a rectangle 
with its bottom right corner cut off. 
Includes the following information: 
ÅDiagram kind - An abbreviation 

indicating the type of diagram. 
ÅModel element kind - The type of 

model element that the diagram frame 
corresponds to. 
ÅModel element name - The name of 

the model element to which the 
diagram frame corresponds. 
ÅDiagram name - the name of the 

diagram, which is usually used to 
indicate the purpose of the diagram. 
ÅDiagram usage - a keyword that 

indicates a specialized use of a diagram. 

19

Header



ÅActivity diagram - act 

ÅBlock definition diagram - bdd 

ÅInternal block diagram - ibd 

ÅPackage diagram - pkg 

ÅParametric diagram - par 

ÅRequirement diagram - req 

ÅSequence diagram - sd 

ÅState machine diagram - stm 

ÅUse case diagram - uc 

Header ςDiagramKind 
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ÅDifferent diagram types have diagram 
frames that correspond to different types 
of model elements.
ÅActivity diagramτactivity 
ÅBlock definition diagramτblock, 

constraint block, package, model, 
model library 
ÅInternal block diagramτblock 
ÅPackage diagramτpackage, model, 

model library, profile, view 
ÅParametric diagramτactivity, block, 

constraint block 
ÅRequirement diagramτpackage, 

model, model library, requirement 
ÅSequence diagramτinteraction 
ÅState machine diagramτstate 

machine 
ÅUse case diagramτpackage, model, 

model library 

Header ςElement Kind

The template element kind should be shown in the 
header to avoid ambiguity if the diagram can 
represent more than one type of template element 
allowed.

21



ÅBecause a model can contain 
considerable amounts of 
information, the modeler can 
choose to include only selected 
model elements in a specific 
diagram for a given purpose, 
while hiding other model 
elements that might detract from 
that purpose. 

ÅThe diagram name is user-
defined and is intended to 
provide a concise description of 
the purpose of the diagram.

Header ςDiagramName
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ÅThe diagram usage indicates that 
a diagram is intended to support 
a specific usage. 

ÅThe usage name of the diagram 
is included in the header in angle 
brackets called guillemets.

Header ςDiagramusage
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ÅThe diagram description is an 
optional note attached inside 
or outside the frame of the 
diagram. 

ÅIt is intended to allow the 
modeler to capture additional 
information about the diagram.

DiagramDescription
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ÅThe diagram content area, 
sometimes called a canvas, 
contains elements that 
graphically represent 
elements of the model.

DiagramContent
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PackageDiagram
ORGANIZING THE MODEL WITH PACKAGES ς CHAPTER 6
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ÅA SysML model of a complex system can contain thousands or even 
millions of model elements. 
ÅIn SysML, each model element is contained in a single container called an owner or 

parent.

ÅThe contained elements are often referred to as child elements.

ÅWhen a container is deleted or copied, its child elements are also deleted 
or copied. Some child elements can also be containers, which leads to a 
nested contention hierarchy of model elements.
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ÅPackages are an example of a container.

ÅIn addition to having a place in a containment hierarchy, each model 
element with a name, called a named element, must also be a member of 
a namespace. 
ÅA namespace allows its members to be uniquely identified within it by name. A 

package is a namespace for the packageable elements it contains. 

ÅA packable element has (needs) a fully qualified (unique) name to 
unambiguously locate it in a model's package hierarchy.

29

Introduction



PackageDiagram
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ÅThe model elements contained in a package can be shown in a package 
diagram. 

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

Åpkg [model element kind] package name [diagram 

name]

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

31

PackageDiagram



PackageHierarchy
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ÅA model is organized into a hierarchical package structure. 

ÅA well-defined model organization is important as the number of model 
elements increases.

ÅThe approach to model organization is a critical choice faced by the 
modeler because it  affects reuse, access control, navigation, 
configuration management, data exchange, and other important aspects 
of the development process.

33

DefininganOrganizationStrategy



ÅBy system hierarchy (e.g., system level, element level, component level);

ÅBy process lifecycle, where each subpackage of the model represents a 
process stage;

ÅBy teams that are working on the model (e.g., Requirements Team, 
Integrated Product Team (IPT) 1, 2);

ÅBy the type of model elements it contains (e.g., requirements, behavior, 
structure);

ÅBy model elements that are likely to change together;

ÅBy template elements organized to support reuse (e.g., template libraries); 
and/or

ÅBy other logical or cohesive groupings of model elements based on 
defined model partitioning criteria.

