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Resources for this lecture

IH

* Para baixar o demo enquanto nao temos o “oficia

v 1- UML 2 diagramming, OO software modeling, Source
code engineering Tool MagicDraw UML from No Magic

v https://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

v 2- Fazer cadastro

v'3 - Selecionar Cameo Systems Modeler no menu a
esquerda

v'4 - versdo 2021x LTR / Edicdo Enterprise
v'5 - Baixar a versdo (No Install)

A Pracg'al d

Guide 1o SysML

The byaloms Moc]ohng Lnnguagﬁ

>

Sanford Friedenthal
Alan Moore

Rick Steiner

ML anEd

i e ban.

Essa é uma versao trial para ser

usada somente nas nossas
aulas!!!



INTERNATIONAL ISO/IEC
STANDARD 19514:2017

Edition 1

Information technology — Object
management group systems modeling
language (OMG SysML)

ISO/IEC 19514:2017

Information technology — Object management
group systems modeling language (OMG SysML)

Read sample

Published (Edition 1, 2017)



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.omg.org/spec/SysML
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SYSML

* SysML 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.

* SysML can represent the following aspects of systems, components, and
other entities:
e Structural composition, interconnection and classification;
* Flow-based, message-based, and stateful behavior;
* Constraints on physical and performance properties;
Allocations between behavior, structure, and constraints; and

* Requirements and their relationship to other requirements, design elements, and
test cases.



History of Object-Oriented Languages

State Charts ) Harel 1987

( Ada/Booch )
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Adaptation of the UML to the systemic domain

UML 2 Sys’VIL
\
/ SysML'S
\ ; / / extetbs':-ns to
not requireK \7&/
by SysML \ UML reused by

———— SysML
(UML4SysML)
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SysML taxonomy.

Syalil
C¥agram
i
Fackage Requirems=ni Behawior Paramefric Struciure
Diagram Diagram Diagram Dhizgram C¥a gram
. Siate Block Intemal
SoARy || SeduEnce || aching | U U258 1| pefiniion | | Block
11 AT gram Diagram Sgram Diagram Diagrarmi

FIGURE 3.1
SysML diagram taxonomy.




 Each type of diagram is summarized here, along with its relationship to UML
diagrams:

Package diagram — presents the organization of a model in terms of packages that contain
model elements (same as UML package diagram).

Requirement diagram — presents text-based requirements and their relationships to other

[Jel\o/|llii)rements, design elements, and test cases to support requirements traceability (not in

Activity diagram — 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).

Sequence diagram — presents the behavior in terms of a sequence of messages exchanged
between systems or parts of systems (same as UML sequence diagram).

State machine diagram — presents the behavior of an entity in terms of its transitions
between event-triggered states (same as the UML state machine diagram).

Use case diagram — 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).

Block definition diagram - presents structural elements, called blocks, and their
composition and classification (modification of the UML class diagram).

Internal block diagram — presents interconnection and interfaces between the parts of a
block (modification of the UML composite structure diagram).

Parametric diagram — presents constraints on property values, such as F = m * a, used to
support engineering analysis (not in UML).
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SysML Behavioral Diagrams
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SysMIL

°|tis
*a visual modelling language that provides

*Semantics (meaning)
* Notation (Representation of meaning)

[t is not
*a methodology or a tool



16

Diagram Basic Parts



Frame

* Each SysML diagram should voson "

Description

have a diagram frame that Sl
includes the contents of the \
d ia g ra m . diagram kind [model elemé::i;%g;r;::;g;;ment name [diagram name]
* The frame corresponds to a Gorten
model element that provides FIGURE 5.5

A diagram frame.

the context for the content
of the diagram.

17



Header
* The header diagram is a rectangle | Diagram description
with its bottom right corner cut off. Sompion siatus
. . . Reference
Includes the following information: o
* Diagram kind - An abbreviation » — = -
i nd | Cat|n g the typ e Of d | ag ram. diagram kind [model element type] model element name [diagram name] ) |
* Model element kind - The type of Content
model element that the diagram frame
corresponds to. FIGURE 5.5

A diagram frame.

e Model element name - The name of
the model element to which the
diagram frame corresponds.

 Diagram name - the name of the
diagram, which is wusually used to
indicate the purpose of the diagram.

