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Relational Operators
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Relational Operators

o]l L 3 a0ad S alae V) 4 el anding e
Operators: Jal g2ll e

> Greater than

< Less than

>= Greater than or equal to
<= Less than or equal to
== Equal to

1= Not equal to
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Relational Expressions

false s true apwll Huledll o

 Examples:
12 > 5is true
7 <= 5is false

If X is 10, then

X == 10is true,
X 1= 8is true, and
X == 8is false
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Relational Expressions

Lo e A aid ol Sy e
result = X <= vy;

* Assigns O for false, 1 for true

* Do not confuse = and ==

@Pearson Copyright © 2019, 2016, 2012 Pearson Education, Inc. All Rights Reserved



4.2

if ke
The 1T Statement
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The 1T Statement

L jslad ol Ja g e JSE <l jlaadl 2855 e o

ad Jslall Led Hasi ) (5 hall Dilas Lad sai pd o
— "If 1t Is raining, take an umbrella."
— "If 1t I1s cold outside, wear a coat."
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Flowchart for Evaluating a Decision

|

s it cold Yes
outsy I
Wear a coat.
No
- |
Y
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Flowchart for Evaluating a Decision

|

Is it cold Yes

outsy I
Wear a coat.
No
4
Wear a hat.
4
Wear gloves.
g
\/
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The 1T Statement
General Format :aldl Js&ll e

iIT (expression)

statement,
« Ifthe expressionis true, then statement
IS executed.

« Ifthe expression is false, then
statementis skipped.
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1 T Statement in Program 4-2

Program 4-2

// This program averages three test scores
tinclude <iostream=

tinclude <iocmanip:>

using namespace std;

int main()

{
int scorel, score2, scoreld; // To hold three test scores
double average; // To hold the average score

Continued...a&%
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1 T Statement Iin Program 4-2

Program 4-2 (continued)

// Get the three test scores.
cout << "Enter 3 test scores and I will average them:
cin =» scorel =»>> Score? »>> sScorel:

-

// Calculate and display the average score.
average = (scorel + scorel + scoreld) / 3.0;
cout << fixed << showpolnt << setprecisicon(l);
cout << "Your average is " << average << endl;

// If the average is greater than 95, congratulate the user.
if (average > 95)

cout << "Congratulaticns! That's a high scoreli\n";
return 0:

Program Output with Example Input Shown in Bold
Enter 3 test scores and I will average them: 80 90 70 [Enter]
Your average is 80.0

Program Output with Other Example Input Shown in Bold

Enter 3 test scores and I will average them: 100 100 100 [Enter]
Your average is 100.0
Congratulations! That's a high scorel!
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Flowchart for Program 4-2 Lines 21 and 22

average

> HIGH SCORE>__Tue

v

Display "Congratulations!
That's a high score!"

False |
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1 T Statement Notes

(expression) w3l ax (;) b jie Abald iy o
Jraiia s Sle statement; o e
indented 4al oS5 Cusy (expressiIon)
iIT (score > 90)
grade = "A";
A5 Floats deilall all 8l glosdd duilly Hia) oy oK
(4-4 =L n aa))) .doubles

true = Al dad sl s false Uaa 0 ) i
O 1is false; any other value Is true
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Expanding the 1T Statement
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Expanding the 1T Statement

u\JM\oJAA.L\A}A‘;SﬁaJ\_\s me‘)ﬁiw o
{ } O 8l
iIT (score > 90)

{
grade = "A";
cout << ""Good Job!I\n';

ks
block of code 3_auill (pe A £ VLl 8Y) (55 o
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4.4

if/lelse 3 s
The 1t/else Statement
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The 1 T/else statement

s ia expression Jx=dll G 13 S8 gl san) 95 jlac 2di e
AVl e 5l 8 e 25 L3l V)
1T (expression)
statementl, // or block

else
statement?; [/ or block
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1T/else-What Happens

1T (expression)
statementl,

else
statement?;

« Ifthe expressionis true, then statementl1
IS executed and statement?Z2is skipped.

