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Typographical Conventions

italics
Emphasized words or phrases.



underline
Emphasized key words or concepts.



Bold
Titles and main concepts.


BOLD

Denotes important concepts or 

conventions that must be followed

for specific task or function to be 

implemented correctly.








Page contains information that may come back to haunt you on a future quiz or exam.



%
C shell prompt.  Information following this prompt should be 

typed as the command line by the user . 




Components of a Computer



•
Input Devices

•
Output Devices

•
Storage Devices (Secondary Memory)

•
Memory

•
Central Processing Unit (CPU)

Input Devices


•
Input devices are used to send information 
from the user to the computer

•
Mouse detects movements in a GUI (graphical


user interface) system, and clicking of mouse


buttons signals selections or events



•
Keyboard allows entry of data into the computer 



•
Other input devices include scanners, modems,


and voice input devices

Output Devices 

•
Output devices are used to send information 
from the computer to the user

•
Monitors act as a visual, non-permanent source


of information or messaging



•
Printers provide a hard copy of information 
stored in the computer


•
Other output devices include modems and 
speakers

Memory 

•
Memory stores information of all types: 
instructions, 
numbers, names, lists, graphics, 
etc.

•
Computer memory is an ordered sequence


of storage locations called memory cells.

•
Each memory cell has a unique address 


associated with it, which indicates the 


cell’s relative position in memory.

•
The information stored in a memory cell


is called its contents. 

•
Whenever new information is written into


a memory cell the old information is 


destroyed.
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Storage Devices 

• 
Secondary memory is used to store large 
quantities of information in a semi-permanent 
form since computers only have a limited 


amount of main memory
•
Floppy disks are inexpensive and can be 


removed from the computer (many different


disks can be used)



•
Hard disks can store much more data and can


operate much more quickly, but are much more


expensive



Central Processing Unit (CPU) 

•
The CPU performs the actual processing or 
manipulation of information stored in memory 
and retrieves and stores information to and 
from memory.

•
The control unit in the CPU coordinates all 
activities of the computer by determining which 
operations to perform and in which order to 
perform them.

•
The arithmetic-logic unit (ALU) in the CPU has 
the capability to do addition, subtraction, 
multiplication, division, modulus, and logical 
comparisons.

•
Storage locations located within the CPU are 


called registers and are much faster to access


than traditional memory, though there are 
usually only 32 (machine dependent).


How do I communicate with 

the computer???



•
All input and output in a program is 


implemented using the standard input stream 
(named cin) and the standard output stream 
(named cout).

•
A stream is defined as a sequence of characters.

Streams 

•
The standard input stream is a series of 
characters (or other forms of information) 
moving from the user, through an input device, 
and onto the input stream, where it is delivered 
to the CPU.

•
Similarly, the standard output stream is a series 
of characters or other information moving from 
the CPU, through an output device and onto 
the output stream, where it is delivered to the 
user.


What is a program? 

•
Computers must be supplied with a list of 


instructions in order to perform a task.  

•
A program is a collection of functions.

•
A function is a series of statements.

•
A statement is a set of instructions for the


computer.  These are written with a specific 
syntax that the computer can understand


and translate into actions.   

Mechanics of Creating a Program

•
Use a text editor to write the program and save 
it into a file.  This is the source code. 

•
Compile your source code by typing the 


following at the prompt (substituting the name


of the file containing your source code for


filename)



% CC filename.c -o filename.x


This tells the computer to using the C++ 


compiler, named CC, to compile filename.c


and save the executable file that is created


into a file called filename.x

•
Run your program by typing the executable


file name at the prompt:



% filename.x

Problem Solving Strategy

1.
Read the problem statement carefully.

2.
Extract the essential information from the


problem statement.

3.
Carefully analyze the statement in order


to identify what is given (problem input)


and what is required (problem output).

4.
Determine where there are any constraints


or simplifying assumptions that can be applied 


to facilitate the problem solution (realistic


assumptions).

How would you solve the following problems?

1.
Write a program to read in the weight (in pounds) of an


object and compute and print the weight in kilograms 


and grams.  (Hint: One pound is equal to 0.453592 
kilograms).

2.
Write a program that will read in the initial cost of an


item, calculate the sales tax, and print out the tax and


total cost of the item.  Assume that the sales tax is


currently 5.897%.

3.
Read in a student’s five test grades for the semester and 


find their average grade.

4.
Write a program to read in two data items and print


out their sum, difference, product, and quotient.

Software Development Stages 

1.
Problem Analysis:  Gain a clearer understanding of 
what the problem is asking.  Eliminate unnecessary 
information and define what will be the program’s input 
and output. Define any formulas, requirements, or 
constraints.

2.
Program Design:  Break down the program into smaller


subproblems.  This will make each task smaller and 
easier to manage.  Flow charts (a chart that shows the 
program flow) are used in this stage to help break down 
the problem.  Once enough design detail has been 
added, develop a list of steps called an algorithm to 
solve each subproblem, and verify that the algorithm 
solves the problem as intended.

3.
Program Implementation:  Implement the algorithm as 
a program.  Knowledge of a particular programming 
language is required because each algorithm step must 
be converted into statements in that language.

Structure of a C++ Program
1 (

//Gina M. Weber



//June 1, 1998



//



//This program will convert a temperature from Fahrenheit



//to Celsius using the formula:  Celsius = (5/9)*(Fahrenheit - 32)

2 (

#include <iostream.h>

3 (

const float dividend = 5;


//conversion factor



const float divisor = 9;


//conversion factor



const int difference = 32;


//conversion factor

4 (

int Fahrenheit;



//entered temperature



float Celsius;




//converted temperature

5 (

void main(void)

6 (

{

7 (


cout << “Fahrenheit to Celsius Conversion \n\n”;




cout <<“Please enter the Fahrenheit temperature:\n”;

8 (


cin >> Fahrenheit;

9 (


Celsius = (dividend/divisor)*(Fahrenheit-difference);




cout << Fahrenheit << “ degrees Fahrenheit is equal to “




         << Celsius << “ degrees Celsius.\n\n”;

10 (

return;



}

1 ( Program Comments 

•
Provides supplementary information to the 
person reading the program (Data Dictionary).

•
Comments are ignored by the C++ compiler 
and are not translated into machine language.

•
Comments may take the entire line or may be 


at the end of a line.  Everything on the line after


the // is ignored by the compiler.