* Diagram wusage - a keyword that
indicates a specialized use of a diagram.

18



Header — Diagram Kind

* Activity diagram - act oo
* Block definition diagram - bdd s

* Internal block diagram - ibd \‘[ o T

* Package diagram - pkg Gontant

* Parametric diagram - par FIGURE 55

A diagram frame.

* Requirement diagram - req
e Sequence diagram - sd
e State machine diagram - stm

» Use case diagram - uc



Header — Element Kind

e Different diagram types have diagram Diagram description
frames that correspond to different types Deseripton
of model elements. Complation staltus
* Activity diagram—activity Hezger e
* Block  definition  diagram—block, \ e ——— -
Constralnt bIOCk, paCkage, mOdeI, diagram kind [model element type] model element name [diagram name]

model library
* Internal block diagram—block

* Package diagram—package, model, rcuress
model library, profile, view A diagram frame.

* Parametric diagram—activity, block,
constraint block

Content

The template element kind should be shown in the

* Requirement diagram—package, , L _

model, model library, requirement header to avoid ambiguity if the diagram can
« Sequence diagram—interaction represent more than one type of template element
* State machine diagram—state  allowed.

machine

 Use case diagram—package, model,
model library
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* Because 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.

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

Header — Diagram Name

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 — Diagram usage

* The diagram usage indicates that ge?i,?i’;f"“""*“""““"
a diagram is intended to support ”p 7
a specific usage. \

. The usage name of the diagram | st S Sinms un s um
is included in the header in angle Conten
brackets called guillemets. FIGURE 55

A diagram frame.

Guillemets Guillemets

22



Diagram Description

* The diagram description is an arson o
optional note attached inside ”p 7
or outside the frame of the \
diagram. diagram kind [model slement pe] moe st name [disgram nare

It is intended to allow the Content

modeler to capture additional  reurss

o o o A diagram frame.
information about the diagram. g

23



Diagram Content

Version

* The diagram content area, ““’7

o Descripti_on

sometimes called a canvas, Complotonstae

contains elements that \ e

g ra p h ica I Iy re p re Se nt diagram kind [model elemé::i;?)gr:wg:;g;;ment name [diagram name]

elements of the model. ‘ Content ‘
FIGURE 5.5

A diagram frame.

24
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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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Block Diagrams

MODELING STRUCTURE WITH BLOCKS — CHAPTER 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.
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Block diagram introduction

* The 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 block’s
definition. A block is defined by its features, which may be subdivided into
structural features and behavioral features.

* The 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]

* The 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:

1bd [block] block name [diagram name]



Example block definition diagram

bdd [Package] Structure )

Camera

1

Protective Housing

azimuth m

ma

Mount Assembly |‘|‘|

I

otor elevation motor

Cm

Electronics Assembly

Camera Module

parts

: MPEG Converter
- Composite Converter
- Image Processor

D&ars
- Camera Housing
1a : Imaging Assembly
- Optical Assembly

29

Stepper Motor
Module

i

elevation gimbal

Platform

Tilt Gimbal

azimuth gimbal

Pan Gimbal

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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Block basics



Blocks

e The block is the fundamental modular unit for
describing system structure in SysML.

* The 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.

 Other kinds of block features—such as parts,
operations, value properties, and ports—can be
presented in other compartments of the block
symbol.

e All 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.

bdd [Package] Automobhile Example

e

Automobile

pressure - ps

SIZe - mm

parts

eft front - Wheel

right front : Wheel

eft rear - Wheel

nght rear . Whee

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




Properties

* Properties 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.

* Part properties (parts for short) describe the decomposition of a block into its
constituent elements.

* Reference properties whose values refer to parts of other blocks.

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

* The properties compartment of a block can display its properties of any
kind.



Parts

* Parts descrevem as relacdes de composicao
entre blocos.

e Esse tipo de composicao hierarquica de blocos é
frequentemente visto em uma lista de materiais
(também conhecida como lista de pecas ou
arvore de produtos).

e Uma parte geralmente representa um bloco,
embora também possa ser um ator.

e A part € uma caracteristica de um bloco e, como
tal, pode ser listado em um compartimento de
pecas separado dentro de um bloco.

