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Welcome to “C++”
C++ isavery powerful programming language. Of course, being powerful means that there is alot to
learn in order to take advantage of that power. C++ is also portable: a program written in C++ can be
compiled and run on many machines in addition to the machine it was written on. One of the ways that
C++ is made portable is to put most of the functions in separate files instead of making these functions
built in.

C++ is C with some extra features added. (C++ includes objects) Any program that worksin C will
aso work in C++. If you want to make sure that the programs you write are C and not C++, most

compilers will force the program to compile as a C program if you save it as nane. ¢ instead of
nane. cpp

When you type the programs in this book, there are three important things to remember:
C, and C++ are case sendtive. That means that Mand mare not treated as the same thing. All of the
lines must be typed exactly as shown, you can not reverse the case shown.
Unless a space is part of a string enclosed in double quotes, anywhere one space is dlowed, you
can have any number of spaces, incduding a new line. Sometimes a line is indented to help the
programmer see which lines belong to a particular part of the program, but the number of spacesis
not important.
The programs in this book are shown with numbers on the left. These numbers are provided for
reference only. They are not part of the program. Type only the lines in the shaded box.

Hello World: The First Program
Traditiondly, the first program isto print out the words “Hello World”. The program below is the C++
verson of “Hello World”.

[/ Hello World

#i ncl ude <i ostream h>
voi d main()

{ cout<< "Hello World\n";
} // main

A WNFO

Explanation:

0: This line is a comment. When the compiler encounters / / it skips everything ese on that line,
Although comments are ignored by the compiler, they are very important to humans. When you
look &t the program months from now, the comments will help you to understand the program.

1. C++ is made portable by putting lots of functions in header files. This line tdls the compiler to
indude functions found in i ost r eam h when it compiles and links the program. The filename
iostream stands for input and output stream. H stands for header. The commands cout and cin
will not work without the code provided by this heeder file.

2. Every C++ program begins execution with the function main. The word void indicates that this
function will not return an answer. The parentheses after main are for the arguments that the
function will receive. This program will not receive any arguments, so the parenthesis are empty.

3. All of the statements that make up a function are enclosed between { and }.
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The expression cout<< is used to send information to the console output device. The output string
is enclosed in double quotes. (Single quotes have a different purpose: they ae not
interchangegble!) The \ n indicates aline feed. After printing the words Hello World, thereisaline
feed. The\ n could dso be placed in the middle of the output string:
cout << "Hel | o\ nWorl d\n"; prints Hel | o on one ling, does a line feed and then prints
Wor | d on the next line, then another line feed.
Note the semicolon ; at the end of the statement. Every statement ends with a semicolon.

4. The} sgndsthe end of ablock of code. Mainisjust one block of code that might appear in your
program. It isagood habit to aways labd every } with acommen.

The program below is a dight variaion on the program above. In this program an integer vaue of 0 is
returned by main. A return value of 0 is used to indicate that the program worked, it isthe last statement
afunction executes.

[/ Hello World

#i ncl ude <i ostream h>

int main()

{ cout<< "Hello World\n";
return O;

} // main

ah~rwWwNEFLO

2: Theword i nt indicates that this function will return an integer vaue. Actudly, i nt is the default
vaue. If this statement had been written mai n() it would have been the same thing.

4. A return vaue of O indicates that zero isthe error that occurred. In other words, it worked! (Zero
is considered false, any other number is true. There are many reasons a program could fail
but only one way that it can work!)

Check-Up
It isimportant that you understand the sample programs. Give yoursdlf the following checkup:
Look through the program line by line, make sure you know what each piece of code does.
Enter the program and debug without looking at the sample program.
Modify the program. For the Hello program, try to display a different message.

Variables

A program that dways displays the same message can get a hit boring. Mot programs get some
information, do some caculations, then display the results of the caculations. Information is stored in
memory as vaiables. Variaddles can vary, or change. Before a variable can be used, it must be
declared. To declare a variable, first decide what type of information you want to store. Whole
numbers, number with no decimd places are cdled integers. Numbers with decimal places are cdled
double. Single letters such as 'Y’ or ‘N’ are characters. Words, such as “Hello”, or a persons name
are caled strings. Strings are somewhat more complicated because they require an array of memory
locations. Strings are discussed in another chapter.

