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1 Content

» Interface Concept Introduction

= Interface Design: Single, Multiple, Different Levels

= Interface Design: Different Types

= Interface Design: Function Semantics

= Interface Implementation: Example and Approaches

= Summary and Outlook

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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2 Interface Design

2.1 Basis Concept

Interface Design — Basic Concept
A = Accessor calls functions which are provided by the interface
ceessor = Viewpoint: Interface is required
[9])
2]
(O]
Q
Q
©
Interface = The interface defines a set of functionalities
= Complete semantics
(O]
N
S
(O]
S
o = Realization implements the interface
Realization = Viewpoint: Interface is provided
© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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2.2 Access

2.2.1 Single Accessor and Single Interface

Interface Design — Access — Single Accessor and Single Interface

Accessor

T
1<<access>>
1
1
1

v

Interface

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT

© MicroConsult - Microelectronics Consulting & Training GmbH INTERFACE-5
Interface-Designs_Implementierungsansaetze__MicroConsult_ThomasBatt.docx



Interface Designs and Implementation Approaches
Interface Design

2.2.2 Single Accessor and Multiple Interfaces

Interface Design — Access — Single Accessor and Multiple Interface

Accessor

T T
<<access>>1 1<<access>>
1 1
1 1

1 1
\Z v

Interface A Interface B

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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2.2.3 Multiple Accessors and Single Interface

Interface Design — Access — Multiple Accessors and Single Interfaces

Accessor 1 Accessor n

T T
<<access>>1 1<<access>>
1 1
1 1

1 1
2 v

Interface

Comment:
= Take care in a multithreading
context

72 MiCROCONSULT
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2.2.4 Multiple Accessors and Multiple Interfaces

Interface Design — Access — Multiple Accessors and Multiple Interfaces (1..)

Accessor A Accessor B
T T
<<access>>1 1<<access>>
| i
1 1
v v
Interface A Interface B

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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Interface Design — Access — Multiple Accessors and Multiple Interfaces (..2)

Accessor
Accessor A | TR
: Aand B
1
<<access>>1 | i <<access>>
| | :
v | v
1
1
Interface A [¢--- Interface B

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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2.2.5 Multiple Accessors and Multiple Interface Levels

Interface Design — Access — Multiple Accessors and Multiple Interface Levels (1..)

AccessorA  [---------- > Interface A
<<access>>
cescesses|  Acosssor | <<realize>>
Accessor A atd Aand B H
prv— !
} i ‘ - Accessor Interface
Interface A ' InterfaceB | [ | 4 ==@==Z0 @0 @00 Zz09090 [Fememmm—m——-——- >
Aand B <<access>> A and B

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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Interface Design — Access — Multiple Accessors and Multiple Interface Levels (..2)

Accessor A Accessor C Accessor B
T T T
<<access>>: : <<access>> : <<access>>
| | |
v v v
Interface A &------- Interface C  r-------{3 Interface B
<<realize>> <<realize>>

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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2.3 Realization

2.3.1 Single Interface and Single Realization

Interface Design — Realization — Single Interface and Single Realization

Interface

A

1
: <<realize>>
1

Realization

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT

INTERFACE-12 © MicroConsult - Microelectronics Consulting & Training GmbH
Interface-Designs_Implementierungsansaetze__MicroConsult_ThomasBatt.docx



Interface Designs and Implementation Approaches

Interface Design

2.3.2 Single Interface and Multiple Realizations

Interface Design — Realization — Single Interface and Multiple Realizations

Comments:

Polymorphic structure

Dynamic polymorphism:
Realization with virtual functions
Access by pointer or reference
Static polymorphism:

Realization without virtual functions

Interface
<<realize>>: : <<realize>>
i |
Realization Realization
variant 1 variant n
{3 MiCROCONSULT
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2.3.3 Single Interface and Split Realizations

Interface Design — Realization — Single Interface and Split Realizations

Comments :
= Interface realization with
virtual functions cannot
be split into different classes
= =>Solution: Facade Pattern

Interface
_ -
<<rea||ze>>: : <<realize>>
| |
Realization Realization
part 1 partn

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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2.3.4 Multiple Interfaces and Separated Multiple Realizations

Interface Design — Realization — Multiple Interfaces and Separated Multiple Realizations

