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C++

a brief notes on C++ language

 

C++ - Programming Steps
THE ORIGIN OF C++ 
The C programming language was developed at AT&T for the purpose of writing the operating system for the PDP-11 series of computers which ultimately became the UNIX operating system. C was developed with the primary goal of operating efficiency. Bjarne Stroustrup, also of AT&T, developed C++ in order to add object oriented constructs to the C language. Because object oriented technology was new at the time and all existing implementations of object oriented languages were very slow and inefficient, the primary goal of C++ was to maintain the efficiency of C. 

C++ can be viewed as a traditional procedural language with some additional constructs. Beginning with C, some constructs are added for object oriented programming and some for improved procedural syntax. A well written C++ program will reflect elements of both object oriented programming style and classic procedural programming. C++ is actually an extendible language since we can define new types in such a way that they act just like the predefined types which are part of the standard language. C++ is designed for large scale software development. 

C++ syntax
By definition, syntax is the rules governing the formation of statements in a programming language. In other words, it is the specific language (code) you use to turn algorithms into programs and specific rules you have to follow when programming with C++. As you will find out, if you make one small mistake when writing code, the compiler will notify you of the syntax error when you try to run it. C++, like all languages, is very picky when it comes to syntax. Let's look at a simple example program written in C++.
// BEGIN PROGRAM
// Program to calculate the average of 3 integers

#include <iostream.h>    
// header file for input/output stream
#include <conio.h>    

// header file for standard input/output

int main( )
{
    int number1, number2, number3;    // declaration of variables
    float average;
    clrscr();             


// Clear the output screen
    cout << endl << endl;
    cout << "Enter first integer: ";
    cin >> number1;
    cout << "Enter second integer: ";
    cin >> number2;
    cout << "Enter third integer: ";
    cin >> number3;

    average = (number1 + number2 + number3) / 3.0;    
// calculates the average
    cout << "The average of the three integers is: " << average << endl;

    getch();                 


// Wait for a character expression from keyboard
    return 0;
}    // end main( )
For now, notice how each executable statement in the program is ended with a semi-colon. Every executable statement must always be terminated with a semi-colon, which signals that it is the end of the statement. Any code placed after // will not affect the code; // is used for comments and documentation. Also notice that text is always enclosed in parentheses. Let's dig deep into the code to find out why you need to use certain code statements.

· cout - console output - It is simply letting the compiler know that something is being sent into the output stream (normally the screen) 

· << - insertion operator - cout and the insertion operator go hand and hand; you must use it whenever you issue a cout command 

· cin - console input - It is simply letting the compiler know that something is being sent into the input stream (normally into the memory of a computer) 

· >> - extraction operator - cin and the extraction operator go hand and hand; you must use it whenver you issue a cin command 

· endl - end line - basically the same as pressing the return key in a text editor; returns down to the next line 

Lexical Conventions

Introduces the fundamental elements of a C++ program as they are meaningful to the compiler are used to construct statements, definitions, declarations, and so on, which are used to construct complete programs.

The fundamental elements of a C++ program are called “lexical elements” or “tokens” to construct statements, definitions, declarations, and so on, which are used to construct complete programs. The following lexical elements are discussed in this chapter: 

1. Tokens

A token is the smallest element of a C++ program that is meaningful to the compiler. The C++ parser recognizes these kinds of tokens: Identifiers, Keywords, Literals, Operators, Punctuators, and Other Separators. A stream of these tokens makes up a translation unit.

2. Comments

A comment is text that the compiler ignores but that is useful for programmers. Comments are normally used to annotate code for future reference.

A C++ comment is written in one of the following ways: 

· The /* (slash, asterisk) characters, followed by any sequence of characters (including new lines), followed by the */ characters. 

· The // (two slashes) characters, followed by any sequence of characters. A new line not immediately preceded by a backslash terminates this form of comment. Therefore, it is commonly called a “single-line comment.” 

/*This is an example of

  comments in a program */

FileName = String( "hello.dat" );   // Initialize file string 

3. Identifiers

An identifier is a sequence of characters used to denote one of the following: 

· Object or variable name

· Class, structure, or union name

· Enumerated type name

· Member of a class, structure, union, or enumeration

· Function or class-member function

· typedef name

· Label name

The first character of an identifier must be an alphabetic character, either uppercase or lowercase, or an underscore ( _ ). Because C++ identifiers are case sensitive, fileName is different from FileName.

4. C++ keywords

Keywords are predefined reserved identifiers that have special meanings. They cannot be used as identifiers in your program. The following keywords are reserved for C++:

	asm
	auto
	bad_cast
	bad_typeid

	bool
	break
	case
	catch

	char
	class
	const
	const_cast

	continue
	default
	delete
	do

	double
	dynamic_cast
	else
	enum

	except
	explicit
	extern
	false

	finally
	float
	for
	friend

	goto
	if
	inline
	int

	long
	mutable
	namespace
	new

	operator
	private
	protected
	public

	register
	reinterpret_cast
	return
	short

	signed
	sizeof
	static
	static_cast

	struct
	switch
	template
	this

	throw
	true
	try
	type_info

	typedef
	typeid
	typename
	union

	unsigned
	using
	virtual
	void

	Volatile
	while
	
	


5. Punctuators

Punctuators in C++ have syntactic and semantic meaning to the compiler but do not, of themselves, specify an operation that yields a value. Some punctuators, either alone or in combination, can also be C++ operators or be significant to the preprocessor.  The punctuators are

! % ^ & * ( ) – + = { } | ~
[ ] \ ; ' : " < > ? , . / #
The punctuators [ ], ( ), and { } must appear in pairs 

6. Operators

Operator is a symbol that causes specific mathematical or logical manipulations to be performed. A combination of constants and variable together with the operators is called an expression .An expression that involves only constant is called constant expression .An expression that involves only arithmetic operators are called arithmetic expressions.