•
C comments are also valid:  /* Comment */

Valid Comments

// Converts pounds to kilograms

const float pi = 3.1415926;  //value of pi

//************End of Main Function ***********//

Invalid Comments

// Current sales tax rate
const float tax = .05783;

int x, //child’s height
y; //parent’s height

2 ( Compiler Directive #include 

•
header files are used to supply additional 


information needed by the compiler in order


to compile your source code.

•
appropriate header files must be included or


the program will not compile.

•
Syntax:

#include <filename>





                 or





#include “filename”


Example:
#include <iostream.h>

Common Header Files
iostream.h:
 used for input and output 


math.h:

 used for mathematical functions such




 as sin, cos, sqrt, etc.

fstream.h:
 used for file input and output

ctype.h:

 used to determine character types

Data Types 

• 
A data type is a set of values and a set of 
operations on those values.  A basic data type in 
C++ is a data type that has been pre-defined 
(not user defined).  

1.
The int data type is used to represent 



integers 
(whole numbers).  


2.
The float data type is used to represent 



values that have a decimal point or a 



fractional part. 


3.
The char data type is used to store any 



single character value.


4.
You can create your own data types using



enumerated types.  The keyword for this is 


enum.    

Data Type Specifications

•
Because of the finite size of a memory cell not 
all integers can be represented.  The common 
range is -215 (-32768) to 215 (32768).  This is 

machine dependent. 

•
A type float constant may include a scale factor,


the letter e (or E) followed by an optional sign 
and an integer.




example:

0.342e5


A scale factor is interpreted to mean multiply


the number before the letter e by 10 raised to 


the power of the number after the letter e.  




example:

0.342e5 = 34200

•
A char constant must be enclosed in single 
quotes (e.g. ‘A’).  However, you don’t use quotes


when you type in character data at the 
keyboard, you only type in the single quotes in 
your source code when declaring the constants.  

example:

char choice = ‘Y’;

3 ( Constant Declarations 

•
Syntax:  
const type constant-identifier = value;


Example:  
const float pi = 3.1415926;

•
The specified value is associated with the 


constant-identifier and cannot be changed


throughout the lifetime of the program.

•
Constant declarations must end with a 


semicolon.

•
As many different constants as you need can


be listed and used.  

4 ( Variable Declarations 

•
Syntax:  
type identifier-name = value;


Example:  
float num = 0.19257;





int days_worked;





char choice;





int x, y, z;

•
One or more bytes of computer memory are


allocated for each identifier.  

•
The memory cell that is allocated for each 


identifier references the variable type, variable


name, and stores a value in memory if specified.

•
More than one list of variables can be declared,


but each list needs to be terminated by a 
semicolon.

•
Multiple variables on one line must be 
separated by commas and terminated by a 
semicolon.
Constant and Variable Names

•
All identifiers must begin with a letter

•
There are no length restrictions (which can be


a problem when transferring to another 


platform such as DOS)

•
The only valid characters that can be in an


identifier name are letters, digits, and 
underscores.

•
Certain words in C++ are reserved and cannot 


be used as an identifier name:


asm


auto

bool

break

case


catch


char

class

const

const_cast


continue

default
delete

do

double


dynamic_cast
else

enum

extern

false


float


for

friend

goto

if


inline


int

long

mutable
namespace


new


operator
private
protected
public


register

reinterpret
return
short

signed


sizeof


static

static_cast
struct

switch


template

this

throw

true

try


typedef

typeid

union

unsigned
virtual


void


volatile
wchar_t
while

Memory Allocation States 

•
When the compiler reads either a constant


declaration statement, a variable declaration


statement, or an assignment statement it 


assigns the information to a memory cell.


For example, when the compiler reads in the 


following lines in your source code:



const float days = 7.0;



int x, y;



char initial = ‘i’;



x = 19;


It assigns four separate memory cells with that 


information.  Each memory cell has the name, 
assigned value, and data type associated with it.



 float

          int
                 int                        char 

   7.0


19



i




 days         
           x

      y

         initial

 

•
Memory is not necessarily assigned in a 


contiguous fashion and for general 
programming it is not important that we know 
where any given memory cell is assigned or 
what its address is.  

5 ( Functions 

•
All programs are required to be composed of


functions.  A function contains a collection


of related statements the work for a common


purpose and all are associated with one


function name. 

•
Each program is required to have a function 
called main followed by a set of parenthesis.   
This is case-sensitive so Main() and 


MAIN() will not work.

•
Functions must be enclosed in braces { }

•
Anything within the {...} is called the function 
body.

6 ( Curly Braces { } 

•
In C++, curly braces are used to denote a block

of code.   

•
A block is sometimes referred to as a compound 


statement  and is comprised of related 
statements.

•
Common code blocks are functions, if-else 
control statements, and loops.

7 ( Output Statements 

•
Syntax:

cout << statement;

Example:
cout << “Hello, World!”;

•
cout is used to output strings (a sequence of


characters that is terminated), variables,


and constants.   The output operator is <<.

•
cout is case-sensitive (COUT or Cout will



not work).

•
Each individual string, variable, or constant


in an output statement must be preceded 


by an output operator.

•
A string must by surrounded by double quotes.

•
To output the value of a variable or a constant 
(what is stored currently in memory) type the 
output operator and the variable name:


example:

cout << x;





cout << “Your height is “ << height;
Special Character Output 

•
There are special control characters to output


new lines, tabs, alarm bells, backspaces, etc.


Each is a character preceded by a backslash \.



\n
newline



\t
tab



\a
alarm bell



\b
backspace



\0
null character

•
Special characters must be inside double


quotes.

•
You can also indicate a new line by typing endl

after an output operator.



example: 

cout << “Hello, World!\n”;






cout << “Hello, World!” << endl;

8 ( Input Statements 
 
•
Syntax:

cin >> variable_name;


Example:
cin >> height;

•
cin is used in input data typed at the keyboard


into a specific memory cell (indicated by the 


variable name).  The input operator is >>.

•
cin is case-sensitive so CIN and Cin will not


work.

•
The program must read in one data item 


per variable specified in the cin statement.


example:




cout << “Please enter your height and weight:”;


cin >> height >> weight;


...or...


cout << “Please enter your height and weight:”;


cin >> height;


cin >> weight;

•
All variables must be declared before cin can


be used to store a value in their memory cell.




