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Learning Objectives

Understand the basic notions of structural modeling in systems engineering
Understand the role and major challenges of designing functional architecture
Understand top-down and bottom-up approaches and when to use them

Blocks as reusable components

e |dentify the functional components

Identify the hierarchical relations between components
Capture components using the SysML language
Traceability of functional components

e Modeling component variants and specific instances

Internal structure of blocks

e |dentify the communication aspects between components
e Understand the concepts of standard ports and flow ports




Structural Modeling Basics

(As you may recall from the System Modeling course...)

= A Structural Model is concerned with:
o which elements form the system,

o how they are connected/related to each other,
» especially part-whole relationships (not necessarily physical)

o and the properties these elements have.

= Examples from information technology
o Data structures
o SW components, microservices
o Network structure
o SW components running on HW platform




Structural Modeling Basics

(As you may recall from the System Modeling course...)

= A composite (sub)system contains elements...
o ...arranged in a specific way...
o ...to attain a goal...
o ...that the individual parts cannot satisfy on their own

= Engineering processes that build structural models

o Composition: building a complex solution from an
appropriate arrangement of simpler elements

o Decomposition or factoring: breaking up a complex
problem or system into simpler parts




Top-down and bottom-up design

Sys‘em

Top-down: using decomposition

© When designing a subsystem, its goal is already
known

Subsystems

@ There are no working parts during development
® Problems, needs of subsystems revealed late / /\ ]\

Bottom-up: using composition Subsytems of subsystems
© Subsystems can be tested one-by-one System

© There are always some working parts during /‘\
development

Subsystems

@ Exact roles of the subsystems are revealed late
(Not only in structural modeling...)

Meet-in-the-middle approach
Iterative approaches




SW versus HW Modeling

T Requirements gty
’ S

N
l, \

model model
Most common: Most common:
Top-down approach Bottom-up approach
1. High-level components 1. HW component library
first 2. Compose them into
2. Refine them to larger components
smaller units 3. Model how
3. Design connections & API they are connected




Top-Down

Structural Modeling

Iteratively breaking down
complex problems into simpler ones




Graphical User Interface
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Embedded System

= Decomposition or factoring: breaking up a
complex problem or system into simpler parts

" Logical decomposition by function (vs. physical)

o ,,by function”: what service is provided?

Robot
vacuum cleaner
Exploration and Cleaner Monitoring
navigation subsystem subsystem subsystem

Movement Sensor
subsystem subsystem | °°° soe cee




Bottom-Up

Structural Modeling

Modeling complex systems
as composites of reusable parts




= Composition: building a complex solution from an
appropriate arrangement of more simple elements
= A composite (sub)system contains elements...

o ...arranged in a specific way...
o ...to attain a goal...

o ...that the individual parts cannot satisfy on their own




Software Development by Design Patterns

Design patterns Software components
catalogue catalogue
Factory ~ ~ Component 1 \
~
™ \
Software Software
Decorator e —
Component 2 System
-7 4
-~ /
1 Software
Observer
Component 3
Assembly

instructions




Structural Modeling Roots

= Rich history in a variety of engineering domains

o Mechanical / hydraulic / chemical / etc.

o Software and hardware systems

o Hybrid systems

keverdc
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Structural Modeling Roots

= Composition from building blocks...
o ...by hand or with CAD tools (e.g. Matlab Simulink)

o Block: reusable component/subsystem
with properties and connections

keverdc
DN50 K




Introduction to Block-based Design

= Composition from building blocks...
o ...by hand or with CAD tools (e.g. Matlab Simulink)

o Block: reusable component/subsystem
with properties and connections

= How can we build this complex system?
o We need a structural model to guide the process
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Parts Catalogue

m Parts List: Box 1 - Head/Footboards:

Note: No Holes!
- S—

Box 2 - Futon Decks and Stretchers:

Box 3 - Guard Rails and Ladder:

o =a_ L

e T T —— -Tq‘— — —3——-” \
A . ) (=3
; Y \i-;ﬂ, Stretchers x 2 Upper Stretcher x 1
. | — §
= ' S— — Upper Stratchar fwith extra holes) x 1
Upper Bunk Upper Bunk
(Left Hand) x 1 (Right Hand) x 1 RRERRRRRERERERARARIRNRED
- - - - L
Back Deck x 1 | Rear Guard Rail x 1
: — I
: [ A PR . Front Guard Rail x 1
Lower Bunk Lower Bunk ||
(Left Hand) x 1 (Right Hand) x 1 o
4 ) Seat Deck x 1 Ladder x 1
[ E— | — Brackels
[ m— ——— x4 ( : s (25 " Nl :
@ Hardware List: Box 1 Tools required for assembly: Hardware in
Box 4 - Slats: * Allen Key (supplied) < Phillips Screwdriver {not supplied) Box 2:
2 e O3 4 0 5 B 6 | e = Dz Derratrrzze (Jromzemtzzacze
&60mm Bolts x 16 Woad Dowels x 17 16mm Woad 30mm Wood 40mm Threaded [$
Screws x 2 Screwsx 18 Wood Bolls x 4
40mm Bolts x 4
| : { ’ — g )
80mm Bolts x 11 30mm Bolts x 2 5’_ Metal Tubes x 4 r¢
— - — - — - - — —  o— - — =X  — [l 3 l ; e
Bl e ol 1= bal dal el lal 15 { 3 o A (T f Allen Key
Seot of Slats x 1 100mm Belts x 4 Barrel Nuts x 11 Patent No - US € 457,023 Long Allen Key x 1 PN x1 )




Observations on Block Usage

Blocks/parts are defined in a catalogue and
used in assembly instructions

R

ThumNut™

100mm
Bolt

-
@ Hardware List: Box 1

S E

&0mm Solts x 16

I
&0mm Bolts x 11

I
U

100mm Beoite x 4

Wood Dowsls x 17

Tools required for assembly:
* Allen Key (supplied) « Phillips S¢
] Drzzrz Drrrztzee

Idmm W
Screws X

16mm Woad
Screws X 2

30mm Solts x 2

; &
ThumNu™ x 4
Barre! Nuts x 11 Patent No : US 6,457,023

9

Assembly Instructions

Parts Catal

ogue




Observations on Block Usage

Building blocks used in assembly instructions
refer to their definitions in the parts catalogue

/® Hardware List: Box 1 Tools required for assembly:
* Allen Key (supplied) « Phillips S¢

E ] ) psses Drrrztzee

d Dowels X 17 16mm Woaod AOmm W

Screws X 2 Screws X

&0mm Solts x 16

&0mm Bolts x 11 30mm Solts x 2 D
@ N
ThumNu™ x 4
1C0mm Belte x 4 Barre! Nuts x 11 atent No - US 6457920
100mm Parts Catalogue
Bolt

Assembly Instructions




Observations on Block Usage

The same part definition can be used multiple times

in different roles

|
||

M
ThumNut™ | b |
|
|
|

Tools required for assembly:
* Allen Key (supplied) « Phillips S¢

.
Dz

/® Hardware List: Box 1
E ]

ol Dowels x 17

&0mm Solts x 16 16mm Woaod I0mm W
Screws X 2 Screws X

‘v‘] ' ! B — J’— 1 r"
0 | 30mm Solts x 2 Lj
||. [ < ) =
l i | 1COmm Beite x 4 Barrel Nuts x 11 nT:lr‘:: NJE & ):.4 a2
{ X, Th - LS ey -US 6,457,972
'i ™~ y
100mm Parts Catalogue
Bolt

Assembly Instructions




Observations on Block Usage

Block properties may be characteristic to the...

definition (e.g. patent no.), use (e.g. orientation),
or run-time (e.g. stress)

\|’

|

T

ThumNut™ | b |
|
|

100mm
Bolt

-
@ Hardware List: Box 1

Tools required for assembly:
* Allen Key (supplied) < Phillips St
] Drzzzz> Vessrzacss

Idmm W

16mm Woad

Wood Dowsls x 17
Screws X 2 Screws X
S0mm oo lr-
) =
ThumNu™ x 4
Barre! Nuts x 11 Patent No : US 6 457,023

100mm Beoite x 4

9

Assembly Instructions

Parts Catalogue




Definition and Use

Block use /

Real System

Bolt

Assembly Instructions

(® Hardware List: Box 1

!