Eight types of operators :-

1.Arithematic Operators

 +
Addition 

· Subtraction

*
Multiplication

/
Division

%
Modulo Divison.
2. Relational operators:- used to make comparisons 


     <
less than

>
greater than

<=
Less than or equal to

>= 
greater than or equal to

= =
Equal to

!=
not equal to

3. Logical operators:-logical operators && and || are used when more than one conditon are to be tested to make decision

&&

AND

||

OR

!

NOT

4. Assignment operators

=
equal to

C supports a set of shorthand assignment operators .Eg:+=, -=, *=, /= etc.

A=A+1 equals A+=1

S=S*(k+p)  equals S*=(k+p)

5.     Increment or Decrement Operators

     ++
increment

--
Decrement 

Prefix operator ( First adds one to the operand and stores the result to the variable on the left. Suffix operator ( First assigns value to the variableon the left and the increments in the operand.

6.  Conditional Operator:- 

A ternary operator “?:” is available in C to construct conditional expression s of the form

exp1? exp2:exp3;

7. Bitwise operators

&
Bitwise and

|
Bitwise or

^
Bitwise Ex-Or

<<
Shift Left

>>
Shift Right

~
Complement

8. Special Operators

C supports some special operators such as comma(,) ,size-of operator(Determines the length of  arrays and structures), pointer operator ( *) and member selection operators( . and -> )

Comma operators:-     Are used  to link the related expressions together .A comma linked list of expressions are evaluated left to right. The value of the rightmost expression is the value of the combined expression.


Eg:- value=(x=10,y=5,x+y); 

 Then value will be equal to the result of the last expression .i.e .15.

Types

C++ supports three kinds of object types: 

Fundamental types are built into the language (such as int, float, or double). Instances of these fundamental types are often called “variables” .
Derived types are new types derived from built-in types.  

Class types are new types created by combining existing types.

Fundamental Types of the C++ Language
	Category
	Type
	Contents

	Integral
	char
	Type char is an integral type that usually contains members of the execution character set — in Microsoft C++, this is ASCII.

	
	
	The C++ compiler treats variables of type char, signed char, and unsigned char as having different types. Variables of type char are promoted to int as if they are type signed char by default, unless the /J compilation option is used. In this case they are treated as type unsigned char and are promoted to int without sign extension.

	
	short
	Type short int (or simply short) is an integral type that is larger than or equal to the size of type char, and shorter than or equal to the size of type int.

	
	
	Objects of type short can be declared as signed short or unsigned short. Signed short is a synonym for short.

	
	int
	Type int is an integral type that is larger than or equal to the size of type short int, and shorter than or equal to the size of type long.

	
	
	Objects of type int can be declared as signed int or unsigned int. Signed int is a synonym for int.

	
	Long
	Type long (or long int) is an integral type that is larger than or equal to the size of type int.

	
	
	Objects of type long can be declared as signed long or unsigned long. Signed long is a synonym for long.

	Floating
	float
	Type float is the smallest floating type.

	
	double
	Type double is a floating type that is larger than or equal to type float, but shorter than or equal to the size of type long double.

	
	long double
	Type long double is a floating type that is equal to type double.


Sizes of Fundamental Types
	Type
	Size

	char, unsigned char, signed char
	1 byte

	short, unsigned short
	2 bytes

	int, unsigned int
	4 bytes

	long, unsigned long
	4 bytes

	float
	4 bytes

	double
	8 bytes

	long double
	8 bytes


OOPS
Object oriented programming is known as OOPs.
OOP is a method of implementation in which programs are organized as co-operative collections of objects, each of which represents an instance of some class and whose classes are all members of a hierarchy of classes united through the property called inheritance.

Three important concepts about OOP are objects, classes and inheritance.

Structured Programming views the two core elements -Data & Functions as two separate entities.  Object oriented programming views them as a single entity. OOP is a new way of solving problems with computers.  OOP languages provide the programmer the ability to create class hierarchies, instantiate co-operative objects collectively working on a problem to produce the solution and send messages between objects to process themselves.
The fundamental features of the OOPs are the following:
· Encapsulation

· Data Abstraction

· Inheritance

· Polymorphism

· Message Passing

Encapsulation:  A mechanism that associates the code and the data it manipulates into a single unit and keeps them safe from external interference and misuse.
Data Abstraction:  The technique of creating new data types that is well suited to an application to be programmed. It provides the ability to create user-defined data types, for modeling a real world object, having the properties of built in data types and a set of permitted operators.
Inheritance:   It allows the extension and reuse of existing code without having to rewrite the code from scratch. Inheritance involves the creation of new classes (derived classes) from the existing ones (base classes), thus enabling the creation of a hierarchy of classes that stimulate the class and subclass concept of the real world. The new derived class inherits the members of the base class and also adds its own.

Polymorphism:  It allows a single name/operator to be associated with different operations depending on the type of data passed to it. In C++ it is achieved by function over loading,operator over loading and dynamic binding(virtual functions).
Message Passing: The process of invoking an operation on an object. In response to a message, the corresponding method (function) is executed in the object.
OBJECTS


An object can be a person, a place or a thing with which the computer must deal. Some objects may correspond to real-world entities such as students, employees, bank accounts inventory items etc.  Every object will have data structures called attributes and behaviour called operations. 

Consider the object having the attributes: Account Number, Account type, Name, Balance and Operations: Deposit, Withdraw, Enquire.
CLASSES


The objects with the same data structure(attributes) and behavior (operations) are grouped into a class.  All those objects possessing similar properties are grouped into the same unit.


Every object is associated with data and functions which define meaningful operations on that object. Related objects exhibiting the same behavior are grouped and represented by class as shown below:
Control Structures 
Controlling the flow of a program is a very important aspect of programming. There may be many different ways to find the solution to a particular problem, but you will want to look for the best and fastest way. C++ has four types of control structures: sequential, selection (decision), repetition (loops), and subprograms (functions). These structures simply control the execution of a program. 
Sequential 
Sequential means the program flow moves from one statement to the next, that statement moves to the next, and so on. It is the simplest form of structures, and it is not likely to use sequential structuring when developing complex programs. 