After deciding on the type, the next thing a programmer must do is decide on a variable name.

= A vaiable name must start with aletter of the aphabet or an underscore.
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= After thefird letter, there can be additiond letters, digits and underscores.

= There cannot be any spacesin avariable name.

=  Words that have a specid meaning such as i ncl ude or nai n cannot be used to name
variables.

= The name of the variable should indicate its purpose. Variable names like a b and ¢ are not
very good names for variables unless you are using them for the three sides of atriangle.

= |f two words are joined together (you can’t have any spaces), a capita letter for the second
word or an underscore can improve the clarity. Example: hour sWor ked, st at e_t ax, and
dueDat e aredl good variable names.

= Remember, C++ is case sendtive. If a variable is declared as hour sWor ked, it must be
written exactly the same way each timeit is used. It will be easer to remember the namesiif you
develop a paticular style and stick to it. The programsin this book will usualy use alower case
letter for the first word, and capitalize the first letter of the other words. Some employers and
professors may require a different style.

The statement to declare a variable lists the type first then the variable names separated by commeas.
Exanple int mdterm final; declarestwo variables as integers. This assumes that midterm
and find exam grades do not have decima places. Numbers with decimal places are declared as
double doubl e hourl yRat e; A variable must be declared before it can be used. The declaration
is usudly the firg line ingde the braces for the function where the variable will be used. The varigble is
locdl to the function it isdeclared in. (A variable that is declared outsde of any function is globdl.)

Assignment Statements

The easest way to give avdue to a varidble is the assgnment satement. The assgnment statement has
the following format: vari abl e = val ue; The variadethat is being assgned a vadue must be on
the left. The equd Sgn is the assgnment operator. The new vaue is on the right.

= Thenew vaduecanbeacongant: x = 5;

= Anequdion: sum = a + b;

= The new vaue can even use the current vaue of the varigble total = total + num

(This statement adds the current value of t ot al to numand then assgns that number as the

new vaue for total . Thedatement total = total + num can dso be written as
total += num)
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Inches to Centimeters
The program below declares an integer variable inches and a double variable cm (centimeters). Inchesis
assigned avaue of 12, then cm is computed by multiplying inches times 2.54. The agterisk * is used to
multiply.

0|// Convert inches to centineters, first draft
1 |#include <iostream h>
2 lint main()
31{ int inches;
4 double cm // centineters
5 i nches = 12;
6 cm= inches * 2.54;
7 cout <<i nches<<" inches = "<<cnk<" centineters.\n";
8 return O;
91} // main
Explanation:
0: Thefirg line of every program should be acomment to tell what the program does
1. i ostreamisthe header file thet contains the input and output functions.
2:  Thefunction mai n will returnani nt eger. It does not receive any arguments.
3. Thevaidblei nches isdeclared asan i nt eger.
4. Thevaiabilecmisdeclared asadoubl e: anumber with decima places.
5. Thevaiddei nches isassigned avaue of 12.
6: Thevariablecmisassgned avaue equa to 2.54 timesthevaueof i nches.
7. Severd items are sent to the console output object, one after another. The firgt item is vaue of the

variable inches, then the string " inches =". Next, the vaue of the variable cm is sent. The lagt item
isthe gring " centimeters\n”. The \n a the end of the last string cause a line feed. The output will

appear as.
12 inches = 30.48 centineters.

8: If the program getsto this point, O isreturned to indicate that the program worked.
9: Thecurly brace} endsfunction mai n. A comment should dways be used to label a} .

Note: A variable can aso be given avaue when it is declared. Statements 3 and 5 could be combined
asint inches = 12;

The Input Object
Both ci n (console input) and cout (console output) are objects. The << indicates sending to the
object, while >> indicates receiving from the object. The ci n object looks somewhat like the cout
object, itisdsoincludedini ost r eam h.

The program below is exactly the same as the previous program except the user is asked to enter the
number of inchesingtead of using 12 each time.