Interface A Interface B
<<realize>>: : <<realize>> <<realize>>: : <<realize>>
i i i i
Realization A Realization A Realization B Realization B
variant 1 variant n variant 1 variant n
{4 MiCROCONSULT
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2.3.5 Multiple Interfaces and Separated Split Realizations

Interface Design — Realization — Multiple Interfaces and Separated Split Realizations

Interface A Interface B
_ L. b .
<<rea||ze>>: ! <<realize>> <<real|ze>>: ! <<realize>>
i i i i
Realization A Realization A Realization B Realization B
part 1 partn part 1 partn
© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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2.3.6 Multiple Interfaces and Single Realization: Interface Segregation Principle

Interface Design — Realization — Multiple Interfaces and Single Realization: Interface Segregation Principle

Interface A Interface B

o

<<realize>>

<<realize>>1 1
1 1
1 1
] ]

Realization
Aand B
{3 MiCROCONSULT
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2.3.7 Multiple Interfaces and Multiple Realizations: Interface Segregation

Principle

Interface Design — Realization — Multiple Interfaces and Multiple Realizations: Interface Segregation Principle

Interface A Interface B

n B B 5

<<realize>>

<<realize>>1 <<realize>> <<realize>>
1

i Realization i
! Aand B !

variant 1

Realization
---------- Aand B e
variant n

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FHE Micro CONSULT
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2.4 Interface

2.4.1 Types: Call-Interface

Interface Design — Interface — Types: Call Interface

<<Architecture_Element>> |

A

Accessor

<<access>>

<<Architecture_Element>>
B

v
Call
Interface

AN

<<realize>>

Realization

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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2.4.2 Types: Callback-Interface

Interface Design — Interface — Types: Callback Interface

<<Architecture_Element>> |
A
Realization
| <<realize>>
1
1
i
<<Architecture_Element>> :
B ;
v
Callback
Interface
7y
1
1
1
| <<access>>
Accessor

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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2.4.3 Types: Registration-Interface

Interface Design — Interface — Types: Registration Interface (1..)
<<Architecture_Element>>
A
Realization
and [TTSETEEESS
Accessor :
| <<realize>> | <<access>>
| |
T T
1 1
<<Architecture_Element>> : :
B ! 1
v v
Callback
Callback . .
Registration
Interface
Interface
7}
1
1 1
I 1
| <<access>> | <<realize>>
Accessor |
1
and  f----------
Realization
{3 MiCROCONSULT
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Interface Design — Interface — Types: Registration Interface (..2)
<<Architecture_Element>>
A
L. Accessor
Realization €~
Manager
: <<realize>> :<<access>>
| :
i |
<<Architecture_Element>> | :
B ; :
v v
Callback
Callback ! X
Registration
Interface
Interface
7y
1
1 1
1 1
! <<access>> | <<realize>>
Accessor |
1
and [ttt
Realization
© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g Micro CONSULT
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2.4.4 Observer Pattern Application

Interface Design — Interface — Observer Pattern Application
<<Architecture_Element>> |
A
<<Concrete Accessor
Observer>> [€77 Manager
Realization
| <<realize>> |<<access>>
| |
| |
<<Architecture_Element>> : :
B ; ;
v v
<<Observer>> <<Subject>>
Callback Celllars
T Registration
nerlace Interface
B I
1 1
I 1
| <<access>> | <<realize>>
1
<<Concrete !
Subject>> [T
Accessor and Realization
{3 MiCROCONSULT
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2.45 Semantics

Interface Design — Interface — Semantics

Interface: <<interface, call>>
= <<Stereotypes>>: | | ——— icName
interface,call
interface,callback
interface, registration
Meaningful name

Prefixes: ic, icb, icbreg

+ doSomething (in Name:type t =1):type t

Function: Parameter: Types
= Meaningful name = Meaningful name (Parameter and Return):
= Optional void
= Visibility: public = Amount max. 12 = Standard data types
= Already predefined
= Amount max. 12 = Direction: in, out, inout specific data types
= Don’t use types that will be
= Modifiers: = Optional: Default value developed in future
virtual, inline, = Performance increase:
const, static, ... = Performance increase: Pass by pointer /
Start parameter list with reference instead by value
simple types, place = Postfix t
complex types at the end = Optional: Multiplicities
= Modifiers: const, ...