Selection (decision) 
Selection structures make decisions and perform commands according to the desicion making. Selection structures involve "if statments" which are statements like "if this, then do that" and "if not this, then do that". With "if statements", we can also include "nested if statements", which are "if statements" inside other "if statements". Another form of selection structures is called a "switch statement", which is very powerful for certain situations but not others. "Switch statements" focus on the value of a particular variable and perform different "cases" accordingly. 
Repetition (Loops)

Repetition structures are used when something needs to be repeated a certain number of times through the use of "loops". A loop is simply a statement that completes iterations or cycles until a certain value is reached and then execution moves to the next executable statement. For instance, if you were to ask the user to enter ten values to find the average of the numbers, you could write a loop that would continue letting the user enter numbers until ten numbers had been entered. 
Subprograms (functions) 
A function is a subprogram that performs a specific task and may return a value to the statement that called or invoked it. Functions make programming very powerful because once you develop a function to handle a particular situation, you can use that function for other programs. A function can call another function, which may call another function, and so on. It is a great way to organize your program and break your program down into logical steps. 

After a very brief intro to the different types of control structures, it's time to move on and find out how you can use each type. We will skip over sequential structures since they are pretty much self-explanatory and elementary and move on to selection statements. Read on for more about selection structures and "if statements"... 
Selection Statements 
When dealing with selection statments, there are generally three versions: one-way, two-way, and multi-way. One-way decision statements do some particular thing or they don't. Two-way decision statements do one thing or do another. Multi-way decision statements can do many different things depending on the value of an expression. 
One-Way Decisions 

One-way decisions are handled with an "if statement" and either do some particular thing or do nothing at all. The decision is based on a logical expression which either evaluates to true or false. If the logical expression is evaluated to true, then the corresponding statement is executed; if the logical expression evaluates to false, control goes to the next executable statement. The form of a one-way decision statement is as follows: 
   if ( logical expression ) 
           stmtT; 

The stmtT can be a simple or compound statement. Simple involves 1 single statement. Compound involves 1 or more statements enclosed with curly braces { }. A compound statement is called a block statement. 
Example 1: simple statement 
   int c = 3; 
   . 
   . 
   if ( c > 0 ) 
           cout << "c = " << c << endl; 

Example 2: compound statement 
  
 int c = 10; 
   . 
   . 
   if ( c > 5 ) 
   { 
           b = 2 * b + c; 
           cout << c * c * b << endl; 
   } 

Two-Way Decisions 
Two-way decisions are handled with "if / else statements" and either do one particular thing or do another. Similar to one-way decisions, the decision is based on a logical expression. If the expression is true, stmtT will be executed; if the expression is false, stmtF will be executed. The form of a two-way decision is as follows: 
   if ( logical expresion ) 
           stmtT; 
   else 
           stmtF; 

stmtT and stmtF can be simple or compound statements. Remember that compound statments are always enclosed with curly braces { }. 

Multi-Way Decisions 
Multi-way decision statements involve using "if / else if" statements, "nested ifs", or "switch" statments. They are all used to evaluate a logical expression that could have several possible values. "if / else if" statements are often used to choose between ranges of values. 
The form of a mult-way decision using "if / else if" statements is as follows: 

   if ( logical expression ) 
           stmtT1; 
   else if ( logical expression ) 
           stmtT2; 
   else if ( logcial expression ) 
           stmtT3; 
   . 
   . 
   . 
   else if ( logical expression ) 
           stmtTN; 
   else 
           stmtF; 
If the first logical expression is evaluated to true, then stmtT1 is executed. If the second logical expression is true, then stmtT2 is executed and so on down the line. If none of the logical expressions are true, then the statement after "else" is executed which is stmtF. 

The form of a multi-way decision using "nested ifs" is as follows: 
   if ( conditionA ) 
   { 
           if ( conditionB ) 
                    stmtBT; 
           else 
                    stmtBF; 
   } 
   else 
           stmtAF; 

If conditionA is evaluated to true, then execution moves into the nested if and evaluates conditionB. If conditionA is evaluated to false, then stmtAF is executed. 

Example 1: 
   int x; 
   if ( x > 0 ) 
           cout << "x is positive" << endl; 
   else if ( x = 0 ) 
           cout << "x is zero" << endl; 
   else 
           cout << "x is negative" << endl; 

Example 2: 
   char ch; 
   if ( ch >= 'A' && ch <= 'Z' || ch >= 'a' && ch <= 'z' ) 
           cout << "ch contains a letter" << endl; 
   else if ( ch >= '0' && ch <= '9' ) 
           cout << "ch represents a digit" << endl; 
   else if ( ch == ' ' || ch == '\t' || ch == '\n' ) 
           cout << "ch is white space" << endl; 
   else 
           cout << "ch is a misc. character" << endl; 

 
Switch Statements 
A switch statement is yet another option for writing code that deals with multi-way decisions. I saved it for a section by itself because some programmers feel using a switch statment is not good programming style. With 1 semester of programming under my belt and a few years of fooling around with different programming languages, I haven't encountered any problems with using a switch statement. I haven't written too many programs using switch statments, but when I have, the programs have seemed to run smoothly. Maybe I'll see why programmers don't like to use switch statements in later programming experiences. For now, let's explore the ins and outs of a switch statement. 