9 ( Assignment Statements 

•
Must be in the form Result = Expression;



valid example:

x = y + 4;



invalid example:
y + 5 = x;

•
Valid arithmetic operators:



+
addition



-
subtraction



*
multiplication



/
division



%
modulus


NOTE:
math.h is not needed for these 
operations.  It is only needed for mathematical 
operations that the ALU cannot perform.

•
Computer assigns everything to the right of


the = into the variable name that is on the 


left side of the =.
10 ( Return Statements 

•
Syntax:

return;





...or...





return(0);

•
Used to tell the computer that we are finished 


with the current function and to indicate what


information needs to be returned to the parent


function.

•
If no additional functions are written there will


be no information to return and the above 
syntax should be used. 


NOTE:  Syntax is machine dependent.

Subproblems and 

Independent Modules

•
The approach to algorithm development 
followed in the design stage is called top-down 
design.  This involves starting with the most 
abstract formulation of a problem and working 
down to more detailed subproblems. 

•
Functions allow us to break down the 
programming problem and solve it using 
smaller steps.

•
By attempting to divide a problem into 
subproblems and solve each subproblem 
independently of the others, we often introduce 
a new subproblem at a lower level.

•
Use a structure chart to help you keep track of 
the relationships among subproblems.

Procedural Abstraction

Procedural abstraction allows us to write our programs using logically independent section in the same way that we develop the solution by:


1.
Associated meaningful variable names with



more complicated algorithm steps.


2.
Referencing the steps by name.


3.
Deferring their implementation until later.

Use of these logically independent program sections enables us to hide the details of subproblem implementations from one another (information hiding).

Function Prototypes 

Syntax:
 
type function_name();

Example:
void skip_three();     //Skips three lines

•
A function prototype provides all of the 
information that the C++ compiler needs to 
know to translate references to the function 
correctly.

•
Function prototypes are places after the header


files and before main() in a program.

•
A function prototype begins with a type 
specification (int, char, or float) associated with 
the function.  This is the type of data that will be 
returned through the function name.

•
If no type is associated with the function name 


the type void is used.

•
The identifier function_name() can be anything


provided it complies with the rules for variable


names (see pg. 24).

Function Call 

Syntax:

function_name();

Example:
draw_circle();

•
The function call initiates the execution of 
function function_name().


•
After function_name() has finished executing


the next statement in the parent function will


be executed.

Order of Execution of Functions

1.
Compiler translates a function call as a transfer


of control to the called function.

2.
Compiler executes all statements in called 
function until the return statement is reached.

3.
Control is transferred back to the calling 
function.



Types of Data 

Global Identifiers:  declared before any functions and can be referenced from any function.

Local Identifiers:  declared inside a function and can only be referenced in that function unless passed as a parameter. 

Types of Function Arguments

Reference:  Reference arguments can be altered and returned to the parent function.  These arguments actually change the value stored in memory.  This type of argument can effect the entire program.  (Sometimes called input-output arguments).

Value:  Value arguments are similar to making a copy of the argument from the parent function.  The argument only effects the function it was passed to.  (Sometimes called input arguments).

Function Definition 

(with arguments)

Syntax:  


type function_name(formal argument list)


{



local declarations;



executable statements;


}

Example:

//Computes the inverse of the sum of 


//two floating point values.


float inverse_sum(float x, float y)


{



return 1.0/(x+y);


}


//********End of inverse_sum*******//

Function Definition (continued) 

•
Unless the type is void, function function_name


returns a single result of the indicated type.  
This is accomplished through the use of the C++ 
return statement.  

•
If the type of the function is void the return 
statement must not have an expression part.

•
The syntax of the function prototype and the 
function call must be identical, including all of 
the arguments and the order in which they 
appear.

•
Multiple argument specifications are separated 
by commas.

Type Consistency 

Between Functions

•
The type of a value returned by a called 
function must be consistent with the type 
expected by the caller as indicated in the 
prototype of the called function.

•
The type of a value (actual argument) used as 
input to a called function must be consistent 
with the type expected by that function as 
indicated by the corresponding formal 
argument in the function prototype.



Predefined Functions and Reusability

C++ provides access to a large collection of previously written and tested functions and other program components, ready to be used and reused in your work.  These segments are called libraries in C++.  In order to use functions declared in these libraries you must #include them.

Example:
To use the sqrt function (square root


you must include:




#include <iostream.h>




#include <math.h>

NOTE: A list of C++ library facilities can be found in the Resources section of your notebook.

Common Programming Errors

•
Semicolons in a function header and prototype.

•
Inconsistencies in the number of formal and 
actual arguments.

•
Argument mismatches.

•
Function prototype and definition mismatches.

•
Return Statement Errors

•
Logic Errors.

Branching Statements

•
One of the keys in designing intelligent


programs is giving them the ability to make


decisions.

•
Conditional operators provide ways to make


choices.

•
Logical operators allow you to combine two or 
more tests into one.

Logical Expressions 

•
Relational:



<

less than




<=

less than or equal to




>

greater than




>=

greater than or equal to

•
Equality:



==

equal to




!=

not equal to

•
Logical:



&&

and




||

or




 !

not

Logical Values 

In C++ and Boolean algebra, expressions that are evaluated as true are given a non-zero value and those evaluated as false are given a zero value.

Evaluate the following expressions based on the sample conditions provided.  The first two have

been done for you.

Given:
U = 5

V = -20
W = 3

X = -10
Y = 27
Z = 12

Evaluate:

U <= V





0 (false)

(U + Z) ==(X + Y)




1 (true)

V < X


(U - W)/(X*U) >= Y

U != (Y - Z) + X

V > (U/X)
Operator Precedence

1.
(...)


expressions located in innermost parenthesis

2.
!,+,-


logical not, unary plus, unary minus

3.
*,/,%


multiplication, division, modulus

4.
+,-


addition, subtraction

5.
<,<=,>,>=

relational inequalities

6.
==, !=

equal, not equal

7.
&&


logical and

8.
||


logical or

9.
=


assignment

&& Operator 

•
All individual expressions must be true for the 


entire statement to be considered true.

EXPRESSION 1
EXPRESSION 2
EXPRESSION 1 && 2

TRUE
TRUE
TRUE

TRUE
FALSE
FALSE

FALSE
TRUE
FALSE

FALSE
FALSE
FALSE

|| Operator 

•
At least one of the individual expressions must 
be true for the entire statement to be 
considered true.

