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1 Content

= Port Concept Introduction

= Port Design: Unidirectional, Bidirectional

= Port Design: Multiple, Split and Nested

= Port Implementation: Approaches

= Port Implementation: Examples

= Port Implementation: Additional Aspects

= Summary and Outlook
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2 Port Design

2.1 Basic Concept

2.1.1 From Interface to Port

Port Design — Basic Concept — From Interface to Port

Accessor Accessor Accessor Accessor
T
i _ _ portx Led
| <<access>> Required Required Required
1 Interface Interface Interface
v
<<interface>> AN A A iA N
iA . ! . ( )
1A Q | 1A
JAN | <<access>>
i Provided | Provided
: <<realize>> Interface Interface
. PortY
| |A 1
L
Realization Realization Fl’r:fe‘i}gfg Realization
Realization
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Port Design

2.1.2 Facts

Port Design — Basic Concept — Facts

= Functions are logically grouped to interfaces.

= Interfaces are logically grouped to ports.

= Aport consists of
— zero to infinite provided and / or
— zero to infinite required interfaces

= UML Unified Modeling Language based; one or more ports can be added
to a class or component but not to a package.

= Two ports are interconnectable if all provided and required
interfaces are compatible.

{3 MiCROCONSULT
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2.2 Unidirectional Single Port
2.2.1 Single Interface

Port Design — Unidirectional Single Port — Single Interface

Accessor

1
Port X e

1~
Qi

PortY ==
J

Realization
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Port Design

2.2.2 Multiple Interfaces

Port Design — Unidirectional Single Port — Multiple Interfaces

1A

oo

Accessor

Port X I I

Port Y | I

Realization

iB
iB
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2.3 Bidirectional Single Port

2.3.1 Single Interface per Direction

Port Design — Bidirectional Single Port — Single Interface per Direction

Accessor and
Realization
1

Port X L |

iA N O iB
iA O\jiB

PortY f 1
| I |
Realization
and Accessor
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2.3.2 Multiple Interfaces per Direction

Port Design — Bidirectional Single Port — Multiple Interfaces per Direction

Accessor and
Realization

—l Port X

iA ~NiB NC @iD@iE
iA O iB O iC iD iE
—l Port Y I
Realization
and Accessor
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2.4 Multiple Ports
2.4.1 Single Ended

Port Design — Multiple Ports — Single Ended

Accessor and
Realization

— Portxt —/ Portx2___ |—

IA ~NIB iC N\ O iD O iE
iA O iB O iC O \jiD\jiE

—{Porvi f——A  Potva |

Realization
and Accessor
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Port Design

2.4.2 Multiple Ended

Port Design — Multiple Ports — Multiple Ended

Accessor

Port X1

iA /-
iA

LYo
iB

N

Port Y1

Accessor and
Realization

Port X2

I_
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iE

Port Y2

Realization
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2.5 Split Ports
2.5.1 Single Ended

Port Design — Split Ports — Single Ended

Accessor and
Realization

— Portxt —/ Portx2___ |—

IA ~NIB iC N\ O iD O iE
iA O iB O iC O \jiD\jiE

—l PortY I—

Realization
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Port Design

2.5.2 Multiple Ended

Port Design — Split Ports — Multiple Ended
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Port X1
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2.6 Nested Ports
2.6.1 Single Ended

Accessor and
Realization
| 1
Port X
Port X1 Port X2 H
iA iC iD 4} iE
iA iB iC iD \|/ iE
Port Y1 Port Y2
1 Port 'Y I-I
Realization
and Accessor
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Port Design

2.6.2 Multiple Ended

Port Design — Nested Ports — Multiple Ended
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3 Port Implementation

3.1 Approaches

Port Implementation — Approaches

» Provided and required interfaces are classes with pure virtual functions.
= All provided interfaces are realized and accessed in an input bound class.
= All required interfaces are realized and accessed in an output bound class.

= The corresponding input and output bound classes are instantiated
in the port class.

= The port class is instantiated in the class to which the port belongs.

= In order to operate, the ports need to be connected by pointer.

{3 MiCRO CONSULT
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Port Implementation

3.2 Basic Concept

3.2.1 Overview

Port Implementation — Basic Concept — Overview

<<accessor>>
A:icA

<<realization>>
B::cB

+cA ()
+~cA()

+execute ()

icX icX +eB()
O—1
A pcB

pc

+function()

© MicroConsult - Microelectronics Consulting & Training GmbH

26.07.2021

cA::execute () would like to call cB: : function (),
decoupled by interface icX,
which is provided by port pcB and required by port pcA.