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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3 Interface Implementation

3.1 Example and Approaches

Interface Implementation — Example and Approaches

<<Software_Subsystem>>
Controller

= Requires two counter

= One UpCounter

= One DownCounter

T
<<Software_Subsystem>> :
1

T
| <<access>>
Counter M !
= Provides a minimum of counter functionalities .
= Functionalities are shown in icCounter interface :
v
<<interface>>
Approaches: icCounter
- Assouatlpn +getCountValue() :uint32 t
=  Aggregation +getStartValue() :uint32_t
. Composition +getBoundaryValue () :uint32 t
*  Facade pattern RO
N p +count ()
= Virtual Interface

= Non-virtual interface (NVI)
=  Template parameter
= Curiously recurring template pattern (CRTP)

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MicroCONSULT
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3.2 Association

3.2.1 Accessor, Interface and Realization

Interface Implementation — Association — Accessor, Interface and Realization

<<accessor>>
cController

<<access>> -mptr_cUpCounter:cUpCounter* <<access>>

-mptr cDownCounter:cDownCounter*

+cController ()

+set ptr cUpCounter (ptr_cUpCounter)
+set ptr cDownCounter (ptricDownCounter)
+control ()

—controlOutput ()

-controlInput ()

Non virtual functions

-mptr_cUpCounter -mptr_cDownCounter
[: <<interface, realization>> :]
cCounter
-mCountValue:uint32_t
. -mStartValue:uint32 t :
final - final
- {final} — -mBoundaryValue:uint32 t - { - }
<< >> << >>
et | [yetcomevare 0 roiness ¢ e
p +getStartvValue() :uint32_t
+getBoundaryValue () :uint32_t
+cUpCounter (StartValue, +reset () +cDownCounter (StartValue,
BoundaryValue) #cCounter (StartvValue, BoundaryValue)
+count () BoundaryValue) +count ()
-isInRange () :bool -isInRange () :bool
—-count_raw () —-count_raw ()
© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g Micro CONSULT
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3.3 Aggregation

3.3.1 Accessor, Interface and Realization

Interface Implementation — Aggregation — Accessor, Interface and Realization

<<accessor>>
cController
<<access>> -mptr_cUpCounter:cUpCounter* <<access>>
-mptr cDownCounter:cDownCounter*

+cController ()

+get ptr cUpCounter () :cUpCounter*
+get ptr cDownCounter () :cDownCounter*
+control ()

—controlOutput ()

—-controlInput ()

Non virtual functions

-mptr_cUpCounter -mptr_cDownCounter
[: <<interface, realization>> :]
cCounter
-mCountValue:uint32_ t
. -mStartValue:uint32 t :
final — final
- {final} — -mBoundaryValue:uint32 t - { - ;
<< >> << >>
interface, realzation FgetCountvalus () Tuint32_t interface, realzation
p +getStartvValue() :uint32_t
+getBoundaryValue () :uint32_t
+cUpCounter (StartValue, +reset () +cDownCounter (StartValue,
BoundaryValue) #cCounter (StartvValue, BoundaryValue)
+count () BoundaryValue) +count ()
-isInRange () :bool -isInRange () :bool
—-count_raw () —-count_raw ()

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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3.4 Composition

3.4.1 Accessor, Interface and Realization

<<access>>

Interface Implementation — Composition — Accessor, Interface and Realization

<<accessor>>
cController

-objUpCounter

{final}

-mobjUpCounter:cUpCounter
-mobjDownCounter:cDownCounter

‘ <<access>>

+cController ()
+control ()
—controlOutput ()
—controlInput ()

—>

-objDownCounter

<<interface, realization>>
cCounter

qi

-mCountValue:uint32_t
-mStartValue:uint32 t
-mBoundaryValue:uint32 t

cUpCounter

<<interface, realization>>

{final}

+getCountValue () :uint32_t

+getStartvValue() :uint32_t
+getBoundaryValue () :uint32_t

+cUpCounter (StartValue,
BoundaryValue)

+count ()

+reset ()
#cCounter (StartvValue,
BoundaryValue)

<<interface, realization>>
cDownCounter

+cDownCounter (StartValue,
BoundaryValue)

+count ()

-isInRange () :bool
—-count_raw ()

-isInRange () :bool
—-count_raw ()

FHA Micro CONSULT
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3.5 Facade Pattern

3.5.1 Accessor and Interface

Interface Implementation — Facade Pattern — Accessor and Interface

<<accessor>>
cController

-mptr_icCounter:icCounter*[2]