34

Possiblestrategies...
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[Namespaces]
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ÅIn addition to acting as a container for packageable elements, a package is 
a namespace for all the named elements within it. 

ÅMost SysML model elements can have names, although some model 
element types, such as a comment, cannot be named. A namespace 
applies a set of "uniqueness rules" to distinguish between the different 
named elements contained within it. 

ÅThe rule of exclusivity for packageable elements is simply that each 
element of a given element type must have a unique name.

38

Setting a ContextName
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Use Case Diagrams
ModelingFunctionalitywith Use Cases ςChapter12
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ÅUse cases describe the functionality of a system in terms of how it  is used 
to achieve the goals of its various users. 

ÅThe users of a system are described by actors, who can represent external 
systems or humans interacting with the system.

ÅModel the high-level functionality of a system with use cases.

Introduction
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ÅUse cases have been seen as a mechanism to capture the requirements of 
the system in terms of system uses.

ÅDifferent methodologies apply use cases in different ways: 
ÅFor example, some methods require a text description for each case, which may 

include pre- and post-conditions and primary, alternate, and exceptional flows. 

ÅUse cases are often elaborated with detailed descriptions of their behavior, using 
activities, interactions, and/or state machines.

Introduction

43



ÅIn a use case diagram, the frame corresponds to a package, model, model 
library, or block, and the contents of the diagram describe a set of actors 
and use cases and the relationships between them. 

ÅThe full diagram header for a use case diagram is as follows:
Åuc  [model  element  kind]  model  element  name [diagram  

name]

The Use Case Diagram
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Actor(or stakeholders?)
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ÅAn actor is the άŜƴǘƛǘȅέ to play the role of a human being, an organization, 
or any external system that participates in the use of some system. 

ÅActors can interact directly with the system or indirectly through 
other actors.

ÅIt should be noted that "actor" is an umbrella term.
ÅAn actor that is external to one system may be internal to another.

Definitionof actor

47



ÅAn actor is shown as a strawman with the 
actor's name underneath or as a rectangle 
containing the actor's name below the 
keyword «actor». 

ÅThe choice of symbol depends on the tool 
and the method being used.

Actors
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ÅThe actor's rating is represented 
using the standard SysML 
generalization symbol - a line with an 
empty triangle at the general end.

ÅActors can be sorted using the 
standard generalization ratio. 

ÅThe actor rating has a similar 
meaning to the rating of other 
classifiable model elements. 
ÅFor example, a specialized actor 

participates in all the use cases in which 
the more general actor participates.

Classification: Generalization/Specialization

49



A use case
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ÅA use case describes the goals of a system from the perspective of the 
system's users. 

ÅThe objectives are described in terms of the functionality that the system 
must support.

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

Use Cases
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ÅThe system that provides functionality in support of use cases is called a 
System under Consideration and usually represents a system that is being 
developed.

ÅThe system under consideration is sometimes called the subject and is 
represented by a block.

Use Cases - System
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ÅUm caso de uso pode abranger um ou mais cenários que correspondem à 
forma como o sistema interage com seus atores em diferentes 
circunstâncias.

Casos de uso - Cenários
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ÅThe actors are related to the use cases of communication paths, which are 
represented as associations, with some restrictions. 

ÅMembership ends can have multiplicities, where multiplicity at the actor's 
end describes the number of actors involved in each use case.

Use Cases ςActorRelationship
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ÅA use case is shown as an ellipse with the name of the use case inside it. 

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

ÅThe subject of a set of use cases can be shown as a rectangle wrapping 
around the use cases, with the subject name centered at the top.

Use cases graphically:
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RelationshipsBetweenUse Cases
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ÅThe include relationship allows a use case, known as the base use case, to 
include the functionality of another use case, called the included use 
case.

ÅTheincludedusecasealwaysrunswhenthe baseusecaseruns.

ÅIt is implicit in the definition of inclusion that any participant in a base use 
case can participate in an included use case, so an actor associated with a 
base use case does not need to be explicitly associated with any included 
use case.

Inclusive relationship
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ÅThe included use cases are not intended to represent a functional 
breakdown of the base use case, but rather to describe common 
functionality that can be included by other use cases. 

ÅIn a functional decomposition, the lower-level functions represent a 
complete decomposition of the higher-level function. On the other hand, a 
base use case and its included use cases often describe different aspects of 
the required functionality.