FA MicroConsuLT
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3.2.2 Accessor, Interface, Port and Realization: Path A

Port Implementation — Basic Concept — Accessor, Interface, Port and Realization: Path A
<<interface>>
Interface::icX
#icX ()
#~1icX ()
+function ()
Z|X -mptr_icX
|
<<realize>>| <<access>>
1
<<accessor>> <<port>> <<bound>>
AcA A::pcA Al
-mPortA:pcA -mptr_icX:mptr icX
+cA () +pcA () +cOutBound ()
+~CcA() +~pcA() +~cOutBound ()
+get_mPortA() :pcA* ‘_ +set_mptr_icX(icX*)
+isConnected () :bool +get_mptr icX() :icX*
+execute () +function()
-mPortA
© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 FH Micro CONSULT
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3.2.3 Accessor, Interface, Port and Realization: Path B

Port Implementation — Basic Concept — Accessor, Interface, Port and Realization: Path B
<<interface>>
Interface::icX
#icX ()
#~1icX ()
+function ()
4 4 -mptr_icX
1 1
<<realize>> ! 1
e e TR, \
: <<realize>> | <<access>>
<<realization>> <<port>> <<bound>>
B::cB B::pcB B::
-mPortB:pcB -mptr_ icX:mptr icX
+cB () +pcB () +cInBound ()
+~cB() +~pcB() +~cInBound()
+get_mPortB () :pcB* ‘_ +set_mptr_icX(icX*)
+function() +function()
-mPortB
{3 MiCROCONSULT
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3.2.4 Interface Class: icX.hpp

Port Implementation — Basic Concept — Interface Class: icX.hpp

$ifndef _ icX HPP <<interface>>
#define _ icX HPP Interface::icX
#icX ()

namespace Interface #~icX ()
{

class icX +function()

{

public:
virtual void function(void) = 0;

Interface function to be
PEeEeEEe accessed by class ca and

icX() = default; .
virtual ~icX() — default; implemented by class cB

}i
}

#endif // __icX HPP__

© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 FH Micro CONSULT
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3.2.5 Bound Class: cOutBound.hpp

Port Implementation — Basic Concept — Bound Class: cOutBound.hpp

einterfacers

#ifndef _ cOutBound HPP__

e
#define _ cOutBound HPP__ !
JPS—
#include "..\Interface\icX.hpp" H
using Interface::icX; H
e v ]
pey g u

namespace A

{
class cOutBound : public icX
{

public:
cOutBound () ; icX is a required interface for
virtual ~cOutBound() = default; cA, so it is implemented in

void function(void) override; class cOutBound.

void set_mptr_icX(icX* const ptr_icX);
icX* get_mptr_icX(void) const;

private:
icX* mptr icX; . "
Vi - cOutBound contains a pointer
} of the required interface type
icX.
#endif // __cOutBound HPP__ This pointer has to be

connected to port cB, which
provides the interface icXx.

)

FI MiCROCONSULT

®

@
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Port Implementation

3.2.6 Bound Class: cOutBound.cpp

Port Implementation — Basic Concept — Bound Class: cOutBound.cpp

#include "cOutBound.hpp,,

#include "..\..\Plattform\HAL\BasicIO.hpp"
using namespace Plattform::HAL;

namespace A

{
cOutBound: :cOutBound () : mptr_icX(nullptr)
{ /* no implementation */ }

void cOutBound: :function (void)
{
showValue ("\ncOutBound: : function ()
if (mptr_icX != nullptr)
{
mptr_icX->function();
}
}

is called");

void cOutBound::set _mptr icX(icX* const ptr icX)
{

mptr_icX = ptr_icX;
}

icX* cOutBound::get_mptr icX(void) const
{

return const_cast<icX*>(mptr_icX);
}

}

pE=r—
Indeface.ick

The interface pointer is
initialized by a default value.

In the implementation of the
interface function, the function
itself calls the realization of
path B.

The interface pointer has to be
connected to the real
function () implementation
in class cB.

Required to verify successful
port connection

72 MI1CROCONSULT
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3.2.7 Port Class: pcA.hpp

Port Implementation — Basic Concept — Port Class: pcA.hpp

#ifndef  pcA HPP
#define  pcA HPP

#include "cOutBound.hpp"

namespace A

{

class pcA

{

public:
pcA() = default;
virtual ~pcA() = default; Returns the address of the

cOutBound object to connect
the ports and to call the
interface function ()

cOutBound* get_mOutBound(void) const;
bool isConnected(void) const;

private:

cOutBound mOutBound; Verifies that the port is

Vi connected to guarantee a safe
} call of the interface
function ()

#endif // _ pcA HPP__
The port class contains an

object of the cOutBound
class.