+cController ()
+set _ptr icCounter (ptr_icCounter,
Index)
+control ()
—controlOutput ()
—controlInput ()
<<access>>

2| -mptr_icCounter

<<interface, facade>>
icCounter

-mBoundaryValue:uint32_ t

+icCounter (StartValue,
BoundaryValue,
StepValue)

+getCountValue () :uint32_t

+getStartValue() :uint32_t

+getBoundaryValue () :uint32_t

+reset ()

+count ()

-isInRange () :bool

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020

FA MicroConsuLT

© MicroConsult - Microelectronics Consulting & Training GmbH
Interface-Designs_Implementierungsansaetze__MicroConsult_ThomasBatt.docx

INTERFACE-29



Interface Designs and Implementation Approaches
Interface Implementation

3.5.2 Interface and Realization

Interface Implementation — Facade Pattern — Interface and Realization

<<interface, facade>>
icCounter

-mBoundaryValue:uint32_ t

—’ -mobjCounter:cCounter
<<realize>> -mobjBoundaryChecker: tcBoundaryChecker <<realize>>

+icCounter (StartValue, BoundaryValue,
StepValue)

+getCountValue () :uint32_t

+getStartValue() :uint32_t

+getBoundaryValue () :uint32_t

+reset ()

+count ()

-isInRange() :bool || e

-mobjCounter -mobjBoundaryChecker

{Type T = uint32_t}

T 1
E Type T
d '
<<realization>> <<realization>> ~"""""""" o
cCounter tcBoundaryChecker
-mCountValue:uint32 t .
-mStartValue:uint32 t :2ﬁ22¥2122:§yp2—$
-mStepValue:int32_t Ptype_
+
cCounter(StartValge, StepValue) +tcBoundaryChecker (Minvalue,
+getCountValue () :uint32 t
. - MaxValue)

+getStartValue () :uint32 t fgetMinvalue () :Type T
+getStepValue () :int32_t +getMaxValue():T§§e_T
+ . —
+i§tS§ngilu:iSET?Value) +setMinValue (MinValue)

gg9-e ectio +setMaxValue (MaxValue)
+reset () +isTnRange () :bool
+count () E .
© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 F29 FH Micro CONSULT
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3.6 Virtual Interface

3.6.1 Accessor and Interface

Interface Implementation — Virtual Interface — Accessor and Interface

<<accessor>>
cController

-mptr_icCounter:icCounter*[2]

+cController ()
+set_ptr icCounter (ptr_ icCounter,
Index)
+control ()
—controlOutput ()
—controlInput ()
<<access>>

2| -mptr icCounter

<<interface, virtual>>
icCounter

+getCountValue() :uint32_t
+getStartValue () :uint32 t
+getBoundaryValue () :uint32 t
+reset ()

+count ()

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 g MICRO CONSULT
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3.6.2 Interface and Realization

Interface Implementation — Virtual Interface — Interface and Realization

<<interface, virtual>>
icCounter

+getCountValue() :uint32 t
+getStartValue() :uint32 t
+getBoundaryValue () :uint32 t
+reset()

+count ()

JAN

1 .
1 <<realize>>
1

<<realization>>
cCounter

-mCountValue:uint32_ t

—————— | -mstartvalue:uint32_t <

-mBoundaryValue:uint32_t

+getCountValue() :uint32 t
+getStartValue() :uint32 t

{final} +getBoundaryValue () :uint32 t ffinaly
+reset()
<<realization>> #cCounter (Startvalue, <<realization>>

cUpCounter BoundaryValue) cDownCounter

+cUpCounter (StartValue, +cDownCounter (StartvValue,
BoundaryValue) BoundaryValue)

+count () +count ()
-isInRange () :bool -isInRange () :bool
—count_raw () —-count_raw ()

© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 FH Micro CONSULT
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3.7 Non-Virtual Interface (NVI) Idiom

3.7.1 Accessor and Interface

Interface Implementation — Non-Virtual Interface (NVI) Idiom — Accessor and Interface

<<accessor>>
cController

-mptr_icCounter:icCounter*[2]

+cController ()
+set _ptr icCounter (ptr_icCounter,
Index)
+control ()
—controlOutput ()
—controlInput ()
<<access>>

2| -mptr_ icCounter

<<interface, non-virtual>>
icCounter
#mCountValue:uint32_t
#mStartValue:uint32 t
#mBoundaryValue:uint32 t

+icCounter (StartValue,
BoundaryValue)