Subtleobservation: it isnot functional
decomposition!!

61



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

ÅThe extended use case is a fragment of functionalitythat isnot considered
part of the functionalityof the baseusecase. 

ÅIt often describes some exceptional behavior in the interaction, such as 
error handling between the subject and the actors that do not directly 
contribute to the goal of the base use case

Extensionrelationship
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ÅUnlike an included use case, the base use case does not rely on an 
extended use case. 

ÅHowever, an extended use case may depend on what's happening in your 
basic use case; 
ÅFor example, the extended use case might assume that some exceptional 

circumstance in the base use case arose.

ÅThere is no implication that an actor associated with the base use case 
participates in the extended use case, and the extended use case may in 
fact have entirely different participants.

Extensiondoes not generatedependency
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ÅInclusion and extension are shown using dashed lines with an open 
arrowhead at the included and extended ends, respectively. 

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

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

ÅThus, 
Åa basic use case includes an included use case, and 

Åan extended use case extends a basic use case.

Aboutrelationshipgraphicalrepresentation
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ÅUse cases can be classified using the standard SysML generalization ratio. 

ÅOne implication, for example, is that the scenarios for the general use case 
are also scenarios for the specialized use case. 
ÅThis also means that actors associated with a general use case can also participate 

in scenarios described by a specialized use case. 

ÅClassification of use cases is shown using the standard SysML 
generalization symbol.

Classification(heritage) Relationship
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ÅA text-based use case description can be used to provide additional 
information to support the use case definition. 

ÅThis description can contribute significantly to the value of the use case. 

ÅDescription text can be captured in the template as a single or multiple 
comments. You can also treat each step in a use case description as a 
SysML requirement.

Textual descriptionof use cases
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ÅPre-conditions - The conditions for the use case to begin.

ÅPost-conditions - the conditions after the completion of the use case.

ÅPrimary flow - The most frequent scenario or scenarios of the use case.

ÅAlternate and/or exception flows - the least frequent or non-nominal 
scenarios. Exception flows can reference extension points and often 
represent flows that don't directly support the goals of the primary flow.

A typical use case description might include the 
following fields
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Block Diagrams
MODELING STRUCTURE WITH BLOCKS ςCHAPTER 7
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ÅThe block is the modular unit of structure in SysML that is used to define a type 
of system, component, component interconnection, or item that flows through 
the system, as well as external entities, conceptual entities, or other logical 
abstractions.  A block describes a set of instances that share the ōƭƻŎƪΩǎ 
definition. A block is defined by its features, which may be subdivided into 
structural features and behavioral features.

ÅThe block definition diagram (bdd) is used to define blocks in terms of their 
features and their structural relationships with other blocks. The complete 
header for a block definition diagram is as follows: 

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

ÅThe internal block diagram or ibd resembles a traditional system block diagram 
and shows the connections between parts of a block. The internal block diagram 
header is depicted as follows:

ibd  [block] block name [diagram name]
74

Blockdiagramintroduction
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Example block definition diagram
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Example internal block diagram



Block basics
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ÅThe block is the fundamental modular unit for 
describing system structure in SysML. 

ÅThe block symbol is a rectangle that is segmented 
into a series of compartments. The name 
compartment appears at the top of the symbol and 
is the only mandatory compartment. 

ÅOther kinds of block featuresτsuch as parts, 
operations, value properties, and portsτcan be 
presented in other compartments of the block 
symbol. 
ÅAll compartments, apart from the name compartment, 

have labels that indicate the kind of feature they contain. 
The labels are depicted in lower case italics, are plural, 
and include spaces between words.
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ÅProperties are structural features of a block. A property has a type that 
defines its characteristics, which may be another block, or some more 
basic type such as an integer.
ÅPart properties (parts for short) describe the decomposition of a block into its 

constituent elements. 

ÅReference properties whose values refer to parts of other blocks. 

ÅValue properties describe the quantifiable characteristics of a block, such as its 
weight or velocity.

ÅThe properties compartment of a block can display its properties of any 
kind.

79

Properties



ÅParts descrevemas relaçõesde composição
entre blocos.
ÅEssetipo de composiçãohierárquicade blocosé

frequentementevisto em uma lista de materiais
(também conhecida como lista de peças ou
árvoredeprodutos).

ÅUma parte geralmente representa um bloco,
emboratambémpossaserum ator.