* Multiplicidade: 0..x (1-*)

34

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




bdd [Fackage] Automahile Exan‘plef

Wheel Automobile
values Darns
pressure - ps eft front . Wheel
SIZe - mm right front - Wheel
eft rear - Wheel

right rear : Whee

values

weight : kg

vehicle id : String

ibd [Block] Camera [Part Ecﬁ’ectinr‘s,])

: Protective Housing

ma - Mount Assembly

el

m3

n - Camera Madule

: Electronics Assembly

Connecting parts on an intemnal block dizgram.

ibd [Block] Camiera [Two ways of showing azimuth gimba]]/l

bdd [Package] Structure )

amera

¥

:r'jl'

|

|

Protectve Housing

ma,

Camera Module

Mount Assembly

I

Electronics Assembly

pans

parts
: MPEG Converte

: Composite Converter
: Image Processor

r

amera Housing
a : Imaging Assembly

ma : Mount Assembly

azimuth gimbal : Pan Gimbal

ma.azimuth gimbal : Pan Gimbal

Optical Assembly

elevation motar \L

\l(% eV hon gimoa

J/az rmuth gimbal

azimath mobor

k|

Stepper Motor
Module

Platfiorm

Tilt Gimbal

Pan Gimbal

FIGURE 7.5

Showing a block compaosition hierarchy on a block definition dizgram.

Showing deep-nested parts on an internal block diagram.




References

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

Mechanical Power
Subsyshem

AL

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

Electronics Hamess
Mount Hamess

ibd [Block] Mechanical Power Eubsg,'ste-m)

e : _ T | iris motor: Brushless DC |
| power source : Power Supply :—! : Distribution Harness !—g Motor Module

Reference associations on a block definition diagram. o -y R
‘ S
i azimuth motor : Stepper

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 - ———
"

i elevation motor : Stepper
! Motor Module

FIGURE 7.11

Reference properties and their interconnections on an internal block dizgram.
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Values (Also called attribute)

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

* The following are the different value type categories:

* A primitive type supports the definition of scalar values. Integer, String, Boolean,
and Real are predefined primitive types in SysML.

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

e A 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

bdd [Package] Structura ['n.n’a]ues]J

Camera

sintarval={min = "0°, max =

valuas

dimaensions : Size = (0.04,0.03,0.01)
«normal={mean = "2.1", standardDeviation = "0.01"} powsr : W
sintarval={min = "0", max = "360"} pan field of regard : *

«interval={min = "0.05", max = "0.1"} sensitivity : lux

"00°} titt field of regard : *

Optical Assembly

aparture : mm = 2.4

valuas

«normal={mean = "7T", standardDeviation = "0.35"} focal length : mm

FIGURE 7.22

Examples of property values and distributions.
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bdd [Fackage] Basic Defini:inna
avalueTypes wvalueTypes
wenumerations Waypaoint Size
I Quality
magfa uality vaues vauss
o erEls «: Real width : m
= y : Real height : m
narmal length : m
high _
avalueTypes
Real
)
avalueTypes avalueTypes wvalueTypes
Frames per Second MHz MB

FIGURE 7.17

Definition of basic value types in a block definition diagram.

[Fackage] Efandard Definitions [Dependsnc e:LJ

wrndell brarys
5l Definitions

[ 1

emodellbrarys

ke aimparts 5l Value Types
metre : Unit | L
definfmonURI = "hip: e bipm.ong en'slis] Brochunaichaphar2/2-1/metre.himi™ I I
quantityking = kzngth | |
syl = "m” | | |
wimports | |

—_—— ——— ]
. — - r L imparts

-] - GuantityKind | |power | QuantitysInd wath - Unit _l | —l |

symbol =T syrrioal =P ouantitykind = power '11GI:IE|LIIJF.3F3':-: p— L —

symival = "W ' e
d _ Basic Definitions  [Standard Item Definition
FIGURE 7.18

Importing the 3| definitions defined by SysML.




39

Behaviour



Behaviors

* Blocks provide a context for behaviors, which encompasses any and all
descriptions of how the block handles inputs, outputs, and changes to its
internal state.

* A block can designate a behavior as its primary behavior (classifier).

* These behaviors will be used in activities/state machines and interactions.
* Activities turn inputs into outputs.
e State machines are used to describe how the block responds to events.