+getCountValue () :uint32_t

+getStartValue() :uint32_t

+getBoundaryValue () :uint32_t

+reset ()

+count ()

-isInRange () :bool {abstract}

-count_raw() {abstract}
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Interface Implementation — Non-Virtual Interface (NVI) Idiom — Interface and Realization

<<interface, non-virtual>>
icCounter
#mCountValue:uint32 t
#mStartValue:uint32_t
#mBoundaryValue:uint32 t

+icCounter (Startvalue,

BoundaryValue)
cerealizes> +getCountValue () :uint32_t <<realize>>
——————> +getStartValue () :uint32_t Kp————
+getBoundaryValue () :uint32 t
+reset ()
+count ()

-isInRange () :bool {abstract}
-count_raw() {abstract}

{final} {final}
<<realization>> <<realization>>
cUpCounter cDownCounter
+cUpCounter (StartvValue, +cDownCounter (StartValue,
BoundaryValue) BoundaryValue)
—-isInRange () :bool —-isInRange () :bool
—-count_raw () —-count_raw ()
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3.8 Template Parameter

3.8.1 Accessor, Interface and Realization

Interface Implementation — Template Parameter — Accessor, Interface and Realization

<<accessor>>

tcController
-mobjCounterA:CounterA T
-mobjCounterB:CounterB T

+tcController ()
+control ()

—controlOutput ()
—controlInput ()

) <<realization>> 1

cCounter
-mCountValue:uint32_ t
-mStartValue:uint32 t
{final} -mBoundaryValue:uint32 t {final}

<<realization>> +getCountValue () :uint32 t <<realization>>
cUpCounter +getStartvalue () :umt?z—t cDownCounter
+getBoundaryValue () :uint32_t
+reset ()
+cUpCounter (StartValue, #cCounter (Startvalue, +cDownCounter (StartValue,
BoundaryValue) BoundaryValue) BoundaryValue)
+count () +count ()
-isInRange () :bool -isInRange () :bool
-count_raw () —-count_raw ()
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3.9 Curiously Recurring Template Pattern (CRTP)

3.9.1 Accessor, Interface and Realization

Interf&e Implementation — Curiously Recurring Template Pattern (CRTP) — Accessor, Interface and Realization

<<accessor>>
tcController

-mobjCounterA:CounterA T
-mobjCounterB:CounterB_T

+tcController ()
+control ()

—controlOutput ()
—-controlInput ()

<<interface, realization>>

- ]
<<interface>> ]
Realization T 1

+count ()

+tcUpCounter (StartValue,
BoundaryValue)

{MixedIn: ticCounter {MixedIn:
Realization T -mCountValue:uint32_t Realization T
= tcUpCounter} -mStartValue:uint32 t = tcDownCounter}

{final} -mBoundaryValue:uint32_t ffinal}
<<realization>> :get::ungaiue() f“’_‘"tgg—t <<realization>>
tcUpCounter ge EEEIEIEE() sEElaEER tcDownCounter

+getBoundaryValue () :uint32_t

+reset ()

+count ()

#tcCounter (StartValue,
BoundaryValue)

+tcDownCounter (StartValue,
BoundaryValue)
+count ()

-isInRange () :bool
-count_raw ()

FHA Micro CONSULT

-isInRange () :bool
—-count_raw ()
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4 Summary and Outlook

Summary and Outlook

= |n a very early software architecture development step,
v’ establish interfaces
v’ try to get the interfaces stable

= During software development,
the architect has to agree to any changes to the interface

= Define a suitable interface implementation
according to the software requirements

= Interface concepts support software quality properties:
v Reusability, portability
v Exchangeability, expandability, ...

= Interface concepts support software principles:
v Loose coupling, externalization of dependencies
v" Modularization, high cohesion, ...

The interface concept can be enhanced with the port concept.

= Download: http://download.microconsult.net/ese2020/interface-designs.zip
© MicroConsult - Microelectronics Consulting & Training GmbH 05.10.2020 B MICRO CONSULT

© MicroConsult - Microelectronics Consulting & Training GmbH INTERFACE-37
Interface-Designs_Implementierungsansaetze__MicroConsult_ThomasBatt.docx



Interface Designs and Implementation Approaches
MicroConsult Training and Coaching on Interface Design

5 MicroConsult Training and Coaching on Interface Design

MicroConsult Training and Coaching on Interface Design

Training [English and German]:

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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