ÅA part é uma característicade um bloco e, como
tal, pode ser listado em um compartimento de
peçasseparadodentrodeum bloco.

ÅMultiplicidade: 0..x (1-*)

Parts
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Parts
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References



ÅValue properties are used to model the quantitative characteristics of a 
block, such as its weight or velocity. 

ÅThe following are the different value type categories: 
ÅA primitive type supports the definition of scalar values. Integer, String, Boolean, 

and Real are predefined primitive types in SysML. 

ÅAn enumeration defines a set of named values called literals. Examples of 
enumerations are colors and days of the week. 

ÅA structured type represents a specification of a data structure that includes more 
than one data element, each of which is represented by a value property. 

Values(Alsocalledattribute)
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Values
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Behaviour
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ÅBlocksprovide a context for behaviors, which encompassesany and all
descriptionsof how the blockhandlesinputs, outputs, and changesto its
internal state.

ÅA blockcandesignatea behaviorasits primarybehavior(classifier).

ÅThesebehaviorswill beusedin activities/statemachinesandinteractions.
ÅActivities turn inputsinto outputs.

ÅStatemachinesareusedto describehow the blockrespondsto events.

ÅSequencesdescribehow parts of a block interact with eachother usingmessage
passing

Behaviors
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Block Relationships
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ÅCompositeassociations- describe whole-part relationships. 

ÅReferenceassociations- describe a logical hierarchy that references blocks 
that are part of other composition hierarchies.

ÅHeritage- describethe hierarchicalspecializationof elements
ÅPolymorfismςdifferent objects, with the sameroot, that canresponse to the same

request

89

Relationshipsbetweenblocks



ÅA composition relates two blocks in a relationship of part to whole. 
ÅIt has two ends, one describing the whole and the other describing the part. 

ÅThe upper bound of multiplicity at the integer end is always 1 because an instance 
of a part can only exist in a whole at any given time. 

ÅA composition is shown as a line between two blocks; the end of a 
composite association is adorned by a black diamond. 

ÅEach end of the composition can show a name and a multiplicity . 

Composition
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Compositionexample



ÅReferences, enable an instance of a block that contains the reference 
property to refer to an instance of the block that types the reference 
property. 

ÅReference associations are used in a block definition diagram to capture 
relationship between blocks.

ÅA reference association is represented as a line between two blocks. One 
end of an association can be represented by a white diamond 
(aggregation). 
ÅWhen 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 
property to the referenced type. 
ÅThere is no arrowhead at the end of the binding that owns the reference property. 
ÅIf the reference binding is bidirectional (that is, it has reference properties at both 

ends), there are no arrowheads at either end. 

Reference
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Referenceexample



ÅIn SysML,a classifieris a type that can be used as the basisfor more
specifictypes.

ÅA more specializedclassifierwill inherit the commonfeaturesof the more
generalclassifierandmaycontainadditionalfeaturesuniqueto it.

ÅThe relationship between the general classifier and the specialized 
classifier is called generalization or specialization. 

ÅDifferent blocksin a classificationhierarchycan have different structural
characteristics.

ÅWhen a resource in a superclassis reset into a subclass, the original
resourcein the superclassisno longeravailableto the subclass.

Heritage
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Properties (values) especialization
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Polymorphismexample



ÅA block 
configuration is 
constructed 
using the 
generalization 
relationship.

ÅThe 
configuration 
becomes a 
subclass of the 
block for which 
it is a 
configuration.

Block Configuration

98



Block Internal Interconnection 
(ibd)
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InternalBlock Diagram

100



ÅA port represents an access point on 
the boundary of a block and on the 
boundary of any part or reference 
typed by that block. 
ÅA block may have many ports that 

specify different access points. Ports 
can be connected to one another by 
connectors on an internal block 
diagram to support the interaction 
between parts.
ÅA full port is equivalent to a part on the 

boundary of the parent block that is 
made available as an access point to 
and from the block.
ÅA proxy port does not constitute a part 

of its parent block, but instead provides 
external access to and from the features 
of its parent block or the ōƭƻŎƪΩǎ parts 
without  modifying its inputs or outputs.101

Ports



ÅA connector is used to connect two parts and provides the opportunity for 
those parts to interact, although the connector alone says nothing about 
the nature of the interaction. 

ÅThe interaction may include the flow of inputs and outputs between 
parts, the invocation of operations on parts, or the sending and receiving 
of signals between parts, or it may be specified by constraints on the 
properties of the parts at each end. 