« Ifthe expressiIonis false, then
statementl is skipped and statement?2is

executed.
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The 1¥/else statement and Modulus
Operator in Program 4-8

Program 4-8

// This program uses the modulus operator to determine

// 1f a number is odd or even. If the number is evenly divisible
ff by 2, it is an even number. A remainder indicates it is odd.
tinclude <iocstream>

using namespace std;

int main()
{

int number;

cout << "Enter an integer and I will tell you if itin";
cout << "is odd or even. "
cin => number;

if (number % 2 == 0)

cout << number << " is even.\n";
elze

colut << number << " is odd.\n":
return 0O;

Program Output with Example Input Shown in Bold

Enter an integer and I will tell you if it
is odd or even. 17 [Enter]
17 is odd.
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Flowchart for Program 4-8 Lines 14
through 18

True False
number % 2

i

Indicate that the
number is odd.

"

Indicate that the
number is even.
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4-9 gl ) b Ale o gudal) Lgal
Testing the Divisor in Program 4-9

Program 4-9

// This program asks the user for two numbers, numl and num2.
S/ numl is divided by num2 and the result is displayed.

// Before the division operation, however, num2 is tested

// for the walue 0. If it ceontains 0O, the division does not

// take place.
Linclude <iostreams
using namespace std;

int mainf()
1

double numl, num2, gquotient;

Continued...
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Testing the Divisor in Program 4-9

Program 4-9 fcontinued)

// Get the first number.
cout << "Enter a number: "
cin == numl:

// Get the second number.
cout << "Enter another number: ";:

cin => num?2;

// If num2 is not zero, perform the division.

if {num2 == 0)

{
cout =< "Diwvision by zZeroc i1s not possible.’\n";
cout << "Please run the program again and enter'n";
cout << "a number other than zero.'\n";

}

else

{
quotient = numl / num2;
cout << "The quotient of " << numl << " divided by ";
cout<< num2 << " is " << gquotient << ".\n":

}

return 0:

}

Program Output with Example Input Shown in Bold
(When the user enters @ for num2)

Enter a number: 10 [Enter]

Enter another number: 0 [Enter]

Division by zero is not possible.

Please run the program again and enter

a number other than zZero.
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Nested 1T Statements
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Nested 1 ¥ Statements

AT be Gandalidl fFi e & o
Al g dayd e ST LAY Aslaiall if Gl le aladtial oSy e
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(4-5 5_488) Ald)aial) if 3 jlad B gaiuall Jahadall
Flowchart for a Nested 1 ¥ Statement

'

False

True

|

Display "You must be
employed to qualify."

employed=="Y'

False True

recentGrad =="Y"

Display "You must have

graduated from college

in the past two years to
qualify."

Display "You qualify for
the special interest
rate."

:
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Nested 1 ¥ Statements

e From Program 4-10

// Determine the user's loan qualifications.

if (employed == 'Y'")

{
if (recentGrad == 'Y') //Nested if
{

cout << "You qualify for the special ";
cout << "interest rate.\n";
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Nested 1 Statements

* Another example, from Program 4-1

// Determine the user's loan qualifications.
if (employed == 'Y')
{
if (recentGrad == 'Y') // Nested if
{
cout << "You gualify for the special ";
cout << "interest rate.\n":;

}
else // Not a recent grad, but employed
{
cout << "You must have graduated from ";
cout << "college in the past two\n";
cout << "years to qualify.\n";
}
}
else // Not employed
{
cout << "You must be employed to qualify.\n";
}
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Use Proper Indentation!

» if (employed == 'Y')
{
— if (recentGrad == 'Y') // Nested if
{
This if and else cout << "You qualify for the special ";
go together. cout << "interest rate.\n";
This if and else }
go together. —

————» eclse // Not a recent grad, but employed
{
cout << "You must have graduated from ";
cout << "college in the past two\n";
cout << "years to qualify.\n";

}
» eclse // Not employed

{

cout << "You must be employed to gualify.\n";
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Figure 4-9 Nested decision structure to determine a grade

Display "Your
grade is A"
Display "Your
grade is B."

Display "Your
grade is C."

1

Display "Your
grade is F"

Display "Your
grade is D."
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Program 4-12

// This program uses nested if/else statements to assign a

// letter grade (A, B,

#include <iostream>
using namespace std:;

int main()

{

C, D, or F) to a numeric test score.