* Sequences describe how parts of a block interact with each other using message
passing



41

FIGURE 7.30

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)

Blocks with behavioral features.
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Block Relationships



Relationships between blocks

* Composite associations - describe whole-part relationships.

* Reference associations - describe a logical hierarchy that references blocks
that are part of other composition hierarchies.

* Heritage - describe the hierarchical specialization of elements

* Polymorfism — different objects, with the same root, that can response to the same
request



Composition

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

 The 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.

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

* Each end of the composition can show a name and a multiplicity.



Composition example

bdd [Package] Structurs )

Camera

1

< em
y May g \1—

Protectve Housing

Mount Assembly

Electronics Assembly

Camera Module

parts parts
: MPEG Converier amera Housmng
. Composite Converter a . Imagng Assembly
. Image Processor Dptical Assembly
azimuth mobor Eevation motor le evation gimba azimuth gimbal
o k 9 E

Stepper Mobor

= o oy
- an Gmmbal
Viodule

Platfcemn Tilt Gimba

FIGURE 7.5

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

 References, enable an instance of a block that contains the reference

property to refer to an instance of the block that types the reference
property.

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

* A reference association is represented as a line between two blocks. One
end of an association can be represented by a white diamond
(aggregation).

* When 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.

* There is no arrowhead at the end of the binding that owns the reference property.

* If the reference binding is bidirectional (that is, it has reference properties at both

ends), there are no arrowheads at either end.
46



Reference example

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

Mechanical Power

cuDsyshiem
azimauth seyanon
motor mobor ns rmokor focus motor noIer SoOUrce
w 5 o, ¢
Stenmer Motar Distributon Hamess Bruchless 07 Mator

: | 1} . | !
- Map— i e | e
KModule FEfBrBNCES Kodule PRy

amera Hamess

Electronics Hamess
Mount Hamess

FIGURE 7.10

Reference associations on a block definition diagram.
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Heritage

* In SysML, a classifier is a type that can be used as the basis for more
specific types.

* A more specialized classifier will inherit the common features of the more
general classifier and may contain additional features unique to it.

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

* Different blocks in a classification hierarchy can have different structural
characteristics.

* When a resource in a superclass is reset into a subclass, the original
resource in the superclass is no longer available to 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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Properties (values) 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.
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Polymorphism example

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.




* A block

configuration is
constructed
using the

Block Configuration

bdd [Package] Camera Systems [System Conﬁgurations])

ibd [Block] AJM Enterprises Systst

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

—!ﬁJ

LT

Ini

Camera

reception : Wired Internal

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

L

ethernet : RJ45

L

ethernet : RJ45

terface (Female) Interface (Female)

initialValues
camera id = "AJMWL3"
] position = "(1.5,2.5,2.3)"

tilt field of regard = "80"

pan field of regard = "180"

store room : Wired
Internal Camera

Interface (Female)

-
L
ethemet : RJ45
Interface (Female)

ethernet : RJ45

initialValues

] camera id = "AJMWL2"
position = "(1.6,2.2,2.0)"
tilt field of regard = "90"
pan field of regard = "90"

«block»
Surveillance System

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

values
location : String
service level : String

T‘

«block»
4-Camera Wired Surveillance System

] . FIGURE 7.59 i parts
ge n e ra I Z a t I O n Showing the configuration of a block on an internal block diagram. cameras : Wired Camera [4]{SUbSBtS cameras}
= router : 6 Port Router

relationship.
* The

{incomplete, disjoint}
Configurations

«block»
Jones Household System

«block»
AJM Enterprises System

configuration

parts parts
b e C O I I l e S a computer room : Wired Internal Camera {subsets cameras} front door : Wired External Camera{subsets cameras}

front : Wired External Camera {subsets cameras} garage : Wired External Camera{subsets cameras}
b I f h reception : Wired Internal Camera {subsets cameras} pool : Wired External Camera{subsets cameras}
S u C a S S O t e store room : Wired Internal Camera {subsets cameras} rear door : Wired External Camera{subsets cameras}
° values values
b | O C k fO r W h I C h location : String = "Sulte A, AJM House, NY"{redefines location} location : String = "200 Oak Ave, Newark"{redefines location}
service level = "Business Gold"{redefines service level} service level = "Household 24/7"{redefines service level}
L L]
It IS a

FIGURE 7.58

configuration.
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Modeling different configurations of a block on a block definition diagram.
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Block Internal Interconnection
(ibd)
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Internal Block Diagram

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.
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Ports

* A port represents an access point on
the boundary of a block and on the
boundary of any part or reference
typed by that block.