&0mm Bolts x 11

&60mm Bolts x 16

Block
definition / type

{.ﬂ

Wood Dowels x 17 16 Waed dam W
ScreW .2 Scre.
X 1

o
ThumNut™ x 4

.

100mm Belite x 4

Barrel Nuts x 11 FolptNo - US 6452405

Parts Catalogue

[atiae s abia s e aun Y TR

R T Sl wasaa e s an s
MUEGYETEM 178



Definition and Use

Not AN INSTANCE of the block type

as it may be instantiated multiple times in
different ways for each bed frame

Real System

Not THE TYPE of the block instance

(may be a type - a refined specialization)

e

Block use / ]

/ as the focus is on its ROLE within a composite

100mm
Bolt

Assembly Instructions

{a .
@ Hardware List: Box 1 BlOCk
finition /
,‘ | {_ definition / typ
&60mm Bolts x 16 Wood Dowels x 17 1 t\wor-”’ dam W
ScroW .2 Scre.
S T—— ] 1 i
80mm Bolts x 11 W a
= ﬂ .
I ThumNut™ x 4
\_ 100mm Belite x 4 Barrel Nuts x 11 FolptNo - US 6452405

Parts Catalogue




Definition and Use

Real System 42
Not AN INSTANCE of the block type | m—
as it may be instantiated multiple times in
different ways for each bed frame

Not THE TYPE of the block instance

(may be a type - a refined specialization)
/ as the focus is on its ROLE within a composite

e

[ 4 M
Block use /
prototype / te
T
[® Hardware List: Box 1 BlOCk
AP {_ definition / typ
u 60mm Bolts x 16 Wood Dowels x 17 4 ?}\m"“"fz SL';'“ ¥ 'I
p r‘ iVa t e &0mm Bolts x 11 M a
100 ° l S TS T S TS ST T a ‘ &
Bgl]tm 1 n t X \ 100mm Boits x 4 Barrel Nuts x 11 5 Tr.l;ENLtg : .:‘4 g

Assembly Instructions

Parts Catalogue int




Observations on Block Usage

Some parts may themselves be composites,
(de)composed with separate assembly instructions

i\
\
\
L1
1=
tretcher \\ 'l:
A\
ease Note: | \,\ \L
| i
bl b | i
ol i\
Use 2 People! | s
| ~
|
™
Bolt an Nut™Assembly. | o iisasedfiiia:
J Do not force the Bo trip the Bolt .
thread. Be sure the thread is pl The
l Be sure the holes are free of wood chips shc
and saw dust. P |
e

Assembly Instructions 1 Assembly Instructions 2




Hierarchical Definition and Use

Apartement Room
O ©
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The Bottol
should be sitting on
the Rubber Sea Horse.

Bed frame Bed




Structural Modeling in SysML




Structural Modeling in UML vs SysML

= UML: Software Engineering terminology ey

o Blocks = Classes or Components LANGUAGE p
o Parts Catalogue = Class Diagram, Component Diagram
o Assembly Instructions = Composite Structure Diagram

= SysML: more general engineering terminology

=
o Blocks are called blocks © SYSTENS Q\"\ N

MODELING
* Merging UML Class and Component features RARE L

* Extensions: flow ports, physical dimensions, etc.

o Parts Catalogue = Block Definition Diagram (BDD)

o Assembly Instructions = Internal Block Diagram (IBD)




Block Definition Diagram vs Internal Block Diagram

Parts Assembly
catalogue instructions

provides UML

UML Class Composite
Diagram Structure
Diagram

UML UML Object

CorT\ponent refined in Diagram
Diagram

Composition, Connection,

decomposition communication



Top-down and bottom-up design in SysML

is only a language

System , \
A Both approaches can be used /‘\
upsystems

(even at the same time:
/,/\ ,/\, meet-in-the-middle)