Switch statments offer an alternative to an "else if" structure which has multiple possible paths based on the value of a single expression. A revised form for a switch statement is as follows: 

   switch ( int expression ) 
   { 
           case label - 1 : 
                   stmt-list-1; 
                   break; 
           case label - 2 : 
                   stmt-list-2; 
                   break; 
           case label - 3 : 
                   stmt-list-3; 
                   break; 
           . 
           . 
           . 
           case label - n : 
                   stmt-list-n; 
                   break; 
           default : 
                   stmt-list; 
   } 

During execution, the expression is evaluated. If the value of the expression matches label - 1, then stmt-list-1 (and perhaps all lists below) will be executed. If not, execution will move on to check label - 2 and so on. If no labels match the expression, default will be executed. Inside each case and at the end of every statement list (except default) there must be a break statement, which terminates the innermost enclosing switch or loop statement (not recommended with loops ). 

Here are some final notes about switch statements: the expression being tested must result in an integral value (int or single char), case labels must be integral constants (either literals or named constants), each label within a switch should be unique, and each stmt-list may contain 0 or more stmts which do not need to enclosed with curly braces { }. 

Example: 
Suppose a variable named score is an int variable that contains the number of points scored on a football play. Consider the following code: 

   switch ( score ) 
   { 
           case 1 : cout << "Extra Point" << endl; 
                   break; 
           case 2 : cout << "Safety of two point conversion" << endl; 
                   break; 
           case 3 : cout << "Field Goal" << endl; 
                   break; 
           case 6 : cout << "Touchdown" << endl; 
                   break; 
           default : cout << "Invalid score on a football play." << endl; 
   } 


With selection statements out of the way, it's time to talk about iteration (or looping) in a program. This, of course, involves using loop statements. Read on to explore the world of looping... 

While Loops 

A loop is a statement of code that does something over and over again until the logical expression of the loop evaluates to false. It is simply a way of repeating code over and over again until some particular value is reached. It can also be an effective way of making sure the user is inputting the correct type of input (data validation). 
A loop is different from an if statement in that if the logical expression is true, the stmt will be executed and control will go back to check the logical expression again, ..., and again, until eventually the logical expression becomes false. 
One thing to avoid is writing code that produces an infinite loop, which is a loop that never stops until you press ctrl-break on your keyboard. In order to avoid infinite loops, you need a statement(s) inside the body of the loop that changes some part of the logical expression. We will talk about three types of loops: while, do while, and for. 
The form of a while loop is as follows: 

while ( logical expression ) 
           stmt; 

Example 1: 

   int x = 7; 
   while ( x > 0 ) 
   { 
           cout << x << endl; 
           x--; 
   } 

Example 2 using data validation: 

Suppose the user of a program is to input an integer in the range -10 to 10 (inclusive). Using data validation, write a section of code to input this value: 


   int k; 
   k = -99; 
   while ( k < -10 || k > 10 ) 
   { 
           cout << "Enter an integer value (between -10 and 10): "; 
           cin >> k; 
   } 

Example 3: 

Write a section of code that will display all multiples of 5 that are less than 500. 

   int x = 5; 
   while ( x < 500 ) 
   { 
           cout << x << endl; 
           x = x + 5; 
   } 

That wraps up all I have to say about while loops so let's move on to the next loop of interest. Read on for more about do while loops... 

Do While Loops 
A do while loop is another type of repetition statement. It is exactly the same as the while loop except it does something and then evaluates the logical expression of the loop to determine what happens next. Normally with a while loop, a part of the logical expression in the loop must be initialized before execution of the loop. A do while loop lets something be performed and then checks the logical expression of the loop. I like to use a do while loop when using data validation during a program. The form of a do while loop is as follows: 

   do 
           stmt(s); 
   while ( logical expression ); 

The stmt in the loop may be single or complex. Complex statements must be enclosed with curly braces { }. Let's look at a couple of examples of do while loops. 
Example 1: 
   int number; 
   do 
   { 
           cout << "Enter a postive number greater than 0: "; 
           cin >> number; 
   } 
   while ( number <= 0 || int(number) != number ); 
Example 2: 
   int number; 
   do 
   { 
           cout << "Enter a number between 0 and 100: "; 
           cin >> number; 
   } 

   while ( number <= 0 || number >= 100 ); 


Having discussed while and do while loops, there is one more loop I would like to cover: for loops. Read on for more about for loops... 

For Loops 
A for loop is another way to perform something that needs to be repeated in C++ (repetition). Most programmers like to use for loops because the code can be written in a more compact manner compared to the same loop written with a while or do while loop. A for loop is also important to understand because they are used when dealing with arrays and other topics in C++ [for info on arrays see One-Dimensional Arrays (section 8) and Two-Dimensional Arrays (section 8)]. A for loop is generally used when you know exactly how many times a section of code needs to be repeated. The general form of a for loop is as follows: 

for ( expression1; expression2; expression3 ) 
           stmt(s); 
where stmt(s) is a single or compound statment. Expression1 is used to initialize the loop; expression2 is used to determine whether or not the loop will continue; expression3 is evaluated at the end of each iteration or cycle. 

NOTE 1: expression2 is tested before the stmt and expression3 are executed; it is possible that the body of the loop is never executed or tested. 

NOTE 2: Any or all of the 3 expressions in a for loop can be omitted, but the 2 semi-colons must remain. If expression1 is omitted, there is no initialization done in the loop, but you might not need any initialization for your program. If expression2 is omitted, there is no test section so you will essentially have an infinite loop. If expression3 is omitted, there is no update as part of the for statement, but the update could be done as part of the statement in the body of the loop. 

In general, a for loop can be written as an equivalent while loop and vice versa. 
   for ( expression1; expression2; expression3 ) 
           stmt; 

is equivalent to... 

   expression1; 
   while ( expression2 ) 
   { 
           stmt(s); 
           expression3; 
   } 

Example 1: 
Write a for loop that will display all odd integers between 1 and 51: 

   for ( int k = 1; k <= 51; k += 2 ) 
           cout << k << endl; 

Example 2: 
Write a for loop that will display a "countdown" of integers from 20 to 1: 
   for ( int k = 20; k >= 1; k-- ) 
           cout << k << endl; 
Structures 

Before discussing classes, this portion will be an introduction to data structures similar to classes. Structures are a way of storing many different variables of different types under the same name. This makes it a more modular program, which is easier to modify because its design makes things more compact. It is also useful for databases.