EXPRESSION 1
EXPRESSION 2
EXPRESSION 1 || 2

TRUE
TRUE
TRUE

TRUE
FALSE
TRUE

FALSE
TRUE
TRUE

FALSE
FALSE
FALSE

! Operator 

•
The ! operator changes the Boolean value of 


the operand.

EXPRESSION
! EXPRESSION

TRUE
FALSE

FALSE
TRUE

If Control Statement 

•
Syntax:

if (condition)





{






statements;





}


Example:
if (speed > 75)





{






cout << “Speeding!”;





}

•
Used to select from several alternatives or 
executable statements.

•
Always contains a logical expression.

•
If the condition evaluates to be true, then the


statement is executed.  Otherwise, it is skipped.

•
Can be used with or without an else statement.

If-Else Control Statement

•
Syntax:

if (condition)





{






statements;





}





else





{






statements;





}


Example:
if (speed > 75)





{






cout << “Speeding!”;





}





else





{






cout << “Not Speeding.”;





}

•
If the initial condition evaluates to be true then


the statement under the if is executed.  If the 


initial condition evaluates to be false then the 


statement under the else is executed.

Else-If Control Statement 

Syntax:


if (condition)





{






statements;





}





else if(condition2)





{






statements;





}





.





.





.





else





{






statements;





}

Example:




if (grade >= 90)





{






cout << “Grade = A”;





}





else if ((grade > 80)&&(grade <= 89))





{






cout << “Grade = B”;





}





else if ((grade > 70)&&(grade <=79))





{






cout << “Grade = C”;





}





else 





{






cout << “No Credit”;





}

Nested If-Control Structures 

Example:





if (x < 100)



{





if (y>10)




{





z = x*y;




}



}



else



{




if (y < 10)




{





z = x/y;




}








}

Equivalent Statement:



if ((x<100)&&(y>10))



{




z = x*y;



}



if ((x>100)&&(y<10))



{




z = x/y;



}

Validation Testing for 

a Range of Values

•
If-control statements can be used to validate 
data coming in from the user.  

•
Ranges need to be identified.

Example:


cout << “Please enter a test grade: “;


cin >> grade;


if (( grade < 0) || (grade > 100))


{



cout << “\nInvalid Test Score!\n”;



cout << “Please enter a test score between 0 and 100.\n”;



cin >> grade;


}

Case-Switch Statement 

#include <iostream.h>

void main(void)

{


int choice, x, y, z;


cout << “Please enter first number:\n”;


cin >> x;


cout << “Please enter second number:\n\n”;


cin >> y;


cout << “Please enter your choice:\n\n”;


cout << “1) addition\n”;


cout << “2) subtraction\n”;


cout << “3) multiplication\n”;


cout << “4) division\n”;


cin >> choice;


switch(choice)


{



case 1:

z = x + y;






break;



case 2:

z = x - y;






break;



case 3:

z = x * y;






break;



case 4:

z = x / y;






break;



default:

“Invalid Option!”;






break;



}


cout << endl <<  z << endl;

}

Common Programming Errors

•
Parentheses:  Defined precedence levels of C++ will


usually prevent you from making a syntax error, but


they may also allow you to do things that you don’t


intend.  When in doubt, use parentheses.

•
Operators:  You can only use the logical operators 


&&, || and ! with logical expressions.  Also, don’t 
forget the symbol for equality in C++ is ==.  Do not


confuse this with the assignment operator =.

•
Compound Statements:
Don’t forget to put braces


around compound statements in if-control statements.


If they are missing the compiler will consider only the


first statement as part of the task.

•
Nested ifs:  When writing nested if statements, try to 


select the conditions so the multiple-alternative form


can be used.  If the conditions are not mutually


exclusive the most restrictive condition should come


first.  

•
switch Statements: Guard your switch statement with 


a default label to avoid the switch statement falling


through with no action taken.

Input/Output Manipulators 

•
I/O manipulators helps you to exercise control over the 
appearance of an output line by setting the width of a 
column, the number of digits after the decimal place, 
and scientific vs. fixed output.

•
The header file iomanip.h must be #included when


using these manipulators and flags.

•
Four common manipulators are: endl, setiosflags,


setprecision, and setw.

setiosflags

(ios::a | ios::b | ios::c)

•
For setting and resetting values of C++ I/O flags

•
Flags remain set until explicitly reset

•
Flags to be set are specified in parentheses in the form:



ios::flagname

•
If more than one flag is listed, each is separated from the 


others by a composition operator (|)

Example:


cout << setiosflags (ios::showpoint | ios::fixed);

This example ensures that a decimal point is always displayed and that all values are displayed in fixed rather

than scientific notation.

setprecision(i) 

•
Used to specify the number of decimal places


(i) of accuracy to be used in the display of 


floating-point values.

•
i must be positive

•
Accuracy will remain in effect until it is explicitly


reset

Example:

cout << “Your total is $” << setprecision(2) << total;

This example ensures that a decimal point and two decimal places are always displayed even if one or both of the decimal places are zero.

setw (i) 

•
Used to specify the field width to be used for the 


next item printed.

•
i must be positive

•
Item appears right adjusted in the field.

•
The field width remains in effect only for the 


next data item to be displayed.

Example:
Given: (x1,y1) = (3, -12.6)  and (x2,y2) = (102.4,0)

cout << setiosflags (ios::showpoint | ios::fixed);

cout << setprecision (1);

cout << ‘(‘ << setw(7) << x1 << ‘,’ <<setw(7) << y1 << ‘)’ << endl;

cout << ‘(‘ << setw(7) << x2 << ‘,’ <<setw(7) << y2 << ‘)’ << endl;

These instructions would produce the output:

(         3.0,   -12.6)

(  -102.4,        0.0)

endl 

•
Indicates the beginning of a new line of output.

Example:  


cout << “Happy “ << endl << “Birthday!”<< endl;

Would produce the output:

Happy 

Birthday!

Flags

fixed:

Ensures floating-point output is in fixed format, 



not scientific notation.  (i.e. 12.345)

scientific:

Ensures that floating-point output is in scientific




notation.  (i.e. 1.602e24)

showpoint:

Ensures that decimal point and trailing zeros are




displayed. (i.e. 1.5000 or 3.000)

Repetitive Statements

•
C++ has iteration statements (sometimes called 


loops) that enable functions to repeat 
computations over and over until a test 
condition is satisfied.

