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Object - Oriented Software Engineering

1. Object-Oriented Development


1.1. The Evolution of the Programming Languages


First-Generation Languages



FORTRAN I 
mathematical expressions



ALGOL 58
mathematical expressions


Second-Generation Languages



FORTRAN II
subroutines, separate compilation



ALGOL 60
block structure, data types



COBOL

data description, file handling



LISP

list processing, garbage collection


Third-Generation Languages



PL/1



ALGOL 68



PASCAL



SIMULA

classes, data abstraction


Fourth-Generation Languages

1.2. Terminology

Object - Oriented Programming (OOP): 

OOP is a method of implementation in which programs are organized as cooperative collections of objects, each of which represents an instance of some class, and whose classes are all members of a hierarchy of classes united via inheritance relationships.

Object - Oriented Design (OOD): 

OOD is a method of design encompassing the process of object-oriented decomposition and a notation for depicting both logical and physical as well as static and dynamic models of the system under design.

Object - Oriented Analysis (OOA): 

OOA is a method of analysis that examines requirements from the perspective of the classes and objects found in the vocabulary of the problem domain.

2. Concepts of the Object Model

2.1. Notions of the Object Model

Object is an entity with a well-defined behavior, which combines 

procedures and data.

An object is a software entity that serves to perform computations 

with own local state.

The notionss: operation, method, member function evolved from 

three different object-oriented programming cultures, namely the 

languages Ada, Smalltalk and C++.

Protocol denotes the ways in which an object may act and react, and thus constitutes the entire static and dynamic outside view of the abstraction.


2.2. 
Abstraction

An abstraction denotes the essential characteristics of an object that 

distinguish it from all other kinds of objects and thus provide crispy 

defined conceptual boundaries, relative to the perspective of the viewer.


An abstraction focuses on the outside view of an object and so serves to 
separate an object’s essential behaviour from its implementation.


Kinds of Abstractions:


- entity abstraction: an object that represents a model of a problem domain;

- action abstraction: an object that provides a generalized set of operations, 

   all of which perform the same kind of function;

- virtual machine abstraction: an object that groups together operations that 

  are all used by some superior level of control;

- coincidental abstraction: an object that packages a set of operations 

  without interrelations between each other.

2.3. 
Encapsulation


Encapsulation is the process of compartmentalizing the elements of 

an abstraction that constitute its structure and behaviour, encapsulation 

serves to separate the contractual interface of an abstraction and its 

implementation.


Abstraction and encapsulation are complementary concepts: abstraction 

focuses on the observable behavior of an object, whereas encapsulation 

focuses upon the implementation that gives rise to its behaviour.


Encapsulation is more often achieved through information hiding, 

which is the process of hiding all the secrets of an object that do not 

contribute to its essential characteristics; 

Typically the structure of an object is hidden, as well 
as the 

implementation of its methods.


Encapsulation serves to separate the contractual interface of an abstraction

from its implementation.


Each class must have two parts:

- interface: it captures only its outside view, including our

   abstraction of the behavior common to all instances of the class;

- implementation: it comprises the representation of the abstaction 

  as well as the mechanisms that achieve the desired behavior.


2.4. 
Modularity

Modularity is a property of a system that has been decomposed 

into a set of cohesive and loosely coupled modules.


Modularization consists of dividing a program into modules which 

can be compiled separately, but which have connections with other modules. 


Modules serve as physical containers in which we declare the classes and 

objects of our logical design.


In object-oriented design the problem is where to physically package the 

classes and objects from the design’s logical structure:


- each module’s structure should be simple enough that it can be understood;

- it should be possible to change the implementation of the other modules 

  without affecting their behavior ;

2.5. 
Hierarchy

Hierarchy is a ranking or ordering of abstractions. 


Many different hierarchies are usually present within a complex system. 

The two most important hierarchies in a complex system are:

- its class structure (the “is-a” hierarchy);

- its object structure (the “part-of” hierarchy).


Inheritance is the most important “is-a” hierarchy, it is an essential 

element of object-oriented systems.

Inheritance defines relationships among classes, wherein one class 

shares the structure or behavior defined in one or more classes 

(denoting single inheritance and multiple inheritance respectively).


Inheritance thus represents an hierarchy of abstractions, in which 

a subclass inherits from one or more superclasses.


Inheritance implies a generalization / specialization hierarchy.
Example: Abstraction
A Temperature sensor


// Temperature in degrees Fahrenheit


typedef float Temperature;


// Number uniquely denoting the location of a sensor


typedef unsigned int Location;


class TemperatureSensor


{



public:




TemperatureSensor( Location );




~TemperatureSensor();




void Calibrate( Temperature ActualTemperature );




Temperature currentTemperature() const;



private:




...


};


...


Temperature temperature;


TemperatureSensor greenhouse1Sensor( 1 );


TemperatureSensor greenhouse2Sensor( 2 );


temperature = greenhouse1Sensor.currentTemperarture;



...

Example: Encapsulation
Heater



//Boolean type



enum Boolean { FALSE, TRUE };



class Heater



{




public:





Heater( Location );





~Heater();





void TurnOn();





void TurnOff();




protected:





const Location repLocation;





Boolean repIsOn;



};



Heater::Heater( Location l ) : repLocation( l ),










 repIsOn( FALSE ), repPort( &SerialPort::ports[l])



{}



Heater::~Heater() {};



void Heater TurnOn()

 

{





if ( !repIsOn )





{






repPort->write( repLocation );






repPort->write( 1 );






repIsOn = TRUE;





}



}
Examples: Hierarchy


Semantically inheritance denotes an “is-a” relationship.

Single Inheritance



// Yield type



typedef unsigned int Yield;



class FruitGrowingPlan : public GrowingPlan



{




public:





FruitGrowingPlan( char* Name );





virtual ~FruitGrowingPlan();





virtual void establish( Day,Hour,const Condition& );





void scheduleHarvest( Day,Hour );





Boolean isHarvest() const;





unsigned daysUntilHarvest() const;





Yield estimatedYield() const;




protected:





Boolean repHarvest;





Yield repYield;



  };


“Part-of” hierarchies describe aggregation relationships 

Aggregation



class Garden



{




public:





Garden();





virtual ~Garden();





virtual establishGrowConditions( const Condition& );





...




protected:





Plant* repPlants[ 100 ];





GrowingPlan repPlan;





...



};
