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] Why and What is it?
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] Why and What is it?

Abstraction/ (Build-time)
Encapsulation Polymorphism
(Run-time) Inheritance

Polymorphism
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] Why and What is it?

Abstraction/ (Build-time)
Encapsulation Polymorphism

toggleSwitch

P +toggle()

g = N § ;\-'-.

(Run-time)
Polymorphism

Inheritance
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] Why and What is it?

Abstraction/ (Build-time)
Encapsulation Polymorphism

Configuration

toggleSwitch
— 7 READ-ONLY
ez rtoggle) v \\\; Compile’r/Linker </’[—E"e°“‘ab'e .
g = N <. W}/ g *{ BEELAEE
(Run-time) Inheritance
Polymorphism
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] Why and What is it?

Abstraction/ (Build-time)
Encapsulation Polymorphism

Configuration

toggleSwitch
READ-ONLY

¢ Y
" Source file #1 | .[ Executable #1
| \/‘9 Compiler/Linker /
& N s Sotrce file #2 A \‘( Executable #2
o

(Run-time)
Polymorphism

P +toggle()

|

Inheritance

p_Shape t myShapes[] = { squarel, circlel };

@

draw (myShapes [0]) ;
draw (myShapes[1]) ;
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] Why and What is it?

Abstraction/ (Build-time)
Encapsulation Polymorphism

toggleSwitch Configuration
) READ-ONLY
P +toggle() L \\ ' . ,[ Executable #1
i | \/\/‘: Compiler/Linker / 3
g % N s Sotrce file #2 }// \‘( Executable #2
] .
(Run-time) :
i Inheritance
Polymorphism
k
p_Shape t myShapes[] = { squarel, circlel }; 2ae
Animal Labrador

draw (myShapes [0]) ;

draw (myShapes[1]) ;

Dog p/
O Ele
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I Why and What s it? _» Modular code

4 Abstraction/ (Build-time) I
Encapsulation Polymorphism

Configuration

toggleSwitch
READ-ONLY

Y
Source file #1 ~__ ’[ Executable #1

\/‘9 Compiler/Linker /

o v
g - N & W}’// \ *{ Executable #2
\_ il — /

(Run-time)
Polymorphism

+toggle()

Inheritance

) Duck
p_Shape t myShapes[] = { squarel, circlel };

Animal Labrador

Dog p/
O Ele

draw (myShapes [0]) ;

draw (myShapes[1]) ;
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Modular code is easier to:;
e Design/Write

] Why and What s it? _»Modularcode o 0

4 Abstraction/ (Build-time) I ° fest
Encapsulation Polymorphism

Configuration

toggleSwitch

READ-ONLY

+toggle()

Source file #1

) ,[ Executable #1
P

e . .
’//5 Compiler/Linker <

Ogz® 7
g L N N - | Sourcefle#2 }’/ | *{ BEELAEE
\_ all — /

(Run-time)
Polymorphism

Inheritance

) Duck
p_Shape t myShapes[] = { squarel, circlel };

Animal Labrador

Dog p/
O Ele

draw (myShapes [0]) ;

draw (myShapes[1]) ;
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] Why and What is it?

Abstraction/
Encapsulation

toggleSwitch

(Build-time)
Polymorphism

Configuration
Y

[ -_‘ READ-ONLY
%O +tog gl e () » ""fl 7 ,[ Executable #1
3 . \\/“5 Compiler/Linker <‘_
g % N N Source file #2 } A Executable #2
o | | |
Run-time .
a ( ) Inheritance

Polymorphism

draw (myShapes [0]) ;
draw (myShapes[1]) ;

\_

p_Shape t myShapes[] = { squarel, circlel };

O

Animal

Duck

Labrador

Dog

o
X

Poodle

~

“Type-agnostic” code

/
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] Why and What is it?

Abstraction/ (Build-time) ) -
Encapsulation Polymorphism TUpe'OQHOSUC code

Compiler/Linker <‘

.f‘/L’l 5
g o N& >3 Source file #2 Executable #
o0

7 (Run-time) nheritance |

Polymorphism

Patterns

- Encourages code
toggleSwitch @ g
:> READ-ONLY re U Se
Ogz© +toggle() Source file #1 ’ .[ Executable #1 A | | OWS fo rD esi g N

i

) Duck
p_Shape t myShapes[] = { squarel, circlel };

Animal Labrador

draw (myShapes [0]) ;

draw (myShapes[1]) ;

Dog p/
O Ele
\_ _/
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Modular code is easier to:

Modular code ® Design/write
& e Change

I Why and What is it?
4 Abstraction/ (Build-time) I

e Jest

“Type-agnostic” code

Encapsulation Polymorphism
{ on e [n r
toggleSwitch ’ Configuration CO U O g e S CO d e
— 2 k, READ-ONLY | | reyse
oo | *tosglel V ———— T Seoatien e Allows for Design
Qﬁ . ¥}/;) WWMWMm<&GhJ PCﬂterﬂS

g% S \ Source file #2 ‘JL/’ *‘ Executable #2

o0

N | <
/ (Run-time) Inheritance \

Polymorphism

p_Shape t myShapes[] = { squarel, circlel };

Duck

Animal Labrador

draw (myShapes [0]) ;

draw (myShapes[1]) ;
Dog

g
. O Es
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a Abstraction and Encapsulation

toggleSwitch




B Ducks

duck

char name[]

ducklnit(char * hame)
duckShow()
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l Singletons

main

duck Tl

-char name[]

+ducklnit(char * name)
+duckShow() i o

‘'name’ made private by
being put inside duck.c
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| Opaque Structs

I— duck

-char name[]

//In duck.h
typedef struct Duck_t * p_Duck_t /" +duckCreate() : p_Duck_t
+duckinit(p_Duck_t, char *)

+duckShow(p_Duck_t)
+duckDestroy(p_Duck_t)

//In duck.c
typedef struct Duck_t{

char name[] T
} Duck_t

EmbeddedOnlineConference.com
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] Memory Management

Dynamic

p Duck t duckCreate( void )

{
p Duck t newDuck

return newDuck;

Static

Heap

array[0] array[1]

In use? In use?

/

struct Duck t | struct Duck t

(p_Duck t)ecalloc(l,sizeof (Duck t));

// Create array of ducks; i.e. a memory pool
p Duck t duckCreate( void )

{

// newDuck = NULL;

// For each element in the

// If element 1s not 1in use:

// newDuck
// break;
return newDuck;

element.duck

array of ducks:

EmbeddedOnlineConference.com
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I Going Further “Comparison of OOP techniques in C”

e Mediator Pattern
@

Newnes

DESIGN PATTERNS Fror

EMBEDDED SYSTEMSInC

An Embedded Software Engineering Toolkit

Use the hard-won experiences of others to create embedded
systems using design patterns

Shows how to cut development time and cost, and Increase
speed and rellabllity through code re-use

Ready-to-go techniques that you can start to use immediately

Bruce Powel Doyglass
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Build-time Polymorphism

READ-ONLY

4 )

{ Configuration }
4 N
Source file #1

Executable #1
b g > Compiler/Linker <\ g
4 ™\ 4 ™\

Source file #2 Executable #2

N Y, A J

/

A\




. . // Source file #2 // Source file #3
I USlng the Linker int Obj Fenl( int val ) int Obj_Fenl( int val )

// object.h { {

: . . return val + 1; return val + 2;
int Obj Fecnl( int ); \ }
// Source file #1
#include object.h
int x = Obj Fcnl (9);
Program
library
Coject
file 21
gbfee cgtg ~—®  Linker [—® Exescutable
'y fils
Chiject
file 23
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. . // Source file #2 #3
I USlng the Llnker int Obj Fecnl( int val ) t val )
. {
(/ Obj§Ct°h , return val + 1; 2
int Obj Fcnl( 1nt ); \

// Source file #1
#include object.h
int x = Obj Fcnl(5); // x gets 6

Program
library

Coject

file #1

Object

fff: g2 [P Linker [P E.g?cu:ab‘.e
i file
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#2 // Source file #3
t val ) int Obj Fcnl( int val )
{

1; return val + 2;

] Using the Linker

// object.h
int Obj Fcnl( int );

// Source file #1
#include object.h
int x = Obj Fcnl(5); // x gets 7

Program
library

Linker [—® Executable
file

Source
£ile 23
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Functional Simulator

Using linker substitution to simulate an embedded
system on a laptop or desktop computer.



main 5 ;
—  _build-time

B Interface Classes g

-char name[]

Ao +duckCreate() : p_Duck_t

typedef struct Duck_t * p_Duck_t
SO me :> +ducklnit(p_Duck_t, char *)

+duckShow(p_Duck_t)
| +duckDestroy(p_Duck_t)

//1n duck.c

typedef struct Duck_t{
char name[] .................... .