•
The three types of loops are the while loop, the


for loop, and the do-while loop.

•
While loops are useful for repeating a given 


calculation for as long as a Boolean expression’s


value is not zero.

•
For loops are used if you want to repeat a 
calculation until a variable is counted down to 
zero or until a variable is counted up to some


number  

•
Do-while loops are used if you want the loop 
body to execute once before being tested.

        Repetition Using the  

While Statement

Syntax:

while (logical expression)




{





statements;




}

Example:
// Displays 10 asterisks




int n = 10;




int count_star = 0;




while (count_star < n)




{





cout << “*”;





count_star = count_star + 1;




}

•
The logical expression is tested.  If it is true, the 


statement is executed and the logical 
expression is retested.  

•
The statement is repeated as long (while) as the 


logical expression is true.

•
When the logical expression is tested and 
found to be false the loop is exited.  

•
If the logical expression evaluates to be false 


when it is tested the first time the statement


will not be executed.

 The Unary Operators 

Increment (++) and Decrement (--)

•
These operators may be applied to any single 


integer valued variable simply by writing the 


operator as a prefix or postfix to the variable.


The increment or decrement value is 1.

Example:
i++

++i
             i--

    --i

•
The first and third examples show the postfix


use of the operators.  When the postfix version


of these operators is used the increment or 
decrement takes place after the variable value 
was used in the statement.

•
The second and fourth examples show the 
prefix use of the operators.  When the prefix 
version of these operators is used the increment 
or decrement takes place before the variable 
value is used in the statement.

Accumulating a Sum or Product

The following example will sum all of the numbers between 1 and 100.  

int high = 100;

int sum = 0;

int count = 1;

while (count <= high)

{


sum = sum + count;


count++;

}

Shorthand Assignment Operators

Shorthand Notation

Equivalent Notation
balance += deposit;


balance = balance + deposit;

balance -= withdrawal;

balance = balance - withdrawal;

rabbits *= 4;



rabbits = rabbits * 4;

total /= (x + y) * z;


total = total / (x + y) * z;


hour %= 13;



hour = hour % 13;

Counted Loops 

•
A counter controlled loop (or counted loop) is 
controlled by a loop control variable (lcv) whose 
value represents a count.



set lcv to an appropriate initial value (usually 0).


while(lcv < final value)


{



perform loop processing.



increase lcv (usually by one).


}

•
Used when we can determine prior to loop 
execution exactly how many loop repetitions will 
be needed to solve a problem.

•
To avoid confusion the lcv should be 
incremented in the final line of the while 
statement.

Conditional Loops 

•
Conditional loops are used when we cannot 


determine the exact number of loop repetitions


before loop execution ends.  

•
The number of repetitions may depend on 
some aspect of the data that we will not know 
before the loop is entered.



while (balance is still positive)



{




read in the next transaction.




update and print balance.



}

•
The actual number of loop repetitions 
performed depends on the type of each 
transaction (deposit or withdrawal) and its 
amount.
Input Validation Using the

While Loop

void validate (int &data)

{


int upper = 1000;


int lower = 1;


while ((data > upper)||(data < lower))


{



cout << “Entry out of range!\n”;



cout << “Please enter a value between”




 << upper << “ and “ << lower << endl;



cin >> data;


}

}

Sentinel Controlled Loops 

Sentinel-controlled loops are used when you don’t know the number of data items a loop will process before it begins execution.  One way to overcome this is to have the user enter a unique data value (sentinel-value) as the last data item.

NOTE:  The sentinel-value should be carefully chosen as a value that cannot possibly occur as data.

#include <iostream.h>

#include <iomanip.h>

const int sentinel = -1;

int sum = 0;

int score;

int number = 0;

float average;

void main(void);

{


cout << “Please enter the scores one at a time as requested.\n”;


cout << “When done, enter “ << sentinel << “ to quit \n\n”;


cout << “Enter the first score: “;


cin >> score;


while (score != sentinel)


{



sum += score;



number++;



cout << “\nPlease enter the next score: “;



cin >> score;


}


cout << “Sum of exam scores: “ << sum;


cout << “\nNumber of exam scores: “ << number;


average = sum / number;


cout << setiosflags (ios::showpoint | ios::fixed);


cout << “\nAverage of exam scores: “ 


          << setprecision(2) << average;


return;

}

Loops Controlled by Flags 

Integer variables are often used as status flags controlling the 

execution of a loop.  The value of the flag is initialized (usually to 0 (false)) prior to loop entry and is redefined (usually to 1 (true)) when a particular event occurs inside the loop.  A flag-controlled loop executes until the anticipated event occurs and the flag value is changed.  

General Structural Pattern for a Flag-Controlled Loop
1.
Initialize flag to 0 (false)

2.
While flag is still 0


a.
Perform loop processing.


b.
Reset flag to 1 (true) if an event occurs.

The last step in the loop body updates the flag value, setting it to 1 after the first occurrence of the event. 
Unconditional Statements

The For Loop

Syntax:

for (set lcv to initial value; lcv < final value; update lcv to next value)

{


Perform loop processing;

}

Example:

int upper_limit = 100;

int num = 0;

int sum = 0;

while ( num <= upper_limit)

{


sum += num;


num++;

}

OR....

int upper_limit = 100;

int num = 0;

int sum = 0;

for (num = 0; num <= upper_limit; num++)

{


sum += num;

}

The For Loop (continued) 

•
The statements are executed for every value of 


the lcv, starting with the value indicated by the 
initial expression.

•
Before each repetition of the statement 
(including the first) the test condition is 
evaluated.  The loop only proceeds if this 
condition is true.

•
If the condition is false, execution control passes 


to the first statement following the loop exit.

•
After all statements are executed, the value


of the lcv is updated as specified in the update 


component, and the test expression is evaluated


once again.

       The Do-While Statement 

•
The do-while statement is used to specify a 
statement that is executed at least once.


Syntax:




do


{



statements;


}while(logical expression);


Expression:

do


{



cout << “Enter a digit: “;



cin >> digit;


}while((digit < ‘0’) || (‘9’ < digit));

•
After each execution of the statements the 
expression is evaluated.

•
If the expression is true the body of the loop


is repeated.

