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Why and What is it?
Abstraction/

Encapsulation
(Build-time)

Polymorphism

(Run-time)
Polymorphism Inheritance

Modular code
Modular code is easier to:
● Design/Write
● Change
● Test

“Type-agnostic” code
● Encourages code 

reuse
● Allows for Design 

Patterns



Abstraction and Encapsulation2
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Ducks
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Singletons
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Opaque Structs
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Memory Management

p_Duck_t duckCreate( void )
{

p_Duck_t newDuck = (p_Duck_t)calloc(1,sizeof(Duck_t));
return newDuck;

}

Dynamic

// Create array of ducks; i.e. a memory pool
p_Duck_t duckCreate( void )
{
   // newDuck = NULL;

// For each element in the array of ducks:
      // If element is not in use:
         // newDuck = element.duck
         // break;

return newDuck;
}

Static

Heap
array[0] array[1] …

In use? In use? …

struct Duck_t struct Duck_t …
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Going Further “Comparison of OOP techniques in C”
● Mediator Pattern



READ-ONLY

Build-time Polymorphism3

Source file #1

Source file #2

Compiler/Linker

Configuration

Executable #1

Executable #2
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Using the Linker
// object.h
int Obj_Fcn1( int );

// Source file #1
#include object.h
int x = Obj_Fcn1(5);

// Source file #2
int Obj_Fcn1( int val )
{
    return val + 1;
}

// Source file #3
int Obj_Fcn1( int val )
{
    return val + 2;
}
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Using the Linker
// object.h
int Obj_Fcn1( int );

// Source file #1
#include object.h
int x = Obj_Fcn1(5); // x gets 6

// Source file #2
int Obj_Fcn1( int val )
{
    return val + 1;
}

// Source file #3
int Obj_Fcn1( int val )
{
    return val + 2;
}
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Using the Linker
// object.h
int Obj_Fcn1( int );

// Source file #1
#include object.h
int x = Obj_Fcn1(5); // x gets 7

// Source file #2
int Obj_Fcn1( int val )
{
    return val + 1;
}

// Source file #3
int Obj_Fcn1( int val )
{
    return val + 2;
}



Functional Simulator

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

A
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Interface Classes

Same
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Functional Simulator

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

// source1.c

#ifdef OBJ1
#    include object1.h
#    define OBJECT p_Object1
#    define OBJ(fcn, ...) Obj1_## fcn(__VA_ARGS__)
#else
#    include object2.h
#    define OBJECT p_Object2
#    define OBJ(fcn, ...) Obj2_## fcn(__VA_ARGS__)
#endif

OBJECT newObject;         // New generic object
OBJ(init, newObject, 5);  // Generic “init” function
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Using the Preprocessor

// source1.c

#define OBJ1

#ifdef OBJ1
#    include object1.h
#    define OBJECT p_Object1
#    define OBJ(fcn, ...) Obj1_## fcn(__VA_ARGS__)
#else
#    include object2.h
#    define OBJECT p_Object2
#    define OBJ(fcn, ...) Obj2_## fcn(__VA_ARGS__)
#endif

OBJECT newObject;         --> p_Object1 newObject;
OBJ(init, newObject, 5);  --> Obj1_init(newObject,5);
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Using the Preprocessor

// source1.c

#define OBJ2

#ifdef OBJ1
#    include object1.h
#    define OBJECT p_Object1
#    define OBJ(fcn, ...) Obj1_## fcn(__VA_ARGS__)
#else
#    include object2.h
#    define OBJECT p_Object2
#    define OBJ(fcn, ...) Obj2_## fcn(__VA_ARGS__)
#endif

OBJECT newObject;         --> p_Object2 newObject;
OBJ(init, newObject, 5);  --> Obj2_init(newObject,5);
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Comparison of Polymorphic Techniques

Link-time Compile-time

Difficulty Easiest Medium

Scoping Applies to the entire 
project

Applies to a single 
source file



Run-time Polymorphism4

p_Shape_t myShapes[] = { square1, circle1 };

draw(myShapes[0]);

draw(myShapes[1]);
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Function Pointers
void (*change_this_function)(void);

void print_hello()
{
    printf(“Hello!\n”);
}

void print_goodbye()
{
    printf(“Goodbye!\n”);
}

void main(void)
{
    change_this_function = print_hello;
    change_this_function();
    change_this_function = print_goodbye;
    change_this_function();
}
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More Ducks

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

Final

Virtual

void baseFcn1( p_Obj this )
{
    // Base class implementation
}

void baseFcn1( p_Obj this )
{
    if( this->Fcn1 ) this->Fcn1(this);
    else /* Base class implementation */ ;
}
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Four Types of Inherited Functions