} Duck_t

«interface»

main build-time - duck_h

+duckCreate() : p_Duck_t <} implements
y | +duckinit(p_Duck_t, char *)
typedef struct Duck_t * p_Duck_t I +duckShow(p_Duck_t)

| +duckDestroy(p_Duck_t) A duck_c

-char name[]

typedef struct Duck_t{
char name[]
} Duck_t

EmbeddedOnlineConference.com
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B Functional Simulator

«interface»

hardwarePlatform_h

main

—bui ld-time1—>

+initHardware() : int
+ledToggle()
+delay_ms(uint16_t)
+delay_sec(uint8_t)

NF

imp_lements -----

A—

i.r.nplements- -e-

x86_c

STM32F1_c

https://github.com/nathancharlesjones/Generic-
Makefile-based-Project-for-x86-and-STM32F1
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] Using the Preprocessor

—— OBJECT : object1
source1 « [ implements____
> il
+init(OBJECT, int) +0bj1_init(p_Object1, int)
. '
//1n object1.h ™™

typedef struct Object1 * p_Object1

implémen!s
‘ object2

//In object2.h
typedef struct Object2 * p_Object2

+0bj2_init(p_Object2, int)

EmbeddedOnlineConference.com
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] Using the Preprocessor

// sourcel.c

#ifdef OBJ1

# include objectl.h

i define OBJECT p Objectl

i define OBJ(fcn, ...) Objl ## fcn( VA ARGS )
felse

# include object2.h

i define OBJECT p Object?2

i define OBJ(fcn, ...) Obj2 ## fcn( VA ARGS )
fendif

OBJECT newObject; // New generic object

OBJ (init, newObject, 5); // Generic “init” function

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



] Using the Preprocessor

// sourcel.c
#define OBJ1

#ifdef OBJ1

# include objectl.h

i define OBJECT p Objectl

i define OBJ(fcn, ...) Objl ## fcn( VA ARGS )
telse

# include object2.h

i define OBJECT p Object?2

i define OBJ(fcn, ...) Obj2 ## fcn( VA ARGS )
fendif

OBJECT newObject; —-—> p_Objectl newObject;
OBJ(init, newObject, 5); --> Objl init(newObject,5);
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] Using the Preprocessor

// sourcel.c
#define OBJ2

#ifdef OBJ1

# include objectl.h

i define OBJECT p Objectl

i define OBJ(fcn, ...) Objl ## fcn( VA ARGS )
telse

# include object2.h

i define OBJECT p Object?2

i define OBJ(fcn, ...) Obj2 ## fcn( VA ARGS )
fendif

OBJECT newObject; —-—> p_Object2 newObject;
OBJ(init, newObject, 5); --> Obj2 init(newObject,5);
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l Comparison of Polymorphic Techniques

Link-time Compile-time

Difficulty Easiest Medium

Scoping | Applies to the entire | Applies to a single
project source file
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Run-time Polymorphism

p Shape t myShapes[] = { squarel, circlel };

draw (myShapes[0]) ;
draw (myShapes|[1]) ;




B Function Pointers

void (*change this function) (void);

void print hello()

{
printf (“Hello!\n”);

void print goodbye ()

{
printf (“Goodbye!\n"”) ;

vold main (void)

{
change this function
change this function(
change this function
change this function/(

print hello;

) ;
= print goodbye;
) ;
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B More Ducks

main

«abstract»

run-time Duck

S— . ‘ ___extends
- -char name[] P

Mallard

-featherColor myColor

..................... =) +duckShow(Duck)
"""""""" +duckShow(Duck) AV '

2}

typedef struct Duck_t * Duck

| typedef enum {RED, BROWN, WHITE} featherColor é;itends

’ Rubber

r -duck_size size
typedef enum {SMALL, MEDIUM, LARGE} duck_size |......-cccoeoeimemee ?

+duckShow(Duck)

Duck George = /* Make a rubber duck */ ;
Duck Bill = /* Make a mallard duck */ ;

duckShow (George) ;
// “Hi! I'm a medium rubber duck. My name is George.”

duckShow (B1i11l) ;
// “Hi! I'm a mallard duck. My name is Bill. I have brown feathers.”
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] Four Types of Inherited Functions

Final

vold baseFcnl ( p Obj this )
{

// Base class implementation

Virtual

void baseFcnl ( p Obj this )

{
1f( this->Fcnl ) this->Fcnl (this);
else /* Base class implementation */ ;
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] Four Types of Inherited Functions

Pure Virtual

vold baseFcnl ( p Obj this )

{
ASSERT (this->Fcnl) ;

this->Fcnl (this) ;