ÅA connector can have an association block that allows for further 
definition of the characteristics of the connection.

ÅIn an ibd, the connector between two parts is represented as a line 
connecting two part symbols.

Conector
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Connectingports



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

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

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

104

Flows
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Item flowsbetweenports.
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ParametricDiagram
MODELING CONSTRAINTS WITH PARAMETRICS ςCHAPTER 8
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ÅA typical designeffort includesthe need to perform different types of
engineering analyses, such as budget analysis, sensitivity analysis, and
designoptimization.

ÅMay include analysis of system performance, reliability, cost, and
propertiesinto consideration.

ÅSysMLsupports this type of analysis through the use of parametric
models.

ÅParametricmodels constrain the properties of a system, which can be
evaluatedby anappropriateanalysistool.

ÅConstraintsare expressedas equations, with the parameters of the
equations being linked to the Properties (values) of the system being
analyzed.

Introduction
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ÅSysMLintroducesthe constraint
block to support the
construction of parametric
models.

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

ÅConstraintblockshavetwo main
features: a set of parameters
andanexpression. (Constraint).

ConstraintBlock
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ÅParametric diagrams are used to 
create systems of equations that 
can constrain the properties of 
blocks. 

ÅThe full header for a parametric 
diagram is as follows:

Åpar [model element kind] model 
element name [diagram name]

ParametricDiagram
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Interligando parametros



ÅToenableananalysistool to evaluate
tiles containingconstraintproperties,
at leastsomeof the valueproperties
of the block under analysisneed to
havespecificvaluesdefined.

ÅOften, these values are provided
during analysisthrough the analysis
tool interface, but they can also be
specifiedusinga blockconfiguration.
ÅThisis doneby creatinga blockspecializationwith

the requiredinitial values, or by usingan instance

specificationto describea blockinstance.

Pointingvalues
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Possibility of dynamic simulation
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Parameterizing allows comparison
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Activity Diagram
MODELING FLOW-BASED BEHAVIOR WITH ACTIVITIES - CHAPTER 9
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https:// www.youtube.com/watch?v=oeVh9Gd8F_8
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ÅAn activity (function) is a formalism to describe behavior that specifies the 
transformation of inputs into outputs through a controlled sequence of 
actions.

ÅActions are the building blocks of activities and describe how activities are 
performed.

ÅObject flows can connect the output pin of one action to the input pin of 
another action to enable token passing. 
ÅThese tokens can correspond to anything that flows, such as information or a 

physical item (e.g., water).

ÅAn activity diagram defines the actions in an activity, along with the 
incoming/outgoing flow and control between them. 

118
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ÅAn activity diagram defines the
actionsof an activity alongwith the
incoming/outgoing flow and control
betweenthem.

Åact [model element kind] activity
name[diagramname]

**IBD for Activities

The ActivityDiagram
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Actions
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ÅTokens contain the inputs, outputs,
and control valuesthat flow from one
actionto another.

ÅAn action processestokens placedon
its pins.

ÅA pin actsasa buffer where the input
and output tokensof an action canbe
storedbeforeor duringexecution;

ÅThe tokens on the input pins are
consumed, processedby the action,
and placed on the output pins for
further actionsto beaccepted.

Tokens andPins

ÅEachpin hasa multiplicity that
describesthe minimumand
maximumnumberof tokens 
that the stock consumes or
producesin anygivenrun.
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Item/Objectflow andControl
flow
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ÅThe conceptof object flow describeshow input and output items flow
betweenactions.
ÅάeFFBDκ5C5έ

ÅObject flows are used to route input/output tokens that represent
informationand/or physicalitemsbetweenobjectnodes.
ÅActivityparameternodesandpinsaretwo examplesof objectnodes.

ÅObjectflows canconnectthe output pin of one action to the input pin of
anotheractionto allow tokensto pass.

ÅFlowscanbediscreteor continuous.
ÅThe continuousflow representsthe situation where the time between tokens is

effectivelyzero.

Usingblocksto describeflowsbetweenactions
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Ånonstreaming- can only accepttokensbefore the activity starts running,
and the activity parameter node for a non-streamingoutput parameter
canonlyprovidetokensafter the activityhasfinishedrunning.

Åstreaming - The correspondingactivity parameter node can continue to
acceptinput tokensor produceoutput tokensduringthe executionof the
activity.