0|/l Convert inches to centineters, second draft
1| #i ncl ude <iostream h>
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21int main()

3{{ int inches;

4 double cm // centineters

5 cout <<"Enter the nunber of inches:"; //pronpt

6 ci n>>inches; // sends frominput to variable inches
7 cm = inches * 2.54;

8 cout <<i nches<<" inches = "<<cnk<" centinmeters.\n";
9 return O;

10(} /1 main

The only changes arelines5 and 6.
5. Printsaprompt so that the user knows what to do.
6: A vdueissent from the input object to the variable inches.

When the program runs, the user will see the prompt. The cursor will be flashing right after the prompt.
The program will wait until the user types a number and presses (HEnter] then it will calculate cm and
print the line of output.

Sample Output:
Enter the number of inches: 72
72 inches = 182.88 centineters.

Special Characters
Suppose we would like to print the result as 72" = 182. 88 centi net er s. Printing the double
quote " and other characters such as % can be done by preceding the specid character with a
backdash: \. Thecout statement would be rewritten as shown below:
cout<< inches << "\" ="; Thiswill print 12" =

Purchase: An Example with double

O|// Purchase

1| #include <iostream h>

21int main()

3|1{ int quantity;

4 doubl e cost, subtotal, tax, total;

5 cout <<"Enter cost of item ";

6 cin>>cost; // user types in cost

7 cout <<"Enter quantity: ";

8 ci n>>quantity;

9 subtotal = cost * quantity;

10 tax = subtotal * .04; //tax rate varies between states
11 total = subtotal + tax;

12 cout <<"Total cost = $"<<total <<"\n";
13 /[/don't worry about format for now
14 return O;

15} //main
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Sample Output:
Enter cost of item 3.95
Enter quantity: 4
Total cost = $ 16.43
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Arithmetic Operators
C++ hasthe following operators.

Operator Purpose: Example: X

+ Addition X = 5+3; 8

- Minus X = 8-2; 6
(using most recent valueofx) X = X-1; 5

* Multiplication X = 6*2; 12

/ Divison X = 17/ 5; 3

X = 15/ 5; 3

% Remainder X = 17 % 5; 2

An actual program would not use a statement such as X=5+3; it would save time to simply use X=8. An actual
programwould be more likely to use variables: X=Y+Z; for example.

Note that there is a times, or multiplication, operator: * . In agebra, variables are dways a single
letter, XY in dgebrameans X times Y. In programming, variables can be severd letters, and we could
not be sure whether XY meant X timesY or avariable called XY.

Remainder: %
The % operator is used to find the remainder. Before children learn about decima numbers, they may
give the answer to divison problems as

“17 divided by 5is 3 with aremainder of 2 3
5[17
15
2 = 17 %5
Notethat 17/ 5 resultsin 3, while17 % 5 resultsin 2.

Example: The program below converts inches to feet and inches.

O/l Convert inches to feet and inches
1| #include <iostream h>
2 lint main()
31{ int inches, feet, inch;
4 cout <<"Enter the nunber of inches: ";
5 ci n>>i nches;
6 feet = inches/12; // divide inches by 12
7 inch = inches%2; // remainder of inches divided by 12
8 cout <<i nches<<"\" = "<<feet<<"\'"<<inch<<"\"\n";
9 return O;
101} /1 main
Sample Output:

Enter the number of inches: 62
62" = 5'2"
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Sudy tip: After studying the examples, try evaluating the expressions without looking at the
answers; then do the exercise. You can check your answers using a short program.

Exer cise: Show the vaue of z after executing each statement:

Statement: X y z
int z;
int x = 8; 8
int y =5 5
z X+Y;
X*2;
x/ 2;
X % 2;
X-Y,
y % 3;

N N N N N
L O A T I

Functions
In addition to the basic operators, C++ aso has functions to find square root, raise to a power and

numerous others. In order to use these functions, include the math header file:
#i ncl ude <mat h. h>

The manuds and hdp files will give acomplete list of functions.

Order of Operations
A datement can perform more than one arithmetic operation. If there is more than one arithmetic
operation in a statement, they are executed according to the level of the operators. Parenthesis take
precedence over dl other operators, multiplication and division take precedence over mod, mod takes
precedence over addition and subtraction.