Final + Virtual

(a.k.a the Template Method Pattern)

void baseFcnl ( p Obj this )
{

// Base class implementation
1f( this->Fcnl ) this->Fcnl (this);

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



B Public, Private, Protected Functions

Public Private
// Ob3.h // Obd.h
void Fcnl (p Obj); // Nothing
// Obj.c // Obj.c

void Fcnl(p Obj){...} static void Fcnl(p Obj){...}

Protected
// Obj.h & Obj.c
// Nothing

// Obj private.h

#define Fcnl (x)

or

static inline void Fcnl(p Obj) {...}
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B Different Pointers to the Same Data

int nums[5] = {5, 8, 13, 21, 34};
int *p nums = nums;

nums

\ e \
13 21 34
p_nums / *(p_nums+3) /

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



] Memory Layout of a Duck

typedef struct Duck t {
void (*duckShow) ( p Duck t thisDuck );
char name[MAX CHARS NAME WITH NUL];

} Duck t;

|

*duckShow name

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



B Different Pointers to the Same Data

typedef struct Mallard t {
Duck t parentDuck;
featherColor myColor;
} Mallard t, *Mallard;

|

*Mallard is a *Duck

Mallard

Duck t

*duckShow

name

featherColor

mallardShow | B [ I

BROWN

© EmbeddedOnlineConference.com All rights reserved
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] Interface, Abstract, and Base Classes

Interface Class

// No constructor
// No member variables

// Obj.h
int f£( void );
void g ( int );

// Obj.r
typedef struct Obj

{
int (*£) ()7
void (*g) (int) ;

Abstract Class

// No constructor
// Member wvariables

// Obj.h
int f£( void );
void g ( int );

// Obj.r
typedef struct Obj
{
int (*f£) ()7
void (*g) (int);
int vall;
float dbll;

Base Class

// Constructor

// Obj.h
p Obj new( void );

EmbeddedOnlineConference.com
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B More Ducks

«abstract»
Mallard
. Duck L
main 2 | .
—run-time_ - -featherColor myColor
‘—----____~> -char name[] __....extends |
‘ i +mallardCreate(char * , featherColor) : Duck
#Fduckinit(Duck, char *)
1 +duckShow({Duck)
1 +duckQuack(Duck) tardDeinit(Duck)
% - -mallardDeini
typedef struct Duck_t * Duck +duckShow(Duck) .
"3 | -mallardDestroy(Duck)
+duckDestroy(Duck)
: ektend;
typedef enum {RED, BROWN, WHITE} featherColor Rubber
A ‘ -duck_size size
+rubberCreate(char * , duck_size) : Duck
typedef enum {SMALL, MEDIUM, LARGE} duck_size ... semenpenbares +duckShow(Duck)
-rubberDeinit(Duck)
-rubberDestroy(Duck)
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l Comparison of Polymorphic Techniques

Link-time Compile-time Run-time

Difficulty Easiest Medium Hardest

Scoping
Applies to the Applies to a Applies to each
entire project ' single source file  individual object
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_ Keep it Simple, Student

Link-time Compile-time  Run-time
{E)E,a)'“ IN\(,U(_>|_S(M9N]
SingletOn l MLU (_> I_Sowswj \\uwlrvc/
[ mev| [ev]
=[]
Opaque T [Modde A | Modile® R
struct & ¢ [Semorc] |Summrk
enSoY>s [Somor | |Semon &
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] Going Further

O'REILLY" &

Head First R EFACTORING
Des|gn TO PATTERNS

Patterns g™

Building Extensible [S

& Maintainable al .
Object-Oriented S
Software

“Comparison of OOP techniques in C”

e Template Method Pattern
e Factory Pattern

Eric Freeman &
Elisabeth Robson
with Kathy Sierra & Bert Bates

A Brain-Friendly Gui

SEcoND EDITION
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Inheritance

Duck

Animal

Labrador

Dog

[
X

Poodle




B Matroshka Structs

int nums[5] = {5, 8, 13, 21, 34};
int *p nums = nums;
nums \ nums[3] \
5 8 21 34

p_nums

*(p_nums+3)

\

© EmbeddedOnlineConference.com All rights reserved
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B Matroshka Structs

*redMallard_tis a

*Mallard_t is a *Duck_t

redMallard_t
Mallard_t
Duck t
vtable name featherColor | Other data
* B | i I I BROWN
*show | *deinit | *destroy

© EmbeddedOnlineConference.com All rights reserved
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redMallard interface is a
I Matroshka Structs Mallard interface is a ...