* A block may have many ports that
specify different access points. Ports
can be connected to one another b
connectors on an internal bloc
diagram to support the interaction
between parts.

* A 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.

* A 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 block’s parts
without modifying its inputs or outputs.

bdd [Package] Physical [Camera Mounting I"ter‘al:ae])

right right =
front [1] back [1] TO

afulle afulls afulls aflle
bracket bracket bracket bracket

mount  mount mount  mount
right right left left
front [1] back [1]  front [1] back [1]

FIGURE 7.32

A full port with nested ports.

bdd [Package] Physical [ Wired Camera Physical Interface]

o

ablocks

Wired Camera
e M
] ]
L1
brackst bracket bracket bracket
mount mount mocunt mount

left back  left frent  right back right front

[1] ] [1 [n

TH_D1- [1]
TH_D1+[1]
RX_D2- [1]
R¥_D2+ [1]
BI_D4-[1]
BI_D4+ [1]
BI_D3-[1]

BI_D3+ [1]

FIGURE 7.34

A block with nested ports.




Conector

* A 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.

* The 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.

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

* In an ibd, the connector between two parts is represented as a line
connecting two part symbols.
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Connecting ports

ibd [Block] Wired Camera[Wired :HP'E'E.]'J aprCay
video :
- - i ™
ma : Mount Assembly - Electronics Assembly HIII:-:n.,-:-E.te
Jideo
afulls (4 Platform 1 nterfacs |
ul j : Composite -
Tl PHERE - Converter oy ]
rll'lu..r"l.. r'.ll:“-l.-l-. ..IE I-Lll\.l I-F'\-IE'1-E
Mount Plate Video Interface
T ONDXY ® :TDE’G;':.:-:-
power - 3 Pin i
AC Plug I:_.er,.x-:e
- : ale) _—
nterface | : Power Supply . Ethernet Card SMae) sproxys -
oy’ s | ethemet - 1
power : 3 Pin =~J45
AL Flug Interface
nterface |Femalz)
FIGURE 7.35

Connecting ports internally to a block.



Flows

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

* Each flow property has a name, type,
multiplicity, and direction.

* An item flow specifies the type of item
flowing and the direction of the flow.

58

ablock ablocks
Light MPEG4
vl vaiues
fluxe : Wiunit = watf rame rate | Hz{unit = hertz}
lluminance : lxfunit | CInteger
FIGURE 7.23
tems that flow in the Camera system.
bdd [Package] Optical Analys's [Optical Equ pr’ent]_J
ablock wblon
Light Source Light Sensor
L'-"'E.l" ig-r't Cim r.'t ;F-. : Ligh

FIGURE 7.24

Flow properties on blocks.

b |5‘ : Polarized Light Sensor

» l52 : Polarized Light Sensor |

| |53 : Polarized Light Sensor

bdd [Package] Optical Analysis [Laser _es'.:,J
« blocks blocks
Light Laser
wx - Wgunt = watt Caheren: Light
Lminance : Lgunit = lux}
L‘V ocks
ablocks Laser Test
Polarized Light ciure
rElLEs H:L
rag{unit = r = . ¥ | 1
Soim coherent : Coherent Light
iy
12:L
ablocks polarized - Polarized Light
Coh t Light
herence a";-r -“'-:J"'. 2L gt nt |
quaney : Hz{unit = gnt - Light

FIGURE 7.27

ltem flows between parts.
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'tem flows between ports.

i O

ibd [Block] CarneraLight

aProxy
boundary :
Light
nterface

»

'.h;,J

: Protective Housing

external
Unpolarized Light

Mow propertes
n external light : Unpolarized Lig
ot imtemnal light : Polarized Light

- Camera Module

polanzed :
Polarized Light

nterna
Light

il
= e

I'[I !

T =

: Optical Assembly

FIGURE 7.44

tern flows between

=
et | il .|
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