I/O activationmoment

ÅAdditionalcharacteristicsof the
parameter, suchas its direction
andwhetherit is flowing, are 
shownbetweencurlybrackets
within the parameternode 
symbolafter the namestringor
floating nearthe symbol.
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ÅA central buffer node providesa storagefor object tokensoutsideof pins
and parameternodes. The tokens flow to a central buffer node and are
stored there until they flow again.

ÅActivities sometimesrequire the same object tokens to be stored for
accessby multiple actionsduring execution. A type of object nodecalled
a data store nodecanbeusedfor this.
ÅUnlikea central buffer node,a data store nodeprovidesa copyof a stored token

insteadof the original.
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ÅTheconceptof control flow providesadditionalconstraintson when and
in what order activitieswill beexecuted.

ÅFFBD

ÅA control token in
ÅAnincomingcontrol flow allowsanaction to start execution, anda token

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

ÅWhen a control flow connectsone action to another, the control flow's
target actioncan't be started until the sourceaction completes.

ÅControlnodes,suchasjoin, fork, decision, merge,initial, and final, canbe
usedto route control tokens to further specifythe sequenceof actions.

ControlFlow
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ÅA fork nodehasone inflow andone or more outflowsτ
It replicatesall the input tokens it receivesin eachof its
output streams.
ÅThe tokens in each output stream can be handled

independentlyandsimultaneously.

ÅNote that this replicationof tokensdoesnot imply that
the itemsrepresentedby the tokensarereplicated.
ÅIn particular, if the item representedis physical, replicationof

that physicalobjectmaynot evenbepossible.

Fork
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ÅA 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.
ÅWhen this occurs, it placesall input object tokensinto the

output stream.

ÅThis has the important feature of synchronizingthe
flow of tokensfrom multiple sources.

Join
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ÅA decision node has one input stream and one or more 
output streams - An input token can only go to one 
output stream. 
ÅThe output stream is typically established by placing mutually 

exclusive guards in all output streams and offering the token 
to the stream whose guard expression is satisfied.

ÅThe "else" guard expressioncan be used in one of the
node'soutput streamsto ensurethat there is alwaysa
streamthat canaccepta token.
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ÅA mergenodehasone outflow andone or more inflows
τ it routes each incoming token in any inflow to its
outflow.

ÅUnlike a join node, a merge node does not require
tokensin all of its input flowsbeforeoffering them in its
output flow.

ÅInstead, it offers tokens in its output stream as it
receivesthem.

Merge
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ÅAll constructsused to route object streams can also be used to route
control streams.
ÅInitial node - When an activity starts running, a control token is placedon each

initial node in the activity. Thetoken can then trigger the executionof an action
throughanoutboundcontrol flow.

ÅActivity final node - When a control token or object hits an activity end node
duringthe executionof anactivity, the executionof the activity is terminated.

ÅFlow final node - Control or object tokens received at a flow end node are
consumed, but haveno effecton the executionof the boundingactivity.
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ÅA control flow can be
representedusing a dashedline
with an arrowheadat the target
end.

ÅA start node symbol is shownas
a smallsolidblackcircle.

ÅThe symbol of the end node of
the activity isshownasa target.
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ÅA special behavior called the
control operator produces
control values through an
output parameter, typed by
ControlValue.

ÅA control operator can include
complexcontrol logic and can
be reused in many different
activities through a call
behavioraction.
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RelatingActivitiesto
Blocks/Other Behaviors
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ÅActivities are usually specified independently of structure (i.e., blocks), 
and their execution semantics do not depend on the presence of blocks. 

ÅHowever, as the design of the system progresses, the relationship between 
the behaviors of a system, expressed in this case using activities, and the 
structure of a system, expressed using blocks, needs to be established.

ÅThe classicalfunctional decompositionmethod of systemsengineering
allocatesfunctionsto components
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ÅA set of activity nodes can be grouped into an activity partition (also
known as a swimlane) that is usedto indicate responsibility for running
thosenodes.

ÅSwinlanes are represented as rectangular symbols that physically 
encompass the action symbols and other activity nodes within the 
partition.
ÅEach swinlane has a header containing the name string of the template element 

represented by the partition.
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Relatingusingpartitions(swinlanes)
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Usingbddto model activities
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ÅA top-level activity in the activity hierarchy is composed of 
a lower-level activity, when a call behavior action 
contained in the top-level activity invokes the lower-level 
activity.