Subsytems of subsystems




Application to Functional Architecture

" Blocks are functional units (components)
o SW modules, microservices, devices, peripherals, etc.
o Part-whole relationship # physical containment
o Connecting blocks # physical linkage

* Dependencies

* Information flow

= Don’t confuse with...
o ANSI C functions
o Functional programming

o Modeling of functional requirements




bdd [Package] Structure[ Logical Architecture of CPAS JJ

esystems
Cyber Physical Agricultural System
ShutdownSystem()

| T

luminance Sensor |1 humidity Sensor ‘1 rain Detector [2  temperature Sensor |2 irrigation System |*  cpas Central Controller System L mower |1
asubsystems asubsystems ubsy st =subsystems zsubsystems zsubsystems
L i Sensor Humidity Sensor Rain Detector Temperature Sensor Irrigation System CPAS Central Controller System Mower

Block Definition Diagram (BDD)

Tools required for assembly:

-
@ Hardware List: Box 1
 Allen Key (supplied) < Phillips St

e E ] Derzzz Derszzzen
&0mm Bolts x 18 Wood Dowels x 17 16mm Wood 30mm W
Screws x 2 Screws X

30mm Bolts x 2 D
;:'Oj >

ThumNut™ x 4

80mm Bolts x 11

ks, 1C0mm Beits x 4 Barrel Nuts x 11 Patent No : US 6 457,023

Parts Catalogue

Block Definition Diagram Overview

Block Definition Diagrams




Block Definition Diagram (BDD)

Diagram
| | UNIFIED
Structure Behaviour MODELING
Diagram Diagram
5 LANGUAGE "
| | I I
Ela55 IZII:rmp:u:rr'Ien’rl Object | Activity Use Case
Diagram Diagram : Diagram Diagram Diagram
Profile CEEPI:IKP?IE}E'P Deplu:.rmenr | Package Interaction MEEI?I'EFHE
Diagram Diagram | Diagram Diagram Dlagram Diagram
I I
icati Interaction imi
— UMI‘_‘I.L E-EE]'I_]uer'rce Communication Ovenview Timing
: iagram Diagram Diagram Diagram
SysML Diagram
A
[ S, e I
Behavior ¢ Requirement | Structure
Diagram : Diagram | Diagram
lr\, """" A
[ I I I
Activity Sequence State Machine Block Definition Internal Block Package
% Diagram Diagram Diagram Diagram Diagram Diagram
OMe !% S
SYSIE“S ] Pavnotdc 1
MODELING - TR il
LANGUAGE

| Modified from umL 2 |




Block nodes

= Basic structural elements

] Cyber Physical Agricultural
= Anything can be a block SYSIEm
-
- Mower [1]
O System, SU bsyste mSs . CPAS Central Controller System [1]
- Irrigation System [*]
o Hardware - Temperature Sensor [2]
: Rain Detector [2]
. Humidity Sensor [1]
O SOftwa re : Luminance Sensor [1]
O Data :Temperaturepro i
i i - Humidity
o Person optional display EEEIELEE
. . g - Rain
o Flowing object on a hinoes

maintainer : Maintainer
laborer : Laborer
farmer : Farmer

= UML class with a

<<block>> stereotype




Block node compartments
Name
(can have special characters) e e

System
parts . o parts
: Mower [1
Com partment . CPAS Central Controller System [1]

. - Irrigation Syst s
= Parts - contained blocks o e LS
: Rain Detector [2]

= References — referenced blocks | [imei Sensern

: Luminance Sensor [1]

= Values — like UML attributes SR e
. - Humidity
= Constraints Lumnance
- Rai
u PO rtS . re_ferepces
maintainer ; Maintainer
= Etc.. o e

= Can be hidden on a diagram




(Reference) Association

«block» monitoredBy monitoring monitoredLocation «block»
Sensor Location

= A relationship type between two blocks
o Undirected: reference property in both blocks
o Directed: reference only in one block

= End properties: role name, multiplicity, constraints
= (Not mandatory: ibd connectors may be untyped)