// Constants for grade thresholds

const int A SCORE
B SCORE
C_SCORE
D SCORE

int testScore: //

= 90,
= 80,

70,
= 60;

To hold a numeric test score

// Get the numeric test score.
cout << "Enter your numeric test score and I will\n":
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©

cout << "tell you the letter grade you earned: ";
cin >> testScore;

// Determine the letter grade.
if (testScore >= A SCORE)

{
cout << "Your grade is A.\n";
}
else
{
1f (testScore >= B SCORE)
{
cout << "Your grade is B.\n";
}
else
{
if (testScore >= C SCORE)
{
cout << "Your grade is c.\n";
}
else
{
i1f (testScore >= D SCORE)
{
cout << "Your grade is D.\n";
}
else
{
cout << "Your grade is F.\n";
}
}
}
}
return 0;

}

Program Output with Example Input Shown in Bold

Enter your numeric test score and I will

tell you the letter grade you earned: 78 [Enter]
Your grade 1s C.
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if/else if s
The 1f/else 1T Statement
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The 1f/else 1T Statement

(true =) Leie laal g 38aty S dag pall e dlidi 045 e
Al jF/else @l be aladin) e dawl (el 8 & o

thought processes _sSdill Gbilee 7363 (S Lgaladinl (Say o
i

"If it Is raining, take an umbrella,
else, If it Is windy, take a hat,
else, take sunglasses”
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1T/else 1T 5)L=d alrdl JSad

1T (expression)
statementl; [// or block
else 1Tt (expression)
statement?2; [// or block

. // other else 1Ts

else 1Tt (expression)
statementn; [// or block
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Program 4-13

/Y This program uses an if/else if statement to assign a
/Y letter grade (A, B, C, D, or F)}) to a numeric test sScore
#include <iostream=>

using namespace std:

int main()

{
£/ Constants for grade thresholds
const int A SCORE = 90,
B SCORE = 80,
C_SCORE = 70,
D SCORE = 60;

int testScore; J/ To hold a numeric test sScore

S Get the numeric test score.

cout << "Enter your numeric test score and I willin"™
<< "tell wyou the letter grade you earned: ":

cin >> testScore:

S/ Determine the letter grade.
if (testScore >= A SCORE)

cout << "Your grade is A.\n";
else if (testScore >= B _ SCORE)

cout << "Your grade is B.'n"
else if (testScore >= C_SCORE)

cout << "¥Your grade is C.wn"
else if (testScore >= D_SCORE)

cout << "¥Your grade is D.n"
elsea

cout == "Your grade is F..n"

L1]

=8

=8

-

return 0;
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sUadY) el 3 il glse aladdiud
Using a Trailing ellse to Catch Errors in

Program 4-14

slaal) Cadsl aadi LSl g sl 3,40 else s le el e

// Determine the letter grade.
if (testScore >= A SCORE)

cout
else if
cout
else if
cout
else if
cout
else if
cout
else
cout

<< "Your grade is A.\n";

(testScore >= B SCORE) This trailing
<< "Your grade is B.\n"; else
(testscore >= C SCORE) catches
<< "Your grade is C.\n"; invalid test
(testScore >= D SCORE) scaores

<< "Your grade is D.\n";

(testScore >= 0)
<< "Your grade is F.\n";

<< "Invalid test score.\n":
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Flags (aX=¥1) <l
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Logical Operators
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Logical Operators

AT AESe et (e Ale ket LIS adANG
L@A.\myjuhucdao\}d‘ o

&& |AND (e DS S ‘5;\5:‘;@%45%” u—.wﬂ\ )—wﬂ\ 055:3

Il [OR )s)\uu\smmmm@mﬂd\wg
lasa Jeladl il e G paill (g

NOT oSallyg el ) mia (e -le nt Aad Sl
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aihial) (i figall) Jal gl oo Alial
Logical Operators-Examples

int x =12, y =5, z = -4;

X >y) & (y > z) true
X >y) & (z > y) false
x <= 2) || (y == 2) false
x <=2) |l (v '= 2) true

1(X >= 2) false
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The logical && operator in Program 4-15