The format for declaring a structure (in C++, it is different in C) is 

struct NAME

{

  VARIABLES;

};

Where NAME is the name of the entire type of structure.  To actually create a single structure the syntax is NAME name_of_single_structure; To access a variable of the structure it goes name_of_single_structure.name_of_variable;

For example:

struct example

{

  int x;

};

example an_example;    
//Treating it like a normal variable type

an_example.x=33;     
//How to access it

Here is an example program: 

struct database

{

  int id_number;

  int age;

  float salary;

};

int main()

{

  database employee;  
//There is now an employee variable that has modifiable 




//variables inside it.

  employee.age=22;

  employee.id_number=1;

  employee.salary=12000.21;

  return 0;

}
The struct database declares that database has three variables in it, age, id_number, and salary.


You can use database like a variable type like int. You can create an employee with the database type as I did above. Then, to modify it you call everything with the 'employee.' in front of it. You can also return structures from functions by defining their return type as a structure type. Example:
struct database fn();
I suppose I should explain unions a little bit. They are like structures except that all the variables share the same memory. When a union is declared the compiler allocates enough memory for the largest data-type in the union. Its like a giant storage chest where you can store one large item, or a bunch of small items, but never the both at the same time.
The '.' operator is used to access different variables inside a union also. 
As a final note, if you wish to have a pointer to a structure, to actually access the information stored inside the structure that is pointed to, you use the -> operator in place of the . operator.

A quick example: 

#include <iostream.h>

struct xampl

{

  int x;

};

int main()

{  

  xampl structure;

  xampl *ptr;

  structure.x=12;

  ptr=&structure; 

//Yes, you need the & when dealing with structures


     

//and using pointers to them

  cout<<ptr->x;  

//The -> acts somewhat like the * when used with pointers




//It says, get whatever is at that memory address




//Not "get what that memory address is"

  return 0;

}

Array basics

Arrays are useful critters because they can be used in many ways. For example, a tic-tac-toe board can be held in an array. Arrays are essentially a way to store many values under the same name. You can make an array out of any data-type including structures and classes. 

Think about arrays like this:

[][][][][][] 

Each of the bracket pairs is a slot(element) in the array, and you can put information into each one of them. It is almost like having a group of variables side by side. 
Lets look at the syntax for declaring an array.

int examplearray[100]; 
//This declares an array

This would make an integer array with 100 slots, or places to store values(also called elements). To access a specific part element of the array, you merely put the array name and, in brackets, an index number. This corresponds to a specific element of the array. The one trick is that the first index number, and thus the first element, is zero, and the last is the number of elements minus one. 0-99 in a 100 element array, for example.
char astring[100]; 
will allow you to declare a char array of 100 elements, or slots. Then you can receive input into it it from the user, and if the user types in a long string, it will go in the array. The neat thing is that it is very easy to work with strings in this way, and there is even a header file called string.h. There is another lesson on the uses of string.h, so its not necessary to discuss here. 
The most useful aspect of arrays is multidimensional arrays. 
[][][][][]
[][][][][]
[][][][][]
[][][][][]
[][][][][]

This is a graphic of what a two-dimensional array looks like when I visualize it.
For example:
int  twodimensionalarray[8][8];
Declares an array that has two dimensions. Think of it as a chessboard. You can easily use this to store information about some kind of game or to write something like tic-tac-toe. To access it, all you need are two variables, one that goes in the first slot and one that goes in the second slot. You can even make a three dimensional array, though you probably won't need to. In fact, you could make a four-hundred dimensional array. It would be confusing to visualize, however. 

Arrays are treated like any other variable in most ways. You can modify one value in it by 
putting:

arrayname[arrayindexnumber]=whatever; 
//or, for two dimensional arrays

arrayname[arrayindexnumber1][arrayindexnumber2]=whatever;

However, you should never attempt to write data past the last element of the array, such as when you have a 10 element array, and you try to write to the 11 element. The memory for the array that was allocated for it will only be ten locations in memory, but the twelfth could be anything, which could crash your computer.
#include <iostream.h>

int main()

{

  int x, y, anarray[8][8];
//declares an array like a chessboard

  for(x=0; x<8; x++)

  {

    for(y=0; y<8; y++)

    {

      anarray[x][y]=0;
//sets the element to zero; after the loop all elements == 0

    }

  }

  for(x=0; x<8;x++)

  {

    for(y=0; y<8; y++)

    {

       cout<<"anarray["<<x<<"]["<<y<<"]="<<anarray[x][y]<<" ";
//you'll see

    } 

  }

 return 0;

}

Here you see that the loops work well because they increment the variable for you, and you only need to increment by one. Its the easiest loop to read, and you access the entire array.

One thing that arrays don't require that other variables do, is a reference operator when
you want to have a pointer to the string. For example:
char *ptr;
char str[40];
ptr=str; 

//gives the memory address without a reference operator(&)



//As opposed to 

int *ptr;
int num;
ptr=&num;

//Requires & to give the memory address to the ptr

Strings

In C++ strings are really arrays, but there are some different functions that are used for strings, like adding to strings, finding the length of strings, and also of checking to see if strings match. 

The definition of a string would be anything that contains more than one character strung together. For example, "This" is a string. However, single characters will not be strings, though they can be used as strings.
Strings are arrays of chars. Static strings are words surrounded by double quotation marks.

"This is a static string"

To declare a string of 50 letters, you would want to say:

char string[50];

This would declare a string with a length of 50 characters. Do not forget that arrays begin at zero, not 1 for the index number. In addition, a string ends with a null character, literally a '\0' character. However, just remember that there will be an extra character on the end on a string. It is like a period at the end of a sentence, it is not counted as a letter, but it still takes up a space. Technically, in a fifty char array you could only hold 49 letters and one null character(\0) at the end to terminate the string.