)

FI MiCROCONSULT

®

@
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3.2.8 Port Class: pcA.cpp

Port Implementation — Basic Concept — Port Class: pcA.cpp

#include "pcA.hpp"

namespace A

{

cOutBound* pcA::get_mOutBound (void) const
( = =]

return const_cast<cOutBound*> (&mOutBound) ;
}

bool pcA::isConnected(void) const

{

bool locStatus = false; Returns the address of the
mOutBound object to connect

if (mOutBound.get mptr_icX() !'= nullptr) the port via class cA

{

locStatus = true; .

} Checks whether the interface
pointer is set and thus whether

return locStatus; the port is connected

}
}
F3 MicRO CONSULT
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Port Implementation

3.2.9 Accessor Class: cA.hpp

Port Implementation — Basic Concept — Accessor Class: cA.hpp

#ifndef _ cA HPP
#define ~ cA HPP
#include "pcA.hpp"
namespace A
{
class cA
{
public:
cA (void) =
virtual ~cA() =

default;
default;

pch* get_mPortA(void) const;
void execute (void) ;

private:
pPcA mPortA;
}i
}
#endif // __ cA HPP

B
Aipeh A

nmected() besl

© MicroConsult - Microelectronics Consulting & Training GmbH

26.07.2021

Returns the address of the
mPortA object to access the
mOutBound element

Accesses the interface
function () viathe port
object

The accessor class contains an
object of port class pcA.

F3 MicroCONSULT
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3.2.10 Accessor Class: cA.cpp

Port Implementation — Basic Concept — Accessor Class: cA.cpp

#include "cA.hpp"

namespace A
{
pcA* cA::get mPortA(void) const
{ e When aicompon |
return const_cast<pcA*>(&mPortAa);
}

void cA::execute (void)
{

// first check port connection
// second call port function Returns the address of the port

if (mPortA.isConnected()) ObJeCt mPortA
{
mPortA.get_mOutBound () ->function() ; : -
} Final interface function ()
} call via port and outbound
} object.

= Knowledge about the real
interface class to which the
function () belongs is not
required.

© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 FH Micro CONSULT
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3.2.11 Bound Class: cInBound.hpp

Port Implementation — Basic Concept — Bound Class: clnBound.hpp

#ifndef _ cInBound HPP__
#define _ cInBound HPP

einterfacers
Inherface:ieX

#include "..\Interface\icX.hpp" B e ee oo e
using Interface::icX; S — —_—

<portzr
Bipch B

namespace B
{
class cInBound : public icX

{

public:
cInBound () ; icX is a provided interface
virtual ~cInBound() = default; from cB, so it is implemented in

void function(void) override; class cInBound.

void set_mptr_icX(icX* const ptr_icX);

private:
icX* mptr_icX;
}i

} cInBound contains a pointer
of the provided interface type
#endif // _ cInBound HPP_ icX.

This pointer has to be
connected to the interface
implementing object of cB.

)

FI MiCROCONSULT
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3.2.12 Bound Class: clnBound.cpp

Port Implementation — Basic Concept — Bound Class: clnBound.cpp

#include "cInBound.hpp"

einterfacers
Inherface:ieX

#include "..\..\Plattform\HAL\BasicIO.hpp"
using namespace Plattform::HAL;

namespace B

{
cInBound::cInBound () :mptr_icX(nullptr)
{
// no implementation

}

The interface pointer is
void cInBound::function (void) initialized by a default value.
{

showValue ("\ncInBound: :function() is called");

if (mptr_icX != nullptr)

{

mptr_icX->function();

In the implementation of the
interface function,
cB::function ()is called,

} which is behind the interface
} pointer after initialization.
void cInBound::set_mptr icX(icX* const ptr_icX) The interface pointer has to be
{ connected to the real

mptr_icX = ptr_icX;
}
}

function () implementation
in class cB.

72 MI1CROCONSULT
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3.2.13 Port Class: pcB.hpp

Port Implementation — Basic Concept — Port Class: pcB.hpp

#ifndef _ pcB HPP__ tatacaien
#define  pcB HPP T

#include "cInBound.hpp"

Tporter
Bipch B

namespace B

{

({:lass pcB sgut mporta () pens gy
e Jre—— [r——
pcB() = default;
virtual ~pcB() = default;
. ] Returns the object address of
cInBound* get_mInBound(void) const; cTnBound to connect the both
private: ports

cInBound mInBound;
}i
}

#endif // __pcB_HPP__

The port class contains an
object of the cInBound class.

© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 F28 g MICRO CONSULT
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3.2.14 Port Class: pcB.cpp

Port Implementation — Basic Concept — Port Class: pcB.cpp

#include "pcB.hpp"

namespace B
{
cInBound* pcB::get mInBound(void) const S —
return const_cast<cInBound*>(&mInBound); -

Tporter
Bipch B

) +function(}

Returns the mInBound object
address in order to access it
from the cB class

72 MI1CROCONSULT
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3.2.15 Realization Class: cB.hpp

Port Implementation — Basic Concept — Realization Class: cB.hpp

#ifndef  cB HPP
#define = cB HPP

#include "..\Interface\icX.hpp" S SNUURR USSR
using Interface::icX; - =

S s |

#include "pcB.hpp"

namespace B

{

class cB : public icX

{

public: Returns the address of the pcB
eiE) fwoilel) 5 object to access the mInBound
virtual ~cB() = default; object

pcB* get_mPortB(void) const;

void function (void) override; . X .
Final implementation of the

private: interface function ()

PcB mPortB;
}i
ieqd. c ) @B EEE The realization class contains
nes e an object of port class pcB.

)

FI MiCROCONSULT

®

@
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3.2.16 Realization Class: cB.cpp

Port Implementation — Basic Concept — Realization Class: cB.cpp

#include "cB.hpp"

using namespace Plattform::HAL;

namespace B

{
cB::cB(void)
{

// class cB implements icX

}

pcB* cB::get_mPortB(void) const
{
return const_ cast<pcB*>(&mPortB) ;

}

void cB::function(void)

{

}

#include "..\..\Plattform\HAL\BasicIO.hpp"

mPortB.get mInBound()->set mptr_ icX(this);

showValue ("\ncB: : function() is call"); OMeCthortB

Initializes the interface pointer
to the implementing object of
class cB

This is done once by default in
the constructor, so it is not
verified anymore.

Returns the address of port

Final implementation of the
interface function ()
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Port Implementation

3.2.17 Main_Application: Instantiation and Initialization

Port Implementation — Basic Concept — Main_Application: Instantiation and Initialization
<<accessor>> <<realization>>
locA:A::cA locB:B::cB
<<p0|’t>> <<p0rt>>
mPortA:A::pcA mPortB:B::pcB
<<bound>> <<bound>>
mOutBound:A:: minBound:B:: i
cA A::locA; ,"’
cB B::locB; cB::cB(void)
{
mPortB. ->set _mptr_ icX(this);
}
{3 MiCROCONSULT
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3.2.18 Main_Applicaton: Execution

Port Implementation — Basic Concept — Main_Application: Port Connection

<<realization>>

<<accessor>>
locA:A::cA locB:B::cB
<<p0rt>> <<p0|’t>>
mPortA:A:pcA mPortB:B::pcB
<<bound>> <<bound>>
mOutBound:A:: ! minBound:B::
locA.get_mPortA() -> ->set_mptr icX(locB.get mPortB()-> )

© MicroConsult - Microelectronics Consulting & Training GmbH

Terminal Output:

Port Implementation - Basic Concept:
<A> Connect port
<B> Disconnect port

<C> Check port connection
<D> Execute port interaction
> a
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3.2.19 Main_Applicaton: Execution

Port Implementation — Basic Concept — Main_Application: Execution

<<accessor>> <<realization>>
locA:A::cA locB:B::cB
<<p0rt>> <<p0rt>>
mPortA:A::pcA mPortB:B::pcB
<<bound>> <<bound>>
mOutBound:A:: minBound:B::

Terminal Output:

Port Implementation - Basic Concept:

<A> Connect port

<B> Disconnect port

<C> Check port connection
locA.execute() ; <D> Execute port interaction

> d

cOutBound: : function() is called
cInBound::function() is called
cB::function() is called

© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 F34 g MICRO CONSULT
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3.3 Controller and Counter

3.3.1 Overview

Port Implementation — Controller and Counter — Overview

<<accessor>> <<interface>>
Controller::cController Interface::icCounter

#icCounter ()
#~icCounter()

+cController () +getCountValue () :uint32 t

+~cController () Interface:icCounter +getStartValue () :uint.'?‘z_t
+getBoundaryValue () :uint32 t

t+contrer() TV f( ________ +reset()

-controlOutput () : +count ()

-controlInput () 2

Controller::pcController Interface::icCounter

Counter::pcCounter

<<realization>>
Counter::cCounter

-mCountValue:uint32_t

-mStartValue:uint32 t
{final} -mBoundaryValue:uint32 t {final}

<<realization>> #cCounter (Startvalue, <<realization>>
Counter::cUpCounter BoundaryValue) Counter::cDownCounter
#~cCounter ()
+cUpCounter (StartValue, +getCountValue() :uint32 t +cDownCounter (StartValue,
BoundaryValue) +getStartValue() :uint32 t BoundaryValue)
+~cUpCounter () +getBoundaryValue () :uint32 t +~cDownCounter ()
+count () +reset () +count ()
-isInRange () :bool +count () {abstract} -isInRange () :bool
-count_raw () -count_raw ()

© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 g MICRO CONSULT
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3.3.2 Controller Path

Port Implementation — Controller and Counter — Controller Path

<<accessor>> <<interface>>
Controller::cController Interface::icCounter
-mPortController:pcController[2] #icCounter ()
#~icCounter ()
+cController () +getCountValue () :uint32_t
+~cController() +getStartValue () :uint32 t
+get_mPortController (Index) : +getBoundaryValue () :uint32_t
pcController* +reset ()
+control () +count ()
-controlOutput ()
—-controlInput () 4 -mptr_icCounter
1
1
1
_ 1
2 |-mPortController <<realize>> : <<access>>
<<port>> <<bound>>
Controller:zpcController Controller::
-mptr icCounter:icCounter
+cOutBound ()
+pcController () +~cOutBound ()
+~pcController () +set _mptr icCounter (icCounter*)
+get_mptr_icCounter () :icCounter*
+get mOutBound () :cOutBound* +getCountValue () :uint32 t
+isConnected () :bool +getStartValue () :uint32 t
+getBoundaryValue () :uint32 t
+reset()
+count ()

72 MiCROCONSULT
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3.3.3 Counter Path

Port Implementation — Controller and Counter — Counter Path

<<realization>> ___ _S<realize>> N <<interface>>
Counter::cCounter Interface::icCounter
-mPortCounter:pcCounter #icCounter ()
-mCountValue:uint32 t #~icCounter ()
-mStartValue:uint32 t +getCountValue () :uint32_t
-mBoundaryValue:uint32 t +getStartValue () :uint32:t
#cCounter (StartValue, +getBoundaryValue () :uint32 t
BoundaryValue) +reset ()
#~cCounter () +count ()
+get_mPortCounter () :pcCounter* 4 _mptr icCounter
+getCountValue () :uint32 t h —
+getStartValue() :uint32 t !
+getBoundaryValue () :uint32 t :
+reset () <<realize>> | <<access>>
+count () {abstract} <<bound>>
? Counter::
-mPortCounter . .
-mptr_ icCounter:icCounter

<<port>>

Counter::pcCounter +cInBound ()

+~cInBound ()
+set_mptr icCounter (icCounter*)

+getCountValue () :uint32 t

tpcCounter () +getStartValue () :uint32_t
+~pcCounter () +getBoundaryValue () :uint32 t
+reset()
+count ()
© MicroConsult - Microelectronics Consulting & Training GmbH 26.07.2021 F37 g MicroCONSULT
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3.4 Additional Aspects

Port Implementation — Additional Aspects

= Embedded classes are used instead of embedded objects.

= Provided and required interfaces can be directly implemented in ports
without using bound classes.

= Port connections can be initialized in the constructor of another (builder) class.

= With a static port connection, the successful connection only has to
be verified once and not before each call via port.
=> increased performance

{4 MiCROCONSULT
© MicroConsult - Microelectronics Consulting & Training GmbH PORT-39

Port-Designs_Implementierungsansaetze_MicroConsult_ThomasBatt .docx



Port Designs and Implementation Approaches
Summary and Outlook

4 Summary and Outlook

Summary and Outlook

= The port concept
v is an advanced interface concept
v allows logical grouping of provided and required interfaces
v' is applicable for larger embedded software architectures

= Define a suitable port and interface implementation
according to the software requirements.

= Port and interface concepts support software quality properties:
v Reusability, portability
v' Exchangeability, expandability, ...

= Port and interface concepts support software principles:
v Loose coupling, externalization of dependencies
v" Modularization, high degree of cohesion, ...

= Download: http://download.microconsult.net/ese2020/interface-designs.zip
= Download: http://download.microconsult.net/ese2021/port-designs.zip
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5 MicroConsult Training and Coaching

MicroConsult Training and Coaching

Software Architectures for Embedded and Real-Time Systems
English German

Embedded C++ Advanced: Object-Oriented Programming for uC with C++/EC++
English German

Embedded Software Design and Patterns with C
English German

Coaching [English and German]:
Please contact us with your topic.

MicroConsult GmbH
Dipl.-Ing. (FH) Thomas Batt
Senior Manager Training & Coaching

t.batt@microconsult.com
+49 (0)89 450617-35
www.microconsult.de
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