// Determine the user's loan gualifications.
1f (employed == 'Y' && recentGrad == 'Y')
{

cout << "You gualify for the special "
<< "interest rate.\n";

else
cout << "You must be employed and have\n"

<< "graduated from college in the\n"
<< "past two years to qualify.\n";
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The logical | | Operator in Program 4-16

// Determine the user's loan gqualifications.

if (income >= MIN INCOME || years > MIN YEARS)
cout << "You qualify.\n":

else

{

cout << "You must earn at least 5"
<< MIN INCOME << " or have been "
<< "employed more than " << MIN_ YEARS
<< " years.\n":
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The logical ! Operator in Program 4-17

// Determine the user's loan gualifications.
if (!(income >= MIN INCOME || years > MIN YEARS))
{
cout << "You must earn at least 5"
<< MIN_ INCOME << " or have been "
<< "employed more than " << MIN YEARS
<< " years.\n":

else
cout << "You qualify.\n":
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Logical Operator-Notes

I has highest precedence, followed by &&,
then | |

 If the value of an expression can be determined
by evaluating just the sub-expression on left
side of a logical operator, then the sub-
expression on the right side will not be
evaluated (short circuit evaluation)

@Pearson Copyright © 2019, 2016, 2012 Pearson Education, Inc. All Rights Reserved



4.9

dilatal) clalaally Lasad) ciflaal) L

Checking Numeric Ranges with Logical
Operators
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Checking Numeric Ranges with Logical Operators

Lo Jlae (e i Lo o ilS 13 L JLEAY 20305 o

iIT (grade >= 0 && grade <= 100)
cout << "Valid grade';

e z )& &80 Lo dad CuilS 1Y) L LAY ewjhajdsﬁ o
Lo
iIT (grade <= 0 || grade >= 100)
cout << "Invalid grade';
A 8 laS ) by ) e sl aadid of (S Y e
IT (O <= grade <= 100) //doesn’t work!
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Menus
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Menus
Lol 2ty aSaill (o)) et 1) gilly aliall peals ll
Al (e Lo Coaa plE0 e A La

e AAlES yedsn G HLid) de gena Al

iffelse if @l e alaaiuly 2 gall 2aw Sy
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Menu-Driven Program Organization

uﬁi ji J\J.ci_\ ‘\.ASJA (L_\\J;i) d\.ﬁi L"\\J\ﬁ&\ 458 J.@.LJ o

Sl iay) asl ¢l ja) e aadiiadl Gas any o

omadl) 8 oAl el Ladl oy e
Jadll dawi 2y s 1Y) —
c.s—‘\-‘j‘)-'-"'-‘ﬂdsmc—wh.\el\q\ _
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@ Pearson

/4 This program displays
/4 selection. An if/else
// the user has chosen.

a menu and asks the user to make a
if statement determines which item

#include <iostream>
#include <iomanip>
using namespace std;

int main()

{

// To hold a menu choice
4 To hold the number of months
/¥ To heold the monthly charges

int choice;
int months;
double charges:;

/4 Constants for membership rates

const double ADULT = 40.0,
SENIOR = 30.0,
CHILD = 20.0;

S/ Constants for menu choices

const int ADULT CHOICE = 1,
CHILD CHOICE = 2,
SENIOR CHOICE = 32,
QUIT CHOICE = 4;

S/ Display the menu and get a choice.
cout << "“tM“tHealth Club Membership Menuinin"

<< "1. Standard Adult Membershipin"
<< "2. Child Membershipin"

<< "3. Senior Citizen Membershipin"
<< "4. Quit the Programinin"

<< "Enter your choice: ";
cin >> choice;

/4 Set the numeric coutput formatting.
cout << fixed << showpoint << setprecision(2);

// Respond to the user's menu selection.
if (choice ADULT CHOICE)

{
cout << "For how many months? ";
cin >> months;
charges = months * ADULT;
cout =< "The total charges are $" << charges <=<
}
else if (choice == CHILD_ CHOICE)
{

cout << "For how many months? ";

endl;

lights

Reserved



cin >> months:
charges = months * CHILD;
cout << "The total charges are $" << charges << endl:;

}
else if (choice == SENIOR CHOICE)
{
cout << "For how many months? ";
cin >> months;
charges = months * SENIOR;
cout << "The total charges are $" << charges << endl;
}
else if (choice == QUIT CHOICE)
{
cout << "Program ending.\n":
}
else
{
cout << "The wvalid choices are 1 through 4. Run the\n"
<< "program again and select one of those.\n":
}

return 0:
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// This test scoring program does not accept test scores
// that are less than 0 or greater than 100.