•
If the expression is false, loop exit occurs and 
the next program statement following the loop 
is executed.  
     Comparison of the Three 

Loop Forms

while:

Most commonly used when repetition is not 



counter-controlled; Condition test precedes 



each loop repetition; loop body may not be 



executed at all.

for:


Counting loop-when number of repetitions is 



known ahead of time and can be controlled 



by a counter; also convenient for loops 




involving non-counting loop control with 



simple initialization and update steps; 




condition test precedes the execution of the 



loop body.

do-while:

Convenient when at least one repetition of 



loop body must occur.

Arrays 

•
Arrays are a collection of variables having the 
same type.

•
Single name can be associated with the entire


collection of data.

•
Each individual element in the array is accessed


by its position in the array (subscript).

Array Type Declaration 

Arrays in C++ are specified using array declarations that specify the type, name, and size of the array.


float x[8] = {16.9, 12.0, 6.3, 8.0, 2.5, 12.0, -14.6, 1.309};

x[0]
x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]

16.9
12.0
6.3
8.0


2.5
12.0
-14. 6
1.309

first 

element
second 

element
third

element
fourth

element
fifth

element
sixth

element
seventh

element
eighth

element

Statements that manipulate elements of x[]

1.
cout << x[0];
Displays the value of x[0], or 16.0

2.
x[3] = 25.0;
Stores value 25.0 in x[3] (writes over old)

3.
sum = x[0] + x[1];
Stores the sum of the values stored in x[0]

and x[1], or 28.0, in the variable sum.

4.
x[3] += 1.0;
Adds 1.0 to x[3].  The new x[3] is 26.0.

5.
sum += x[2];
Adds x[2] to the sum.  The new sum is 34.0

6.


x[2] = x[0] + x[1];
Stores the sum of x[0] and x[1] in x[2]. The

new x[2] is 28.0.

initial array:
x[0]
x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]

16.0


12.0
6.0
8.0
2.5
12.0
14.0
-54.4

first 

element


second 

element
third

element
fourth

element
fifth

element
sixth

element
seventh

element
eighth

element

Array Manipulations

1.
Displays 16.0, the value of x[0].

2.
Writes 25.0 over the old value in x[3].

x[0]
x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]

16.0


12.0
6.0
25.0
2.5
12.0
14.0
-54.4

first 

element


second 

element
third

element
fourth

element
fifth

element
sixth

element
seventh

element
eighth

element

3.
Stores the value of x[0] + x[1] in the 
variable 
sum, 28.0.

4.
Adds 1 to the value stored in x[3].

x[0]
x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]

16.0


12.0
6.0
26.0
2.5
12.0
14.0
-54.4

first 

element


second 

element
third

element
fourth

element
fifth

element
sixth

element
seventh

element
eighth

element

5.
Adds the value in x[2] to the sum.  The new


sum = 34.0.

6.
Stores sum of x[0] and x[1] in x[2].

x[0]
x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]

16.0


12.0
28.0
8.0
2.5
12.0
14.0
-54.4

first 

element
second 

element
third

element
fourth

element
fifth

element
sixth

element
seventh

element
eighth

element

Array Declaration 

Syntax:

element-type array-name[dimension];

Example:
char my_name[5];

•
The identifier array-name describes a collection


of array elements, each of which may be used to 
store data values of type element-type.

•
The dimension, enclosed in brackets [ ], 
specifies the number of elements contained in 
the array.

•
The dimension value must be a constant 
expression (it must consist solely of constant 
values and constant identifiers).  The value


must be an integer and be greater than or 


equal to one.

•
There is one array element for each value 
between 0 and the value dimension -1.  


•
All elements of the array will be of element-type


and must be the same type.

Array Reference 

Syntax:

name[subscript]

Example:
x[3*i+2]

•
The subscript must be an expression with an 
integral value.

•
If the subscript is out of bounds memory errors


will occur.

Array Referencing

float x[8] = {16.0, 12.0, 6.0, 8.0, 2.5, 12.0, 14.0, -54.5};

int i = 5;

x[0]
x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]

16.0


12.0
6.0
8.0
2.5
12.0
14.0
-54.4

first 

element


second 

element
third

element
fourth

element
fifth

element
sixth

element
seventh

element
eighth

element

cout << 3 << ‘ ‘ << x[3];

Displays 3 and 8.0 

cout << i << ‘ ‘ << x[i];

Displays 5 and 12.0

cout << x[i] + 1;


Displays 13.0

cout << x[i] + i;



Displays 17.0

cout << x[i+1];



Displays 14.0

cout << x[2*i];



Value in x[10] is undefined

cout << x[2*i-3];


Displays -54.4

cout << x[floor(x[4])];

Displays 6.0 (value of x[2])

x[i] = x[i+1];



Assigns 14.0 (x[6]) to x[5]

x[i-1]=x[i];



Assigns 14.0 (x[5]) to x[4]

x[i] - 1 = x[i-1];



Illegal Assignment Statement
Using the for loop with Arrays 

•
Used to process the elements in an array in a


sequence.

•
A for loop using a loop control variable, i, as the


array subscript, allows us to sequentially process


the elements of the array.

•
Increasing the value of the loop control variable


by 1 causes the next array element to be 
processed.

int cube[10];

int i;

for(i=0; i<10; i++)

    cube[i] = i*i*i;

This for loop will initialize the array:

cube[0]
cube[1]
cube[2]
cube[3]
cube[4]
cube[5]
cube[6]
cube[7]
cube[8]
cube[9]

0


1
8


27
64
125
216
343
512
729

Finding the Minimum 

or Maximum Value

1.
Assume that the first element is the largest so 


far and save its subscript as “the subscript of


the largest element found so far.”

2.
For each array element, if the current element 
of the array is greater than the largest so far, 
save the subscript of the current element as 
“the subscript of the largest element found so 
far.”

Searching and Sorting Arrays

Data Requirements for a Search Function:


Input Arguments: 


items (int[])

--array to be searched


size (int)


--number of items to be examined


target(int)

--item to be found


Output Arguments:


(none)


Returns:


Subscript of the first element of the array containing the target


(-1 is returned if no element contains the target).


Local Variables:


next (int)

--subscript of the next item to be tested


not_found(int)
--initialized to true (target has not been 






    found); may be reset to false (if target is






    found.

1.

Start with the first array element

2.

Set not_found to 1 (true) (assume the target has not yet been 



found).  

3.