» association property1

0..1 {ordered} 1..*

property2 association1 < property1

1 {ordered} 0..*




Association Block

= Association represented by a block
possibly with structural properties

«block» a MyAssocation b «block»
BlockA 1 ! 0.* BlockB
I
I
«block»
MyAssocation

rererences
gparticipants : BlockB{end = bj
«participant» : BlockA{end = a}

dateOfConnectiJo-ﬁ : String




Composition vs Generalization (often misused)

= Composition " Generalization
o Container component owns o Share common features
the contained components o Can be used interchangeably
o Container component «block
. Irrigation Solution
aggregates Instances Of T
contained components
«block»
Irrigation Circuit
«block» &
Fixed Circuit Irrigation System {incomplete, disjoint}
irrigation kinds
controller | 1 circuit/0..” - g
«block» «block» Sprinkler Circuit Drip Circuit
Valve Controller Valve Controlled Circuit
valvel1 bare circuitI1
«block» «block» -

y ) ) i ) ] Greenhouse 43
Irrigation Valve | |Irrigation Circuit Sprinkler Circuit




Part (or Composite) Association

= Specifies a strong whole-part hierarchy

Whole end black diamond 0..1
Part end role name 1..1
«block»

Fixed Circuit Irrigation System

controllerI1 c ircuitIO..*

«block» «block»
Valve Controller Valve Controlled Circuit
valvel1 bare circuitI1
«block» «block»

Irrigation Valve | |Irrigation Circuit




Generalization

= Similar to OOP, UML
o Key idea: substitutability
= Main usages
o Classification (shared role, feature)

* Move from specific to general

o Specific configurations (specific name, values)

* Move from general to specific

= Adds, defines, redefines properties
= Not just blocks (actors, signals, interfaces, etc.)

= Multiple inheritance is allowed




Generalization

«block»
Irrigation Solution

|

«block»
Irrigation Circuit

£P
Classification {incomplete, disjoint}

irrigation kinds

«block» «block»
Sprinkler Circuit Drip Circuit

Specification

«block»

Greenhouse 43
Sprinkler Circuit




Generalization set

= Generalization relationships, shared general end

o complete —incomplete e
Irrigation Circuit
: . &
- irrigation kinds
bdd [Model] Data [ Example for Generalization Sets JJ
«block» «block»
Sprinkler Circuit Drip Circuit
blocks T

Camera

N

J complete, disjoint

—
—

Generalization Set[‘3 L, - por

-

«block» «block»
Wireless Camera Wired Camera




Traceability of BDDs to other artifacts

= Realizes requirements

areguirements
Sensors

[d="1.11"
Text="The CPAS uses the
following sensars:
temperature, humidity,

luminance, rain (gauge)." L
P 7 ™ et
S
- ! h ~_asatist
esatisfys -  esatisfys , . zsatisfyz :ﬁs IETy=
AT ™ AN - ™
-~ . N - N .
e -
-~ I - e Z -~ h -
zsubsystems= zsubsystem= zsubsystems zsubsystems
Temperature Sensor Humidity Sensor Completely Luminance Sensor Rain Detector
satisfies

= Allocation <blocks _ «alocater  BEESETES
Zone Safety Module Arduino 1

(to platform)




i [System] Cyber Physical Agricultural System| Interconnection of CPAS Subsystems ]J

cpas Central Controller System : CPAS Central 1, p1 P! Liemperature Sensor : Temperature Sensor [2]
Controller System [1] — 1

Farmer  Farmer

/
o
Temperature  Temperature
i p1_ [luminance Sensor : Luminance Sensor [1 .
Luminance Data
. /
ainer T ¥
Maintainer Luminance Luminance
3
P pl [ “pumidity Sensor : Humiity Sensor [1]_| ]
Humidily Data N /
Humicity Humidty
g < P! jain Detector : Rain Detector [2] |
< : 1
Rein Data N\ Vs

<

Rain detection Rain detection

100mm
Bolt

Internal Block Diagrams Assembly Instructions

mower : Mower [1]

Lt
irrigation System : Irrigation System ] ‘

Internal Block Diagram (IBD)
Overview




Internal Block Diagram (IBD)