Pure Virtual

Final + Virtual
(a.k.a the Template Method Pattern)

void baseFcn1( p_Obj this )
{
    ASSERT(this->Fcn1);
    this->Fcn1(this);
}

void baseFcn1( p_Obj this )
{
    // Base class implementation
    if( this->Fcn1 ) this->Fcn1(this);
}
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Public, Private, Protected Functions
Public Private

Protected

// Obj.h
void Fcn1(p_Obj);

// Obj.c
void Fcn1(p_Obj){...}

// Obj.h
// Nothing

// Obj.c
static void Fcn1(p_Obj){...}

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

// Obj_private.h
#define Fcn1(x) ...
or
static inline void Fcn1(p_Obj){...}
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Different Pointers to the Same Data

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

nums

p_nums

5 8 13 21 34

nums[3]

*(p_nums+3)
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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
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Different Pointers to the Same Data

typedef struct Mallard_t {
Duck_t parentDuck;
featherColor myColor;

} Mallard_t, *Mallard;

Mallard

Duck_t

featherColor*duckShow name

mallardShow B i l l BROWN

*Mallard is a *Duck
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Interface, Abstract, and Base Classes
Interface Class Abstract Class

Base Class

// No constructor
// No member variables

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

// Obj.r
typedef struct Obj
{
  int (*f)();
  void (*g)(int);
}

// No constructor
// Member variables

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

// Obj.r
typedef struct Obj
{
  int (*f)();
  void (*g)(int);
  int val1;
  float dbl1;
}

// Constructor

// Obj.h
p_Obj new( void );
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More Ducks
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Comparison of Polymorphic Techniques

Link-time Compile-time Run-time

Difficulty Easiest Medium Hardest

Scoping
Applies to the 
entire project

Applies to a 
single source file

Applies to each 
individual object
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Keep it Simple, Student

Link-time Compile-time Run-time

Singleton

Opaque 
struct
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Going Further “Comparison of OOP techniques in C”
● Template Method Pattern
● Factory Pattern



Inheritance5
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Matroshka Structs

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

nums

p_nums

5 8 13 21 34

nums[3]

*(p_nums+3)



© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com

Matroshka Structs
redMallard_t

Mallard_t

Other data

Duck_t

featherColorvtable name

* B i l l BROWN …

*redMallard_t is a
*Mallard_t is a *Duck_t

*show *deinit *destroy
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Matroshka Structs
redMallard_t

Mallard_t

Other data

Duck_t

featherColorvtable name

* B i l l BROWN …

*show *deinit *destroy *migrate *Other fcn

Duck interface

Mallard interface

redMallard interface

redMallard interface is a
Mallard interface is a ...
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void *
Duck duckNew(...);
Duck mallardNew(...);
???  redMallardNew(...):
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void *
Duck duckNew(...);
Duck mallardNew(...);
???  redMallardNew(...);

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

duckShow((Duck)aMallard);
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void *
Duck duckNew(...);
Duck mallardNew(...);
???  redMallardNew(...);

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

duckShow(aMallard);

// duck.c
void duckShow( void * _thisDuck )
{

Duck thisDuck = (Duck)_thisDuck;
...

}
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Two Problems

Car myCar = (Car)carNew(...);
duckShow(myCar);

1. Is “_thisDuck” really even a Duck??
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Two Problems

Car myCar = (Car)carNew(...);
duckShow(myCar);

1. Is “_thisDuck” really even a Duck??

int x = 5;
duckShow(&x);

2. Is “_thisDuck” really even an object??

=> Objects point to base class
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Two Problems

Car myCar = (Car)carNew(...);
duckShow(myCar);

1. Is “_thisDuck” really even a Duck??

int x = 5;
duckShow(&x);

2. Is “_thisDuck” really even an object??

=> Objects point to base class

=> Magic numbers
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Magic Numbers
redMallard_t

Mallard_t

Other data

Duck_t

featherColorMagic # vtable name

0x0effaced * B i l l BROWN …

0x0effaced *show *deinit *destroy *migrate *Other fcn

Duck interface

Mallard interface

redMallard interface



© EmbeddedOnlineConference.com All rights reserved EmbeddedOnlineConference.com

Going Further
“OOC” by Axel Schreiner

*Free PDF
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Summary

Vestibulum conge 

Inheritance03 ● Matroshka structs
● Manual type system

Polymorphism02
● Linker substitution
● Preprocessor
● Function pointers

Abstraction/
Encapsulation01 ● Singleton

● Opaque structs

Examples
● Mediator
● Functional simulator
● Template method
● Factory
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