While target is not found and there are more elements



3.1
If the current item matches the target




3.1.1
Set not_found to 0 (false) (will cause the loop to





exit at the next iteration attempt.)




else




3.1.2
Try the next element



3.2
If the target was not found 




3.2.1   Return -1




else




3.2.2  Return subscript of the first occurrence of target.

Character Strings 

•

May be used to represent a sequence of characters 
considered as a single data item.  

•

Strings of characters are stored in arrays of type char, 
one character per array element.

•

Character strings are distinguished textually from 
individual characters through the use of double quotes 
"   " (versus the single quote '   ', used to enclose a single 
character)

•

Character strings are terminated by the null character, 
\0



The Character ‘a’

    The String “a”





a

a


\0






[0]
[1]


•
 
The length of the string includes all characters up to but 
not including the terminating character.  Thus, the string 
length is always on less that the number of characters 
required to store the array.

Examples Using Strings

The Declaration:
char my_ssno[20];
The Typed Input:
123-45-6789
The Statement:

cin >> my_ssno;
Reads the typed string and stores it as shown:

1


2
3


-
4
5
-
6
7
8
9
\0
?
...
?

[0]
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
...
[19]

Character strings may also be used to initialize character arrays 

at their point of declaration.  For example,

char my_ssno[20] = "123-45-6789";
would have the same effect as the above example.

However,

char my_ssno[] = "123-45-6789";
would cause an allocation of space that is large enough to accommodate the string plus the termination character (only 12 characters in this case).

cout with Strings 

•
character strings may be used with stream output just as any other fundamental data type

•
all characters in the designated string (and more, if the null


is missing) will be displayed.

•
The setw manipulator is used prior to the string to be displayed.


for example:




setw (7)


The string will then appear right-justified in a field of the specified length. 

•
To force justification, the setiosflags manipulator with the argument ios::left must be used.  If the length specifier is


present by not large enough to accommodate the string being printed, the field will expand to fit the string precisely.

cin with Strings 

•
when reading in strings, cin skips leading blanks as it looks for an input value.   

•
the first white-space character (blank, new-line, tab etc.) encountered while scanning an input value terminates the input operation for the string.

•
when the input operation for a string is complete, the null


character '\0'; is placed in the next available element of the character array given as the corresponding cin argument.  

•
the string array must be large enough for this termination character, or some other valuable information in your program may be destroyed.  

Assignment of Strings 

•
No fundamental operations are defined for strings.

•
All string manipulation functions are contained in string.h

Examples of string manipulation functions:

char *strcpy (trg, csrc)

Copy string csrc to string trg including







the \0, returns a pointer to (address of) 





trg

char *strncpy (trg, csrc, n)
Copy at most n characters of string csrc







to string trg; pad trg with '\0' is csrc 







has fewer than n characters; returns 







a pointer to (address of) trg

char *strcat (trg, csrc)

Concatenate string csrc with its null







character to the end of string trg; return







a pointer to (address of) trg.

int strcmp (ctrg, csrc)

Compare string ctrg to csrc; return an







integer < 0 is ctrg < csrc, o if ctrg==csrc,







and an integer > 0 if ctrg >csrc.

size_t strlen (csrc)

Return the length of csrc (not including 





the '\0').  The type size_t is a special







integer type used in C++ to define the 





size of objects.  For our purposes, it may 




be treated as an int. 

File Manipulation Member Functions 

fs.open (fname);

The open function connects the iostream to 




the external file designated by the first 





argument, 
fname.
fs.get (ch);


Function get extracts (reads) the next 





character from the iostream and places it in 




the character variable designated by the 




argument.


fs.put (ch);


Function put inserts (writes or displays) 





character ch into the iostream.
fs.eof ();


EOF returns nonzero (true) when the end of 




the file is reached.
fs.fail ();


Function fail may be used to check if an 





iostream operation such as open failed to 




execute properly.  Fail returns a nonzero 




value (true) if the operation failed.

fs.close ();


The close function disconnects the stream and 



its associated file.


The name of the iostream associated with each of these operations is specified using the dot notation, for example, ins.get (ch).
NOTE:  All member functions require fstream.h 

Steps to Using Data Files



1.
Create a file handle.



2.
Associate the file handle with an actual file.



3.
Open the file.



4.
Make sure the file is really open.



5.
Read from or write to the file handle.



6.
When you are done, close the file.

File Handles 

fstream.h provides two fstream types:

ifstream

input file stream

ofstream

output file stream

To access an input file, create an ifstream object. This can have any name, which is called the file handle.  Conventionally, file handles are capitalized:

ifstream INFILE;
Use the same declaration style of access an output file, but use the ofstream object:


ofstream OUTFILE;
Connecting to the File Handle

Once you have declared a file handle, you must associate that file handle with a particular file.


INFILE.open(“filename”);


OUTFILE.open(“filename”);

This command will “attach” the file handle to the 

particular file with which it is associated.   

You MUST open a file before you can use it.

Making Sure the File is Open

If the file does not open the computer will skip the instruction in the source code and move on.  The computer will not tell you if the specified file did not open.

Before you use the file you want to be sure that the 

file is in fact open.   To do this, you can use the boolean member function in fstream.h called fail().


if(INFILE.fail())


{



cerr << “The input file did not open!” << endl;



cerr << “Program Aborting!!!” << endl;



exit(1);


}
NOTE:  The exit(1) function call will cause the program to abort.  To use this function name you must #include <stdlib.h>.

Using An Open File

To read or write from a file, you can use the >> and << operators that cin and cout use.  However, since cin and cout are specifically tied to the keyboard and the monitor, you will have to specify the file to be accessed.  To do this, use the file handle.


//This code will keep a running total of a set of data.  It


// will read the data from the INFILE handle and 


// output the total to the OUTFILE handle. 


int x;


//temporary storage for read in data 


int total = 0;
//total of all previous items.  


//This while loop will continue to read data until it


// reaches the end of the file, or when the file handle


// returns a null character, indicating the end of the file. 


while(INFILE)


{



INFILE  >> x;



total = total + x;



OUTFILE << x + total;


}

Closing a File

You must close the file when you are finished using it.   Failure to do this could cause problems in subsequent reads of the file.

To do this, you can use the fstream member function close();


INFILE.close();


OUTFILE.close();

Since the function close() is associated with the file handle by the dot operator, you do not need to tell it

the file to close.