Diagram
| ] UNIFIED
Structure Behaviour MODELING
Diagram Diagram
r LANGUAGE ™
I | I I
Class Componentf| | Object Activity Use Case
Diagram Diagram \ Diagram Diagram Diagram
Profile Cs?cm DESitE Deployment | Package Interaction M5tﬂﬁf
Diagram Dirg;rauﬁ? Diagram Diagram Diagram DiE;I:;rIEﬁ
i)
| _ |
— Sequence || Communication lBtféFEiEE;n Timing
Hatation: UML Diagram Diagram Diagram Diagram
SysML Diagram
A
l RIS PR |
Behavior ¢ Requirement Structure
Diagram : Diagram | Diagram
Q """" A\
[ I I | S\ |
Activity Sequence State Machine | Use Case Block Definit Internal Block 3 Package
% Diagram Diagram Diagram | Diagram Diagram Diagram ‘ Diagram
OMG %\ e ”
SYSTEMS ool
ram
MODELING - TR il
LANGUAGE

| Modified from umL 2 |

-Now diagram type

]
[ WpSegbiipitnt shui /SRR |




Modeling Aspect

Breaks down a composite block
into part blocks that make up the whole

ibd [System] Cyber Physical Agricuttural System|[ Interconnection of CPAS Subsystems J_J

Farmer  Farmer cpas Central Controller System : CPAS Central pl P emperature Sensor : Temperature Sensor [2 .
Controller System [1] | )_]
s N TemperatureData \,
/ *, - . _,/
L_aborer Lakarer :l Temperature Temperature
@] 0y p2 P minance Sensor : Luminance Sensor [1
) [] o {]
[j Luminance Data “ y
Maintainer :l \‘;"" Bl
@] Ma|r|ta|n?_r.. Luminance Luminance
4 I'-—-'In‘\
[ L] p3 p1 P . idi {
[] < [jlumldrty Sensor : Humidity Sensor [1‘ )_:l
Hurmiclity Data N\, -
Humiclity Humidity
p4 pl - =T
[] < [::laln Detector : Rain Detector [2] J:]
Rain Data A /
o~
Rain detection Rain detection

[+5]

[

(1]

L
mower : Mower [1]

irrigation System : Irrigation System [*]




= Describe a composite block as connected parts
o Use contained and referenced blocks defined in a bdd
o Use associations and interaction points (ports)
o Specify connectors (incl. data flow) between parts

* (Item flows can be mapped to object flows in activities)
o Specify property restrictions
= Define a template (instance specification)
o Semantics: if you instantiate the composite block...

* ...you will also have the following parts...

e ..arranged in a specific way




Blocks on IBD

= The entire ibd represents a block
= |[nstance specifications (templates / prototypes)

bdd [Model] Data[ Reference exampIeJJ

o Contained blocks

(aka. Parts) oo
Transportation
o Referenced blocks /’l

e (dashed border
o Use role

«block» zoneSafetyModule «block»
Safety Module Zone Safety Module

z safetyModuIJ zgneSafetyModuleReference

i
ibd [Block]\Transportation [JRefer Example Transportation ibdﬂ

safetyModule): Safety Module

54



Connectors

= Connectors between blocks (or compatible ports)
= Optionally typed by an association from a bdd

Real System bdd [Model] Data[ Reference exampleJJ

Definition / type:
association

«block»
Transportation

o

actual instance:

safetyModule| zoneSafiyModuleReference
/Ink «block» zoneSafetyModule «block»
» Safety Module Zone Safety Module

ibd [Block] Transportation [ Reference Example Transportation ibdﬂ

safetyModule : Safety Module zoneSafetyModuleReference : Zone Safety Module

| Use / prototype / template:

connector




Nested blocks

= Nested blocks

o Block structure is expanded in an embedded ibd
o Commonly used on ibds

* (Sometimes on bdd, in the structure compartment)

wheel: WheelAssembly

hub: Hub w: Wheel

2

5 mountingHoles: rim:

h: LugBoltMountingHole TireMountingRim
LugBoltThreadedHole

1 | mountingHole

1 | threadedHole

Qualified role names:
wheel.t.bead

= Encapsulation o1 | ugmaoime: *

o Connectors can cross block boundary

o Mark the block encapsulated to forbid this




Ports and Interfaces

Internal Block Diagram (IBD)