Evaluate an expression in thefollowing order:

1. Anything ingde parenthess including functions, are done fird: working from the inner-most
parenthesis out;

2. Multiplication, divison and remainder (*, /, %) are performed from left to right;

3. Addition and subtraction ( + and -), are performed from |eft to right.

Examples. The order of evaduation is shown by underlining the next operation, then replacing it with
the result (in bold) on the next line.

A 3 +5* 2 * takes precedence over +
3+ 10 5*%2=10: the 10 replaces 5*2 on thisline
13 3+10=3: the 13 replaces 3+ 10 on thisline: Done!
B. (3 +5) * 2 parenthesis first
8 * 2

16 Notice the difference between the first and second problems!
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C 3* (5-3*8+4) parenthesis first, within parenthesis, * before + or -
3 * (5 - 24 + 4) if same level (+ and-), work fromeft to right
3% (_-19  + 4)
3 * - 15
-45

D 3 * (5- 3) * (8 + 4) parenthesis first, left to right

3 2 * (8 + 4) parenthesis first
3 * 2 * 12 if same level (*, /), work fromleft to right
6 * 12
72
E. -3 * (6 * (3 - 8) + 10) inner-most parenthesisfirst
-3 * (6 * -5 + 10) ifsamelevel (+ and-), work from left to right
-3 * ( -30 + 10) parenthesisfirst
-3 * -20 the minusin front of 3: -3, is a sign, not an operator
60

Variables and Functions
If there are variables or functionsin an expresson, replace the variables with their current values (shown
below); evauate any functions, and then evauate using order given above:

Examples:
X y z
4 |5 | [6 ]
A. zZ - X %y replace variables with current values
6 - 4 %5 % takes precedence over -, 4/5=0 with 4 remainder!
6 - 4 4 replaces 4%5 on thisline
2 6-4=2, the 2 replaces 6-4 onthisline: Done!
D (x +y +2z) / 3 replace variables with current values
(4+5+6) / 3 parenthesisfirst: + fromleft to right
( 9 +6) / 3 parenthesis first
15 [ 3 Notice that thisis the average of the 3 numbers:
5 What isthe result isthe parenthesis are | eft out?

Exer cise: Evaduate each expression, use the vaues of X, y and z shown below:

X y z
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3 |1z | [9 ]

X +y * z
A(Ax +y) * oz
z /| 2 + x

1

2

3

4. z | (2 + Xx)
5. 2 %2 + X
6

zZ %2 + Xx)

Algebra

Many times a programmer is given an agebraic formula, and must write an assgnment statement that
will correctly caculate the answer. After writing a satement, check it by hand, usng sample vaues and
the method shown above to verify that the equation is correct. Use the following guidelines to convert
agebraic expressions to programming statements.

Algebra Program Explanation:

XY X*y Al gebra uses single letters for variables, and
can omt the *, progranm ng |anguages always require an
oper at or .

XY X*y Al gebra sonetimes uses a dot for nultiplication.

X2 X* X There is no way to type a smaller exponent

xN pow( X, N) Use #include <math. h> for power function

X sqgrt (x) Use #include <math.h> for SQuare root function

A+B (a+b)/c  Conpound nunerators and divisors nust be enclosed in

C parent hesis: Notice the difference between this exanple

and the one bel ow

A+E at+b/ c Notice the difference between this exanple and the one
C above.

Remember: Algebra uses single letters for variables: programmers should use good variable
names wherever possible!
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Exer cise: Write an assgnment statement using the variables in each equation:

1. a=lw 2. c=4/a’+b? 3. a+3
5% - y?
Grades

The next program asks the user for midterm and find grades and computes the average. Notice the
parenthesis around midterm and find, without the parenthess the average would be the midterm plus
haf of thefind. (Actudly, that's not so terrible from a students point of view!)

Of(// Calculate average from mdterm and final grade
1 |#include <iostream h>

2 | main()

31{ int mdterm final;

4 doubl e avg;

5 cout <<"Enter the m dterm grade: ";

6 cin>>m dterm

7 cout<<"Enter the final grade: ";

8 ci n>>final ;

9 avg = (mdterm+ final)/2.0; // try this with just 2
10 cout <<"The average is "<<avg<<"\n";

11 return O;
121} /1l main

Explanation:

2. i nt wasleft off as the return type for function main, but the type is il i nt because i nt isthe
defaullt.