TAKE NOTE: char *arry; 
Can also be used as a string. If you have read the tutorial on pointers, you can do something such as:
arry = new char[256];

which allows you to access arry just as if it were an array. Keep in mind that to use delete you must put [] between delete and arry to tell it to free all 256 bytes of memory allocated.

For example,
delete [] arry.

Strings are useful for holding all types of long input. If you want the user to input his or her name, you must use a string. 
Using cin>> to input a string works, but it will terminate the string after it reads the first space. The best way to handle this situation is to use the function cin.getline. Technically cin is a class, and you are calling one of its member functions. The most important thing is to understand how to use the function however. 

The prototype for that function is:  cin.getline(char *buffer, int length, char terminal_char);

The char *buffer is a pointer to the first element of the character array, so that it can actually be used to access the array. The int length is simply how long the string to be input can be at its maximum (how big the array is). The char terminal_char means that the string will terminate if the user inputs whatever that character is. Keep in mind that it will discard whatever the terminal character is. 

It is possible to make a function call of cin.getline(arry, '\n'); without the length, or vice versa, cin.getline(arry, 50); without the terminal character. Note that \n is the way of actually telling the compiler you mean a new line, i.e. someone hitting the enter key. 

For a example:

#include <iostream.h>

int main()

{ char string[256];   //A nice long string

  cout<<"Please enter a long string: ";

  cin.getline(string, 256, '\n'); //The user input goes into string

  cout<<"Your long string was:"<<endl<<string;

  return 0;  }

Remember that you are actually passing the address of the array when you pass string because arrays do not require a reference operator (&) to be used to pass their address. 

Here is a small program using many of the string functions:

#include <iostream.h>   
//For cout

#include <string.h>     
//For many of the string functions

int main()

{ char name[50];            
//Declare variables

  char lastname[50];        
//This could have been declared on the last line...

  cout<<"Please enter your name: ";   
//Tell the user what to do

  cin.getline(name, 50, '\n');       
//Use gets to input strings with spaces or 





//just to get strings after the user presses enter

  if(!strcmpi("Alexander", name))  
//The ! means not, strcmpi returns 0 for

  {                                

//equal strings

    cout<<"That's my name too."<<endl; 
//Tell the user if its my name

  }

  else                              


//else is used to keep it from always 

  {




//outputting this line

     cout<<"That's not my name.";
 

  } 

  cout<<"What is your name in uppercase..."<<endl; 

  strupr(name);                   

//strupr converts the string to uppercase

  cout<<name<<endl;               

  cout<<"And, your name in lowercase..."<<endl;

  strlwr(name);                    

//strlwr converts the string to lowercase

  cout<<name<<endl;

  cout<<"Your name is "<<strlen(name)<<" letters long"<<endl;  //strlen - length of the string

  cout<<"Enter your last name:";

  cin.getline(lastname, 50, '\n'); 
//lastname is also a string

  strcat(name, " ");


//We want to space the two names apart

  strcat(name, lastname);     

//Now we put them together, we a space in the middle

  cout<<"Your full name is "<<name; 
//Outputting it all...

  return 0;

}

Classes
Objected Oriented Modelling is a new way of visualising problems using models organised around the real world concepts.  Objects are the result of programming methodology rather than a language.  

[image: image2]
Class grouping data and functions

Object Oriented Programming constructs modelled out of data types called classes.  A Class encloses both the data and functions that operate on the data, into a simple unit.  The variable and functions enclosed in a class are called data members and member functions respectively. 

Class Specifications


The syntax of a class specification is 
Syntax :

class  ClassName

{
   Private :

data member-list

   Public :


member functions
} [declarators];

[ class ] tag declarators;

The class specifies the type and scope of its members.   The keyword class indicates that the name which follows (ClassName) is an abstract datatype.  The body of a class is enclosed within the curly braces followed by a ; (semi coloumn) – the end of a class specification.   The variables declared inside a class are known as data members, and functions are known as member functions.  These members are usually grouped under two sections private and public, which define the visibility of members.

The private members are accessible only two their own class’s members.  On the other hand, public members are not only accessible to their own members, but also from out side the class.  The members in the beginning of the class without any access specifier are private by default.
Example : 

Class Account

{

private:


char name[20];
//data members

int accounttype;


int accountnumber;


float balance

public:

deposit();

//member functions

withdraw();


enquire();

};

Class Objects


A class specification only declares the structure of objects and it must be instantiated in order to make use of the services provided by it.  This process of creating objects (Variables) of the class is called class instantiation.  The syntax for defining objects of a class is 


class ClassName ObjectName;

The keyword class is optional.  For e.g.: 

            account savings_account;


account current_account;


account FD_account;

Create instances of the class account.

The following points on classes can be noted:

· A class is a template that unites data and operations.

· A class is an abstraction of the real world entities with similar properties.

· A class identifies a set of similar objects.

· Ideally, the class is an implementation of abstract data type.
Accessing Class members


Once an object of a class has been created, there must be a provision to access its members.  This is achieved by using the member access operator (.) Dot.  The syntax for accessing members (Data and Functions) of a class is 
a)  Accessing data member


ObjectName . DataMember
b)  Accessing member functions


ObjectName . MemberFunction(Actual Arguments);

Defining Member Functions


The data members of a class must be declared within the body of the class, where as the member functions of a class can be defined in any one of the following base

a) Inside the class specification

b) Outside the class specification

Member Functions Inside the class body

The syntax for specifying a  member function declaration is similar to a normal function definition except that it is enclosed within the body of a class.