redMallard_t
Mallard_t
Duck t
vtable name featherColor | Other data
* B | i I I BROWN
*show *deinit *destroy *migrate *Other fcn

Duck interface

Mallard interface

redMallard interface
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B void*

Duck duckNew (...);
Duck mallardNew(...);
??? redMallardNew(...) :

© EmbeddedOnlineConference.com All rights reserved
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B void*

Boete duckNew (...);
Boek mallardNew (...);
=2 redMallardNew (...);

Duck duckNew (...);
Mallard mallardNew(...);
redMallard redMallardNew(...)

duckShow ( (Duck) aMallard) ;

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



B void*

Boete duckNew (...);
Boek mallardNew (...);
=2 redMallardNew (...);

void * duckNew(...);
void * mallardNew(...);
void * redMallardNew (...);

duckShow (aMallard) ;

// duck.c
void duckShow ( void * thisDuck )

{
Duck thisDuck = (Duck) thisDuck;

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



B Two Problems

1. Is “_thisDuck” really even a Duck??
Car myCar = (Car)carNew(...);
duckShow(myCar);

© EmbeddedOnlineConference.com All rights reserved
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B Two Problems

1. Is “_thisDuck” really even a Duck??
Car myCar = (Car)carNew(...);
duckShow(myCar);

=> Objects point to base class

© EmbeddedOnlineConference.com All rights reserved
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B Two Problems

1. Is “_thisDuck” really even a Duck??
Car myCar = (Car)carNew(...);
duckShow(myCar);

=> Objects point to base class

2. Is “_thisDuck” really even an object??
int X = 5;
duckShow(&x);

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



B Two Problems

1. Is “_thisDuck” really even a Duck??
Car myCar = (Car)carNew(...);
duckShow(myCar);

=> Objects point to base class

2. Is “_thisDuck” really even an object??
int X = 5;
duckShow(&x);

=> Magic numbers

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



]l Magic Numbers

redMallard_t
Mallard_t
Duck t
Magic # | vtable name featherColor Other data
OxOeffaced * B | i || || BROWN
|
OxOeffaced @ *show *deinit *destroy *migrate *Other fcn

Duck interface

Mallard interface

redMallard interface

© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com



Going Further
N T—

MEMBERSHIP

Newnes

PRACTICAL
UML STATECHARTS

n C/ C++, Second Edition

Event-Driven Programming for
Embedded Systems

Focuses on core concepts

Provides a complete, ready-1o-use, open source
software architecture

Includes an extessive example using the ARM
Cortex-M3

Miro Samek

*Free PDF
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“O0C” by Axel Schreiner

1

1
Abstract Data Types
Information Hiding

1.1 Data Types

Data types are an integral part of every programming language. ANSI-C has int,
double and char to name just a few. Programmers are rarely content with what's
available and a programming language normally provides facilities to build new data
types from those that are predefined. A simple approach is to form aggregates
such as arrays, structures, or unions. Pointers, according to C. A. R. Hoare "‘a step
from which we may never recover,”” permit us to represent and manipulate data of
essentially unlimited complexity.

What exactly is a data type? We can take several points of view. A data type
is a set of values — char typically has 256 distinct values, int has many more; both
are evenly spaced and behave more or less like the natural numbers or integers of
mathematics. double once again has many more values, but they certainly do not
behave like mathematics' real numbers.

Alternatively, we can define a data type as a set of values plus operations to
work with them. Typically, the values are what a computer can represent, and the
operations more or less reflect the available hardware instructions. int in ANSI-C
does not do too well in this respect: the set of values may vary between machines,
and operations like arithmetic right shift may behave differently.

More complicated examples do not fare much better. Typically we would
define an element of a linear list as a structure

typedef struct node {
struct node * next;
. information ...
} node;
and for the operations we specify function headers like
node * head (node * elt, const node * tail):;

This approach, however, is quite sloppy. Good programming principles dictate
that we conceal the representation of a data item and declare only the possible
manipulations.

1.2 Abstract Data Types

We call a data type abstract, if we do not reveal its representation to the user. Ata
theoretical level this requires us to specify the properties of the data type by
mathematical axioms involving the possible operations. For example, we can
remove an element from a queue only as often as we have added one previously,
and we retrieve the elements in the same order in which they were added.

EmbeddedOnlineConference.com




Examples

| Summary e Mediator
e Functional simulator
Abstraction/ Singleton o Template method
o e [Factory

Encapsulation Opaque structs

Linker substitution
()) Polymorphism Preprocessor
Function pointers

Matroshka structs

08 LUSIZHES Manual type system
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