9: Divisonwill return an integer if both operands are integers. When an integer is divided by a double,
adouble will be returned. Using 2.0 instead of 2 forces a double to be returned.

Sample Output:
Enter the m dterm grade: 95
Enter the final grade: 90
The average is 92.5
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Hypotenuse: Using math.h
The next program asks the user for Sde A and side B of aright triangle and prints the hypotenuse, Sde

C. You may know the equation as ¢ = &®+b? rewritten as ¢ = «/a® + b?

O0|// Find the hypotenuse of a right triangle
1| #include <iostream h>
2 | #include <mat h. h>
3| main()
41{ int sideA, sideB; // sides A and B are integers
5 doubl e si deC; /1 side C++ will have decimal places
6 cout<<"Enter side A: "; [/ print a pronpt
7 ci n>>si deA;
8 cout<<"Enter side B: ";
9 ci n>>si deB;
10 sideC = sqrt(si deA*si deA+si deB*si deB); //hypot enuse
11 cout<<"Side C, the hypotenuse is "<<sideC<<"\n";
12 return O;
13|} //main
Explanation:

2. The header filemat h. h must be included in order to use the square root function.
10: The pow function could be used as shown below, but it is more efficient to use x* x whenraisng
to the power of 2. si deC = sqrt (pow si deA, 2) +pow si deB, 2));

Sample Output:
Enter side A3
Enter side B: 4
Side C, the hypotenuse is 5

Note: Thereisafunction hypot. Line 10 could also have been written as
si deC = hypot (si deA, sideB);

Thisis an important function, because you will use it to find the length of aline when you have the x and

y coordinates of the two ends of the line.
xlvl

HERTE
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Rounding
Thereis no function in nmat h. h to round. Putting a type in parenthesis before an expression will forse
the expression the that type. For example (i nt) 89. 5 returns 89. However, if we add 0.5 to the
expression, we can use it to round. The grade program is rewritten to round the average:

0|// Calculate rounded average from m dterm and final grades

1| #include <iostream h>

2 | #include <mat h. h>

3| main()

4|1{ int mdterm final, avg;

5 doubl e aver age;

6 cout <<"Enter the m dterm grade: ";

7 cin>>m dterm /'l enter 89

8 cout<<"Enter the final grade: ";

9 ci n>>final ; /[l enter 90
10 average = (mdtermtfinal)/2.0; //average is 89.5
11 avg= (int)average; /1 avg=89, not an Al
12 cout <<"The average w thout rounding is "<<avg<<"\n";
13 //better: add 0.5 to force rounding
14 avg= (int)(average+0.5); /1 avg=90, YES an A!
15 cout <<"The average with rounding is "<<avg<<"\n";

16 return O;
17} //main

(Obvioudly lines 11..13 are not needed and can be omitted.)

Sample Output:
Enter the m dterm grade: 89
Enter the final grade: 90
The average w thout rounding is 89
The average with rounding is 90

Programming Exer cises:
1. Write aprogram to convert Fahrenheit to Cesius. C = g( F- 32

2. Write aprogram to convert U.S. dollars to Canadian dollars.

($1 U.S. usudly equal $1.10 Canadian, but you can check the current exchange rate.)

Everything is on sdefor 20% off. Ask the origind price, print the sde price.

4. Ask for the number of cups. Print the number of galons, quarts and cups.

1 gdlon =4 quarts, 1 quart = 4 cups.

Given an amount of money, print out the equivaent in quarters, dimes, nickels and pennies.

Redo the grade program. Figure the grade as follows. midterm is 30% of the grade, term paper is

25%, the find isthe rest of the grade.

7. A shipping company charges $5.00 plus 65¢ per pound for each package. Ask the weight of the
package and print the shipping cost.

8. Find the average of 3 numbers. Round the answer to the nearest hundred.
Example: The user enters 3456, 1308 and 2765. (Total is 7529.) Print the answer as 7500.

w
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