Example

class Date

{



private :



int day;



int moth;



int year;


public :



void set(int dayin, int monthin, int yearin)  // declaration inside the class



{     
day=dayin;




month = monthin;




year = yearin;



}
};
Member Functions Outside the class body

Another method of defining a member function is to declare function prototypes within the body of a class and then define it outside the body of the class.  Since the function define outside class is done by using the scope resolution operator (::).  The general format of a function definition is 
class ClassName

{


RetrunType MemberFunction(Arguments);

};   // end of class
ReturnType ClassName :: MemberFunction(Arguments)

{


// Body of the function

}

Constructor

The constructor is a special member function whose main operation is to allocate the required resources such as memory and initialise the objects of its class.  A constructor is distinct from other member functions of the class and it has the same name as its class.  It is executed automatically when a class is instantiated (object is created).  It is generally used to initialise object member parameters and allocate the necessary resources to the object members.

The constructor has no return values specifications (not even void).  For instance for the class Bag, the constructor is Bag::Bag().

Syntax of constructor

class ClassName

{
// private members

public :


// public members

ClassName()    // constructor without parameters

{   // body of the constructor           };


};

A constructor has the following characteristics.
1. It has the same name as that of the class to which it belongs.

2. It is executed automatically whenever the class is instantiated.

3. It does not have any return type.

4. It is normally used to initialised the data members of the class.

5. It is also used to allocate resources such as memory to the dynamic data members of a class.

Parameterised Constructors


Constructors can be invoked with arguments just as in the case of functions.  The arguments list can be specified with braces similar to the arguments list in the function.  Constructors with arguments are called parameterised constructors.

#include <iostream.h>

#include <conio.h>

class Test

{
int a, b;


public :



Test  ( int x, int y);
// Constructor with two arguments



Void show();

};

Test::Test(int x, int y)

{


cout <<”\n You are in the constructor ….”;

a = x ; b = y ;

}

void  Test::show()

{


cout<<”\n The values of a = “<< a << “ and b = “<<b;

}

void main()

{


clrscr();


Test obj(5,9);


obj.show();


getch();

}

The output will be 

You are in the constructor …

The values of a = 5 and b = 9

Destructor


A class can have another special member function called the destructor, which is invoked when an object is destroyed.  This function complements the operations performed by any of the constructors, in the sense that it is invoked when an object ceases to exist.

Syntax of  destructor

class ClassName

{
// private members

public :


// public members

~ClassName()  
// destructor

{



//body of the destructor



}

};

Data Hiding

The data is hidden inside a class,  so that it can’t be access even by mistake by any functions outside class, which is a key feature OOP.  C++ imposes a restriction to access both the data and functions of a class.  All the data and functions defined in a class are private by default.  Normally, data members are declared as private and members functions are declared as public.  

The are mechanisms to access even private data using friends, pointer to members etc.. from outside the class.  

Private members

The private members of a class have strict access control.  Only the member functions of the same class can access these members. The private members of a class are in accessible outside the class, thus providing a mechanism for preventing accidental modifications of data members.

class person

{ 


private: 



//private members



int age;



int getage();

};

person p1;

a=p1.age;
// Can not access private data

p1.getage();
// Can not access private function

Protected Members

The access control of the protected members is similar to that of private members and as most significance in inheritance.

class person

{


protected:



// protected members 



int age;



int getage();

};

person p1;

a=p1.age;
// Can not access protected data member 

p1.getage();
// Can not access protected member function

Public Members


The members of a class which are to be visible (accessible) outside the class, should be declared in public section.  All data members and functions declared in the public section of the class can be accessed without any restriction from any where in the programe.

class person

{


public:



// public members 



int age;



int getage();

};

person p1;

a=p1.age;
// Can access public data member 

p1.getage();
// Can access public member function

Visibility of class members

	Access Specifier
	Accessible to

	
	Own class members
	Objects of a class

	Private
	Yes
	No

	Protected
	Yes
	No

	Public
	Yes
	Yes


Friend Functions and Friend Classes

One of the convenient and controversial feature of C++ is allowing non-member functions to access even the private members of a class using friend functions or friend classes.  It permits a function or all the functions of another class to access a different class’s private members.


The function declaration must be prefixed by the keyword friend where as the function definition must not.  The function could be defined any where in the programe similar to any normal c++ function.  The function that are declared with keyword friend are called friend functions.  A function can be a friend to multiple classes.  A friend function posses the following special characteristics.

· The scope of a friend function is not limited to the class in which it has been declared as friend.

· The friend function can’t be called using the object of their class.  It is not in the scope of the class. It can be invoked like a normal function without the use any object.

· Unlike class member functions, it can’t access the class members directly, however, it can use the object and the dot(.) operator with each member name to access both the private and public members.

· It can be either declared in the private path or the public path of a class without affecting its meaning.

Example:
#include <iostream.h>

#include <conio.h>

class two;
// advance declaration like function prototype;

class one

{


private:



int data1;


public:



void setdata(int init)



{





data1 = init;



}


friend int add_both(one a, two b);  
 // friend function

};

class two

{
private:



int data2;


public:



void setdata( int init)



{




data2 = init;



}


friend int add_both(one a, two b);
// friend function

};

// friend function of class one and two

int add_both(one a, two b)

{


return (a.data1+ b.data2);
// a.data1 and b.data2 are private

}

void main()

{


one a;


two b;


clrscr();


a.setdata(5);


b.setdata(10);


cout<<”\nSum of one and two : “<<add_both(a, b);


getch();

}

Inline Functions
Function calls involve branching to a specified address, and returning to the instruction following the function call. C++ provides an alternative to normal function calls in the form of inline functions. Inline functions are those whose function body is inserted in place of the function call statement during the compilation process. The significant feature of inline function is: there is no explicit function call and body is substituted at the point of inline function call, thereby the run-time overhead for function linkage mechanism is reduced. 

Pgm. To find square of a number using inline functions.
#include <iostream.h>

inline int sqr(int num)

{


return num*num;

}

void main()

{

float n;

cout <<”Enter a number:”;

cin>>n;

cout<<”Its Square=”<<sqr(n)<<endl;

cout<<”sqr(10)=”<<sqr(10);

}

Function Overloading
Function polymorphism, or function overloading is a concept that allows multiple functions to share the same name with different argument types. Assigning one or more function body to the same name is known as function overloading or function name overloading.