The Standard Iostream, cerr 

This stream is used to provide an alert to an error or exception condition that might occur during the execution of a C++ program (ie. invalid data, premature end of file, or failure during an attempt to open a file)
Example:
if (a == 0.0)

{



cerr << "+++ Error: attempt to divide by zero.";


return;

}

x = discr/(2.0 * a);

Stream I/O Manipulator Functions and Flags
As is the case with the other functions  in the iostream library (eof, close, get, etc.) these functions may be used with streams of type ifstream and ofstream.

Manipulator/Function Name

setiosflag/setf

• Returns a list of flags to be set (long)





• Turns on the flag bits corresponding to 





those in the argument list





Example:






cout.setf (ios::left, ios::adjustfield);

unsetiosflags/unsetf
• Returns list of flags to be unset (long)





• Turns off the flag bits corresponding to 





those in the argument list.





Example:





cout.unsetf(ios::showpoint);

setprecision

•Returns an int/precision





•Sets the precision to the argument. The 





default is 6.  Returns the previous 






precision setting.





Example:





n = sts.precision (10);






sts.precision (10);

setw/width

• Returns an int





• Sets the width to the argument.  Affects only 




the next output value, after which the 





width returns to the default of 0.  





• Returns the previous width setting.





Example:





k = grs.width (6);


grs.width (6);


File I/O example

//----------------------------------------------------------------------------------------------

//  copyfile.cpp

//  This program copies all characters from an existing input file to a

//  new output file.  The user is prompted for the names of the input

//  and output files.

//----------------------------------------------------------------------------------------------

#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

int main()

{


char fileName[20];

    
cout << "Name of input file: ";

    
cin >> fileName;

    
ifstream inFile.open(fileName);


if ( !inFile ) 

   
{

        
   cerr << "Can't open input file\n";

        
   exit(1);

    
}

    
cout << "Name of output file: ";

    
cin >> fileName;

    
ofstream outFile.open(fileName);


if ( !outFile ) 


{

     
   cerr << "Can't open output file\n";

        
   exit(1);

    
}

    
char ch;


while (inFile.get(ch))

        
{   


   outFile << ch;


}


inFile.close();


outFile.close();

    return 0;

}
Common Programming Errors
•

Connecting Streams and External Files

•

Preparing Files for Input and Output

•

Attempting to read past the end of a file

•

Matching data in an input stream to input variables 
listed in a cin line.


•

White Space and Input

•

Proper handling of the newline character during input

•

Input/Output Argument and Flag Settings

  Introduction to 

Object-Oriented Design

Data Abstraction:  The separation of the properties of a data type (its values and operations from the implementation of that type).

Abstract Data Types:  A programmer-defined type with a set of values and a collection of operations on those values.

Implementation of an Abstract Data Type:  


•
Choose concrete data representation of the 

abstract data, using data types that already 


exist.


•
Implement each allowable operation in 


terms of program instructions.

Layers of Abstraction: Generated by using top-down design, which is an algorithm design by decomposing a problem into subproblems, then successfully decomposing each sub-problem into further sub-problems, etc.

Every algorithm depends on...
•
data: 

information manipulated by the 




algorithm.

•  
control flow: 
order which instructions are 





executed.

      Every data type has two  

defining characteristics:

1)
the domain of the type (the set of all 



possible values).

2)
The collection of allowable operations on 


those values.

Arrays 

Arrays - The array is the data structure most familiar to programmers.   Components are called array elements, and individual elements are selected by an index or subscript expression.

Arrays have the following defining characteristics:


•
Direct access to a component (array 



element) through an index expression.


•
Homogeneous components (all elements 


of the array must have the same type).

Records 

Records:   A record (struct in C++) is another direct access data structure.  Components of a record are usually called fields, and individual fields are selected by a field name or field identifier.

Records have the following two distinguishing characteristics:


1)
direct access to a component (field) by 



means of a field name.


2)
heterogeneous components

struct Type Declaration 

Syntax:    
struct struct-type




{





type1 id-list1;





type2 id-list2;






.






.






.





typen id-listn;




};

Example:
struct complex




{





float real-part;





float imaginary-part;




};

•
The identifier struct-type is the name of the 
structure being described.  

•
Each id-list is a list of one or more member 
names of the same type separated by commas, 
and each id-list is separated from the next id-list 
of a possibly different type by a semicolon.  

•
The data type of each member in id-list is 
specified by type (fundamental or user-
defined).

Class Construct 

public:


•
list of class attributes (variables, types, 



constants, etc.) that may be accessed by 


name from outside the class.  


•
list of prototypes for each member function 

that may be accessed by name from 



outside the class.

private:

•
list of class attributes that are intended to 


be hidden from reference from outside of 


the class.


•
list of prototypes for each member function 

intended to be hidden from outside of the 


class.

Lists 

A list is a linear data structure whose components (called list items or list elements) can only be accessed sequentially, one after the other.  The first item in the list is called the head or the front of the list, and the last item is called the tail, back, or end of the list.

Lists have the following three features:


1) 
Varying length (the length of the list grows 


and shrinks as new items are added and old 

items are deleted).


2)
Homogeneous components.


3)
Sequential access to the components 



through a list cursor.

Stacks 

•
A stack is another sequential access structure.  
The stack is sometimes called a push down 
stack. 

•
The stack is a restricted form of a list in which all 
insertions and deletions occur only at one end.  
This is called the top of the stack.  

•
The stack is often referred to as a LIFO (Last-In, 
First-Out) structure.

Queues 

The queue, like the stack, is a restricted form of the list data structure.  With a queue, all instructions occur at the tail of the list and all deletions occur at the head.  The head and the tail of the queue are often called the front and the rear, respectively.

There are three operations usually defined for queues:


1)
The Enqueue operation appends a new 


item to the rear of the queue.


2)
The Dequeue operation removes the item 


at the front of the queue.


3)
The Front operation inspects, but does not 


remove, the first item in the queue.

Queues are often referred to as FIFO (First-In, First-Out) structures.

Sets 

The set is one of the basic building blocks of mathematics.  Sets are collections of objects, such as a set of numbers, set of Boolean values, or sets of geometric points.  The objects in a set are called its elements. 

A set has three important properties:


1)
All elements of the set belong to some 



universe (the collection of all values that 


are potential elements of the set).


2)
There are only two possibilities for any 



object from the universe--either it is an 



element of the set or it is not.


3)
There is no particular ordering of elements 


within a set.
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