= What is a port?

o Interaction points with external entities limiting and
differentiating the possible connection types

Method @ URL Payload Result

POST /api/Inventoryltem CreatelnventoryltemComm @ Creates a new inventory
REST API: and (input) item

GET /api/Inventoryltem InventoryltemListDataColle | Returns all items

ction (output)

PUT /api/Inventoryltem/{id} | RenamelnventoryltemCom | Renames an item
mand (input)




Ports

= What is a port?

o Interaction points with external entities limiting and
differentiating the possible connection types

Port of a city

} Result

temComm @ Creates a new inventory
item

stDataColle | Returns all items

ltemCom | Renames an item

ftsrg

00



Standard ports

= Uses interfaces for communication

o Provided interface (ball) — defines a service

o Required interface (socket) — uses a service

* A port can have multiple required and provided interfaces

Input interface

Control port : Input interface

Notify interface

a«systems
Mower

Proximity port : Usage_of_Proximity interface

Proximity interface




Flow ports (deprecated)

" The connection is described by the flowing item(s)
e.g.: data, material, energy, etc.

= Can flow continuously, periodically or
aperiodically

: Water Tube : Washing Machine

Flow item can be typed by:
* Block,

* Value Type,

e Signal

(Since SysML 1.3, “Flow Port” no
longer a distinct language element,
any port can have “flow properties”)




Flow Property

= Specifies the kinds of items that might flow
between the block (port) amiLs environment

?
o What flows: Data, material,
* The type of the Flow Property energy, etc.

o Where does it flow?
* Determined by the direction of the property (in/out/inout)

= When ports with flow properties are connected
o A flow will occur if the ends have flow properties...

 With the same name
* Same type

* Opposite directions (or inout)




Conjugated Ports

= Automatic way to ,turn blocks inside out”
o When ,IsConjugated” is true for a port
o Type will be written after a tilde (v)
e E.g. port : ~PortyType
= A conjugated port will behave as if it is , inverted”

o If the type of the conjugated port has an out flow of
type X, then the port will have an in flow of type X
and vice versa

o Same for provided <-> required interfaces

= Facilitates convenient connection of ports




Full and Proxy Ports

= <<Full>> ports

o can have internal structure and define behaviour
= <<Proxy>> ports * Connect to contained block...

e ..or port on contained block

o do not own any features
o only expose internal features of the block

«Proxy»
«block» ; 22 ’

A Block

p1

«full»




Using Composition instead of Full Port

ibd [Block] Smoke sensor| @ Smoke sensor Aﬁachment,]/

*Proxy»
. SIF_Attachment AT erant
« fullp ok
- Attachment iiarens
Smoke sensor
«block» «irgerfaceBlock»
Smoke sensor SIFRAttachment
proxy ports o
gproxys : SIF_Attachment
aproxy» : Power
«block»

Attachment




= (Full) Ports can also have other ports

= Examples

o a separate port for configuring the behaviour of the

port

: Telescope

«Proxys
MNA : Instrument ProxylB

!

] £Proxys
rmf ; RotatorlB

] «proxys
‘ pmi : PlatformiB

| \ . PlatformMechanical ProxylB

| «proxys
¢ PlatformWiring ProxylB




Interface vs. Interface Block

" Interface
o A contract between two or more parties
* Syntactic (elements) and semantic (constraints)

o May be realized by blocks or their ports
* (Although ports are also typed by blocks)

o Not only software interfaces
* Emphasis is not on operations

* Semantics are more important

" |Interface block
o Special block typing proxy ports

o Does not have internal parts or behavior




Summary

bdd [Package] Ports and Interfaces [ Element Types ]J

= Concepts:

Interface O PO rt
ablocks ™ Realization
- "N e Standard, proxy, full, flow

Type of the port winterfaceBlocks
port with flow : Type Of Port With Flow _ Type Of A Proxy Port
- ablocks -
[ Type Of A Full Port just a port : Type Of A Simple Port

| Interface Realizer By A Port Zi-|
AN

-~
wusey ~
-~ ~
-
_ e —

u

Type of the port

U_

Interface Realizer By A Port
Type of the pclﬁ Type of the pclﬁ

o Interface

. / o Interface realization and use

i e o Provided and required interface
®
®

wblocks
Type Of Port With Flow

full port : Type Of A Full Port parZ]_parti proxy port : Type Of A Proxy Port
Interface Block

Nested ports

flow properties

inc*t Flow Property :'Sdmeth-ing That Can Flows «blocks
t Two Blocks Connected

avalueTypex
Type of flow Something That Can Flow

ibd [Block] Two Blocks Connected [ Two Blocks Connected ],J

Interface Realizer By A Port

0 Interface Realizer By A Port
afulls part1 : Block With Ports " proxy port : Type OF A Proxy Port j:::il
ra
full port : Type Of A Full Port afulls part2 : Block With Ports * proxy port : Type Of A Proxy Port
port with flow : Type OF Port With Flow full port : Type OF A Full Port
. port with flow : Type OF Port With Flow
just a port - Type Of A Simple Port

r just a port : Type OF A Simple Port
Iy

—

=g

Interface Realizer By A Port Interface Realizer By A Port




Summary

bdd [Package] Portz and Interfaces [ Element Types ]J_J

Interface Realizer By A Port &)
- VA

aUSEn . “

- -~ N
-

-~ “— — — —|Interface
xblocks ~ Realization
Type Of A Simple Port |_ ™ -

port with flow : Type Of Port With Flow
[ wblocks

‘ Type OF A Full Port
|

Type of the pu:lrt|

-
-

|j’ju zta port: Type Of A Simple Port

LY

xinterfaceBlocks
Type OF A Proxy Port
I

Type of the pu:lrt|

7

I
Interface Realizer By A Port
Tvpe of the port Type of the pu:lrt|

.

et

£

sblocks

Block With Ports «Proxys

full port : Type Of A Full Port

| ™
| o fulls
|

wblocks
Type OF Port With Flow

- |
flow properties

iI'II.‘*It Flowe Property :'E-cimething That Can Flowe
U

evalueTypes
" | Something That Can Flow

Type of flow

proxy port : Type Of A Proxy Port

part2| parti

awblocks
Two Blocks Connected
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Interface Realizer By A Port
Y

=

A

ck With Ports L~ proxy port : Type Of A Proxy Port

efulls - part2: Blo
full port : Type Of A Full Port

port with flow : Type Of Port With Flow |<=

just a port : Type Of A Simple F'n:lrtf |

e

Interface Realizer By A Port




Reasons to Use Ports




Reasons to Use Ports 1

= Bottom-up method

o Problem: specify how a designed component
can be used in a context

* A solution would be to realize or require an interface

o Ports provide better abstraction

* Interface can be specific to the port, not the block

. Interface A
* Multiple ports 0O
Interface A ()
.? «block»
| Block A
|
«block» Interface B () &
Block A : Interface B
v
flow Port




Reasons to Use Ports 2

= Top-down method

o Problem: connections are not detailed enough and
need to be refined

o Ports can be used to refine connections iteratively

Interface1

O
a:Block A [L/interface1_lnpl . Interface1_Impl b : Block B
- usage_of_Interfaced : r
a:Block A b : Block B
~
Interface
p1 p3
[} < i
Data
| p3 p1
= > Z

Conveyed Information




Reasons to Use Ports 3

" Encapsulation

o Problem: connections that cross the block boundary
may reduce maintainability

o Use ports to hide the internal structure of a block




Reasons to Use Ports 4

" |nteraction point has a special role

o Problem: the block has a physical connection point
(like AC power socket/plug) or
a distinguished behaviour

o Ports can be typed by a block with its own properties
and behaviour

«block»
Com puter USB Port 1

Ethernet Port USB Port 2

AC Pow er Socket

HDMI Port