#include <iostream>

using namespace std:

int main()

{
// Constants for grade thresholds
const int A SCORE = 90,

B SCORE = 80,
C SCORE = 70,
D SCORE = 60,

MIN SCORE = 0, // Minimum valid score
MAX SCORE = 100; // Maximum valid score

int testScore; // To hold a numeric test score

// Get the numeric test score.

cout << "Enter your numeric test score and I will\n"
<< "tell you the letter grade you earned: ":

cin >> testScore:



// Validate the input and determine the grade.
if (testScore >= MIN SCORE && testScore <= MAX SCORE)
{
// Determine the letter grade.
if (testScore >= A SCORE)
cout << "Your grade is A.\n":
else if (testScore >= B SCORE)
cout << "Your grade is B.\n";
else if (testScore >= C_SCORE)
cout << "Your grade is C.\n":
else if (testScore >= D SCORE)
cout << "Your grade is D.\n";
else
cout << "Your grade is F.\n":

}
else
{
// BAn invalid score was entered.
cout << "That is an invalid score. Run the program\n"
<< "again and enter a value in the range of\n"
<< MIN SCORE << " through " << MAX SCORE << ".\n";
}

return 0;



4.11

Validating User Input
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The Conditional Operator
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The Conditional Operator
3 s [flelse @) jle LAY adadin) (Say o

alad) JCEN

expr ? expr : expr;

xX<0 ? y=10 : z=20;

7 H_J\ T
First Expression: 2nd Expression: 3rd Expression:
Expression to be Executes if first Executes if the first
tested expression Is true expression is false
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The Conditional Operator

(P o Al il el e
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The Conditional Operator in Program 4-22

// This program calculates a consultant's charges at S50
// per hour, for a minimum of 5 hours. The ?: operator
// adjusts hours to 5 if less than 5 hours were worked.
$#include <iostream>

#include <iomanip>

using namespace std;

int main()

{
const double PAY RATE = 50.0; // Hourly pay rate
const int MIN HOURS = 5; // Minimum billable hours
double hours, // Hours worked
charges; // Total charges
// Get the hours worked.
cout << "How many hours were worked? ";
cin >> hours;
// Determine the hours to charge for.
hours = hours < MIN HOURS ? MIN HOURS : hours;
// Calculate and display the charges.
charges = PAY RATE * hours;
cout << fixed << showpolnt << sgetprecision(Z)
<< "The charges are $" << charges << endl:
return 0;
}
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switch 8 ke

The switch Statement
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The switch Statement

A gl Gl jle Bae s jle JLEAY AANE e

Gl e e Lage cVlall (ary A Lgaladinl (Say o
AF/else 1f
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switch s_ke Jsd
switch Statement Format

switch (expressiron) //integer (character variables and
literals are considered integers.)

{

case expl: statementl,
case exp2. statementZz,
case expn:. statementn,

default: statementn+1;

}
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The switch Statement in Program 4-23

Program 4-23

// The switch statement in this program tells the user something
// he or she already knows: the data just entered!

$#include <iostream>

using namespace std;

int main()

{
char choice;
cout << "Enter A, B, or C: ";
cin >> choice;
switch (cholce)
{
case 'A': cout << "You entered A.\n";
break;
case 'B': cout << "You entered B.\n";
break;
case 'C': cout << "You entered C.%\n";
break;
default: cout << "You did not enter A, B, or Cl!\n";
}
return 0;
}

Program Output with Example Input Shown in Bold

Enter A, B, or C: B [Enter]
You entered B.

Program Output with Example Input Shown in Bold

Enter A, B, or C: F[Enter]
You did not enter A, B, or C!
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switch Statement Requirements

| juand o) lagaia | et EXPression 3\ oS O 2 ()
www

8 ylaa f oxlad expn s expl Omladl) 5y K3 o) s (Y
constant integer expressions or 4l ‘b:.ma
switch 3_ke (8 (3)me) 32 8 85 O (2 s literals

e s S )Ll default Jdas (7
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switch Statement-How 1t Works

1) expressironis evaluated

2) The value of expressironis compared against
expl through expn.