Pgm. to describe function overloading, multiple swap functions

Inheritance - An Overview

The ability to use the object-oriented programming is an important feature of C++. 
Introduced the idea of the class; if you have not read it and do not know the basic details of classes, you should read it before continuing this tutorial. This tutorial is n Inheritance is an important feature of classes; in fact, it is integral to the idea of object oriented programming. Inheritance allows you to create a hierarchy of classes, with various classes of more specific natures inheriting the general aspects of more generalized classes. In this way, it is possible to structure a program starting with abstract ideas that are then implemented by specific classes. For example, you might have a class Animal from which class dog and cat inherent the traits that are general to all animals; at the same time, each of those classes will have attributes specific to the animal dog or cat.

Inheritance offers many useful features to programmers. The ability, for example, of a variable of a more general class to function as any of the more specific classes which inherit from it, called polymorphism, is handy. For now, we will concentrate on the basic syntax of inheritance. Polymorphism will be covered in its own tutorial.

Any class can inherit from any other class, but it is not necessarily good practice to use inheritance (put it in the bank rather than go on a vacation). Inheritance should be used when you have a more general class of objects that describes a set of objects. The features of every element of that set (of every object that is also of the more general type) should be reflected in the more general class. This class is called the base class. base classes usually contain functions that all the classes inheriting from it, known as derived classes, will need. base classes should also have all the variables that every derived class would otherwise contain.

Let us look at an example of how to structure a program with several classes. Take a program used to simulate the interaction between types of organisms, trees, birds, bears, and other creatures coinhabiting a forest. There would likely be several base classes that would then have derived classes specific to individual animal types. In fact, if you know anything about biology, you might wish to structure your classes to take advantage of the biological classification from Kingdom to species, although it would probably be overly complex. Instead, you might have base classes for the animals and the plants. If you wanted to use more base classes (a class can be both a derived of one class and a base of another), you might have classes for flying animals and land animals, and perhaps trees and scrub. Then you would want classes for specific types of animals: pigeons and vultures, bears and lions, and specific types of plants: oak and pine, grass and flower. These are unlikely to live together in the same area, but the idea is essentially there: more specific classes ought to inherit from less specific classes.

Classes, of course, share data. A derived class has access to most of the functions and variables of the base class. There are, however, ways to keep derivedren from accessing some attributes of its base class. The keywords public, protected, and private are used to control access to information within a class. It is important to remember that public, protected, and private control information both for specific instances of classes and for classes as general data types. Variables and functions designated public are both inheritable by derived classes and accessible to outside functions and code when they are elements of a specific instance of a class. Protected variables are not accessible by functions and code outside the class, but derived classes inherit these functions and variables as part of their own class. Private variables are neither accessible outside the class when it is a specific class nor are available to derived classes. Private variables are useful when you have variables that make sense in the context of large idea.

Lesson 20: Inheritance - Syntax

Before beginning this lesson, you should have an understanding of the idea of inheritance. If you do not, please read lesson 19. This lesson will consist of an overview of the syntax of inheritance, the use of the keywords public, private, and protected, and then an example program following to demonstrate each. The syntax to denote one class as inheriting from another is simple. It looks like the following: class Bear : public Animal, in place of simply the keyword class and then the class name. The ": public base_class_name" is the essential syntax of inheritance; the function of this syntax is that the class will contain all public and protected variables of the base class. Do not confuse the idea of a derived class having access to data members of a base class and specific instances of the derived class possessing data. The data members - variables and functions - possessed by the derived class are specific to the type of class, not to each individual object of that type. So, two different Bear objects, while having the same member variables and functions, may have different information stored in their variables; furthermore, if there is a class Animal with an object, say object BigAnimal, of that type, and not of a more specific type inherited from that class, those two bears will not have access to the data within BigAnimal. They will simply possess variables and functions with the same name and of the same type. A quick example of inheritance:

class Animal

{

  public:

  int legs;

  int arms;

  int age;

  Animal();

  ~Animal();

  void eat();

  void sleep();

  void drink();

};

//The class Animal contains information and functions

//related to all animals (at least, all animals this lesson uses)

class Cat : public Animal

{

  public:

  int fur_color;

  void Purr();

  void fish();

  void Mark_territory();

};

//For those of you familiar with cats

//eat of the above operations is unique

//to your friendly furry friends

//(or enemies, as the case may be)

A discussion of the keywords public, private, and protected is useful when discussing inheritance. The three keywords are used to control access to functions and variables stored within a class. 

public: 

The most open level of data hiding, anything that is public is available to all derived classes of a base class, and the public variables and data for each object of both the base and derived class is accessible by code outside the class. Functions marked public are generally those the class uses to give information to and take information from the outside world; they are typically the interface with the class. The rest of the class should be hidden from the user (This hidden nature and the highly focused nature of classes is known collectively as encapsulation). The syntax for public is: 

public:

Everything following is public until the end of the class or another data hiding keyword is used. 

protected:

Variables and functions marked protected are inherited by derived classes; however, these derived classes hide the data from code outside of any instance of the object. Keep in mind, even if you have another object of the same type as your first object, the second object cannot access a protected variable in the first object. Instead, the second object will have its own variable with the same name - but not necessarily the same data. Protected is a useful level of protection for important aspects to a class that must be passed on without allowing it to be accessed. The syntax is the same as that of public. specifically, 

 protected: 

private:

Private is the highest level of data-hiding. Not only are the functions and variables marked private not accessible by code outside the specific object in which that data appears, but private variables and functions are not inherited. The level of data protection afforded by protected is generally more flexible than that of the private level. Of course, there is a certain joy in protecting your data with the keyword private. The syntax remains the same. 

private: 
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