ÅThe activities in the block definition diagram correspond 
to the same activities specified in the activity diagrams. 
ÅHowever, the parts in the block definition diagram have no 

explicit relationship to the call behavior actions in the activity 
diagrams, and are given the same name.
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Usingassociations
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Bem... vamos caminhar nos diagramas:
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State Machine Diagram
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ÅState machines are typically used in SysML to describe the state-
dependent behavior of a block throughout its lifecycle, which is defined
in termsof its statesandthe transitionsbetweenthem.
ÅA state machinefor a blockmight start, for example, when it startsbooting, then

transitionsthroughvariousstatesin responseto different stimuli, andendswhenit
completesshutdown.

ÅState machinestypically belong to your blocks and run within the context 
of an instance of that block.

ÅState machines in different blocks can interact with each other by sending 
signals or invoking operations.

ÅState machines can also specify constraints within  states or in 
transitions. Constraints can specify equations that correspond to 
different behaviors or different levels of performance that must be true 
in different states.

Introduction
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Example of a state machine
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ÅState machine diagrams are sometimes referred to as state charts or state 
diagrams

ÅThe full diagram header for a state machine diagram is as follows:

Åstm [stateMachine] state machine name [diagram name]

StateMachine DiagramElements

154



States
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ÅState: represents some significant condition in an 
element's life, typically because it represents some 
change in how it responds to events and what 
behaviors it performs. 
ÅEach state can contain input and output behaviors that 

run whenever the state is entered or terminated, 
respectively. In addition, the state can contain a 
behavior that is executed once the input behavior has 
completed.

ÅRegion: describe state-related behavior of the 
state machine.

States
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ÅA state machine can contain one or more regions, which together 
describe the behavior related to the state of the state machine.

ÅEach region is defined in terms of states and pseudo-states and the 
transitions between them. 

ÅAnactiveregionhasexactlyoneactivestatewithin it at anygiventime. 

ÅThe difference between a state and a pseudostate is that a pseudostate 
does not have a region, which exists only to help determine the next active 
state. 

Regions
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ÅA multi-region state machine can describe 
concurrent behaviors happening within the 
block.

ÅIf the behaviorsof the parts are specified,the
relationshipbetweenthe state machineof the
parent block and the behaviorsof its parts
mustalsobespecified.

Multi-region
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ÅThe initialization and completion of a region are described using a pseudo 
start state and a final state, respectively. 
ÅAn initial pseudostate is used to determine the initial state of a region. An initial 

pseudostate is shown as a filled circle.

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

ÅThe termination pseudostate is always associated with the state of an entire state 
machine. If a pseudo termination state is reached, the behavior of the state 
machine will terminate. A pseudo-termination state is shown as an X.

Start andEndof the regions.

159



Transitions
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ÅA transition specifies when a state change occurs on a state machine. 

ÅState machines always run to completion when a transition is triggered, 
which means they can't consume another trigger until the state machine 
has finished processing the event.

ÅA transition is shown as an arrow between two states, with the head 
pointing to the target state.

ÅThe definition of the transition behavior is shown in a string in the 
transition with the list of triggers first, followed by the guard in brackets, 
and finally the transition effect preceded by a slash.

ÅTransitionsarecomposedof: triggers[guards]/effects

Transitions
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Transições
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ÅA trigger identifies the possible stimuli that cause a transition to occur. 
SysML has four main types of trigger events.
ÅA signal event indicates that a new asynchronous message corresponding to a 

signal has arrived. A signal event can be accompanied by several arguments that 
can be used in the transition effect.

ÅA time event indicates that a certain time interval has passed since the current 
state was entered (relative) or that a certain instant in time has been reached 
(absolute).

ÅA change event indicates that some condition has been satisfied (typically that 
some specific set of attribute values hold). 

ÅA call event indicates that an operation on the proprietary block of the state 
machine has been requested. A call event can also be accompanied by multiple 
arguments.

Trigger
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ÅThe guard contains an expression that must be evaluated to true for the 
transition to occur.

ÅThe guard is specified using a constraint. J

ÅWhen an event satisfies a trigger, the guard on the transition is evaluated. 
ÅIf the guard is evaluated as true, the transition will be triggered; 

ÅIf the guard is evaluated as false, the event will be consumed without effect.

Guards
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ÅThe effect is a behavior, usually an activity or an opaque behavior, that is 
performed during the transition from one state to another. 

ÅIf 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 behavior of the target state is executed.

Effect
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