3) If expressiron matches value expi, the

program branches to the statement following
expl and continues to the end of the switch

4) If no matching value is found, the program
branches to the statement after defaul t:
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break 3ULss
break Statement

SWitChSJ\gQQAEJ‘)AﬂeM °

If it Is left out, the program "falls through" the
remaining statements in the switch statement
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break and defaul t statements in Program 4-
2 5 Program 4-25

// This program is carefully constructed to use the "fall through"
// feature of the switch statement.

#include <iostream>

using namespace std:

int main()

{
int modelNum; // Model number
// Get a model number from the user.
cout << "Our TVs come in three models:\n";
cout << "The 100, 200, and 300. Which do you want? ";
cin >> modellNum;
// Display the model's features.
cout << "That model has the following features:\n";
switch (modelNum)
{
case 300: cout << "\tPicture-in-a-picture.\n";
case 200: cout << "\tStereo sound.\n";
case 100: cout << "\tRemote control.‘n":
break;
default: cout << "You can only choose the 100,";
cout << "200, or 300.\n";
}
return 0;
’ Continued...
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break and defaul t statements In
Program 4-25

Program Output with Example Input Shown in Bold
Our TVs come in three models:
The 100, 200, and 300. Which do you want? 100 [Enter]
That model has the following features:
Remote control.

Program Output with Example Input Shown in Bold
Our TVs come in three models:
The 100, 200, and 300. Which do you want? 200 [Enter]
That model has the following features:
Stereo sound.
Remote control.

Program Output with Example Input Shown in Bold
Our TVes come in three models:
The 100, 200, and 300. Which do you want? 300 [Enter]
That model has the following features:
Picture-in-a-picture.
Stereo sound.
Remote control.

Program Output with Example Input Shown in Bold

Our TVs come in three models:

The 100, 200, and 300. Which do you want? 500 [Enter]
That model has the following features:

You can only choose the 100, 200, or 300.
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Using switch in Menu Systems

« switch statement is a natural choice for
menu-driven program:

display the menu

then, get the user's menu selection

use user input as expression in switch
statement

use menu choices as exprin case statements
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More About Blocks and Scope
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More About Blocks and Scope
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Inner Block Variable Definition in Program 4-29

if (income >= MIN_ INCOME)

{

// Get the number of years at the current job.

cout << "How many years have you worked at "
<< "your current Job? ";

int years: // Variable definition

cin >> years:

if (years > MIN YEARS)
cout << "You qualify.\n":
else

{

cout << "You must have been employed forin"
<< "more than " << MIN_YEARS
<< " years to qualify.\n";
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Variables with the Same Name

« Variables defined inside { } have local or
block scope

 When inside a block within another block, can
define variables with the same name as In the
outer block.

— When in inner block, outer definition is not available
— Not a good idea
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Two Variables with the Same Name in Program 4-30

Program 4-30

// This program uses two variables with the name number.
#include <lostream>
using namespace std;

int main()

{

}

J/ Define a variable named number.
int mmamber:

cout << "Enter a number greater than 0: ";
cln => number:
if (number > 0)
{
1nt number: f/ Another variable named number.
cout =< "Now enter another number: ":
cin »>> number;
cout << "The second number you entered was "
<< number =< endl:;

}
cout << "¥Your first number was " << number << endl;

return 0;:

Program Output with Example Input Shown in Bold

Enter a number greater than 0: 2 [Enter]
Now enter another number: 7 [Enter]

The second number you entered was 7
Your first number was 2
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Copyright

This work is protected by United States copyright laws and is provided solely
for the use of instructions in teaching their courses and assessing student
learning. dissemination or sale of any part of this work (including on the
World Wide Web) will destroy the integrity of the work and is not permit-
ted. The work and materials from it should never be made available to
students except by instructors using the accompanying text in their
classes. All recipients of this work are expected to abide by these
restrictions and to honor the intended pedagogical purposes and the needs of
other instructors who rely on these materials.
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