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C

More on Expressions

Expressions as Statements

In C, expressions may be used as statements. Most commonly, this is
done with function calls or assignments.

Examples:

1 + 34;
c - 9;
a = 5;
printf ( "bar = %d\n" , bar );
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C

More on Assignments Assignment as Operator

Assignment as Operator

Assignmentis actually an operator in C. The result of the expression:

a = b

is b, with the side e�ect of assigning the value ofb to a. Assignment
takes place after other arithmetic.

Examples:

a = b = c = 1;
a = b = 2 * (c = 5);
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C

More on Assignments Short-cut assignments

Short-cut Assignments

\Short cut" assignment
operators combine an
operation with an assignment.

a += b a = a + b
a -= b a = a - b
a *= b a = a * b
a /= b a = a / b
a %= b a = a % b

For instance, instead of writing:

a = a + 1;

you could write

a += 1;
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Increment and Decrement Post�x operators

Post�x Increment and Decrement

Post�x increment and decrement operators return the originalvalue
of the variable, then increment or decrement the variable.

int a , b;
a = b = 10;
printf ( "%d\n" , a++); /* Prints 10 */
printf ( "%d\n" , a ); /* Prints 11 */
printf ( "%d\n" , b - -); /* Prints 10 */
printf ( "%d\n" , b ); /* Prints 9 */
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C

Increment and Decrement Pre�x operators

Pre�x Increment and Decrement

Pre�x increment and decrement operators increment or decrement
the variable, then return its resulting value.

int a , b;
a = b = 10;
printf ( "%d\n" , ++a); /* Prints 11 */
printf ( "%d\n" , a ); /* Prints 11 */
printf ( "%d\n" , --b ); /* Prints 9 */
printf ( "%d\n" , b ); /* Prints 9 */

Remember: If the++ comesbeforethe variable, it incrementsbefore
determining the result.
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Iteration with while

Iteration

Iteration is repeating the same statements in a program. Sometimes
this is calledlooping. Recall:

/* Previous statements */
while ( expression ) statement
/* Fol lowing statements */

The while statement executesstatement as long asexpression is
true. The expression is tested beforestatement is ever executed.
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Iteration with while Example: Grade average

Example: Grade average

We would like a program to average a set of grades.
Algorithm notes:

I We need arunning sumof grades, and arunning countof how many
grades have been read so far.

I We need to read until we get asentinelvalue | let's use a negative
grade to indicate we are done.

I Need to be sure we print prompts.
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Iteration with while Example: Grade average

Flowchart: Grade Average

start

Initialize

Get grade

grade >= 0.0? sum += grade

Print (sum/gradeCount) ++gradeCount

Get grade

end

Yes

No
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Iteration with while Example: Grade average

Grade Average andwhile

Program:sentinel.c

# include <stdio .h>

int main ()
{

f loat grade , sum = 0.0;
int gradeCount = 0;
printf ( " Enter grade : " );
scanf ( "%g", & grade );
while ( grade >= 0.0) {

sum += grade ;
++ gradeCount ;
printf ( " Enter grade : " );
scanf ( "%g", & grade );

}
printf ( " Average : %g\n" ,

sum/ gradeCount );

return 0;
}

start

Initialize

Get grade

grade >= 0.0? sum += grade

Print (sum/gradeCount) ++gradeCount

Get grade

end

Yes

No

Results
Enter grade: 10
Enter grade: 90
Enter grade: -1
Average: 50
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C

Iteration with while Example: Grade average

Grade Average andwhile

Program:sentinel.c

# include <stdio .h>

int main ()
{

f loat grade , sum = 0.0;
int gradeCount = 0;
printf ( " Enter grade : " );
scanf ( "%g", & grade );
while ( grade >= 0.0) {

sum += grade ;
++ gradeCount ;
printf ( " Enter grade : " );
scanf ( "%g", & grade );

}
printf ( " Average : %g\n" ,

sum/ gradeCount );

return 0;
}

start

Initialize

Get grade

grade >= 0.0? sum += grade

Print (sum/gradeCount) ++gradeCount

Get grade

end

Yes

No

Results
Enter grade: -1
Average: nan
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C

Iteration with do . . . while

The do . . . while Statement

Sometimes instead of testing awhile condition before executing
statements, you want to always execute those statements at least
once.

The do...while statement can be used.

/* Previous statements */
do statement while ( expression );
/* Fol lowing statements */

This will executestatement . Then, repeatedly test ifexpression
is true; if so, loop again.
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Iteration with do . . . while Example: Average grades of multiple classes

Example: Average grades of multiple classes

We would like a program to compute the average grade of each of aset of
classes.

For each class, operate just like our previous grade averageprogram.
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C

Iteration with do . . . while Example: Average grades of multiple classes

Example: Average grades of multiple classes

We would like a program to compute the average grade of each of aset of
classes.

For each class, operate just like our previous grade averageprogram.

Need to be careful that the average grade for each class is computed
independently of other classes!
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C

Iteration with do . . . while Example: Average grades of multiple classes

Example: Average grades of multiple classes

We would like a program to compute the average grade of each of aset of
classes.

For each class, operate just like our previous grade averageprogram.

Need to be careful that the average grade for each class is computed
independently of other classes!

After computing the average for a class, need to see if there is
another class.
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Iteration with do . . . while Example: Average grades of multiple classes

Flowchart: Grade Several Classes

start

sum = gradeCount = 0

Get grade

grade >= 0.0? sum += grade

Print (sum/gradeCount) ++gradeCount

Ask if more Get grade

More?

end

Yes

No

No

Yes
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Iteration with do . . . while Example: Average grades of multiple classes

Code: Grade Several Classes

Program:sentineldw.c

# include <stdio .h>

int main () {
f loat grade , sum;
int gradeCount ;
int another ;
do {

sum = gradeCount = 0;
printf ( " Enter grade : " );
scanf ( "%g", & grade );
while ( grade >= 0.0) {

sum += grade ;
++ gradeCount ;
printf ( " Enter grade : " );
scanf ( "%g", & grade );

}
printf ( " Average : %g\n\n" ,

sum/ gradeCount );
printf ( " Another class : " );
scanf ( "%d", & another );

} while ( another != 0);

return 0;
}

start

sum = gradeCount = 0

Get grade

grade >= 0.0? sum += grade

Print (sum/gradeCount) ++gradeCount

Ask if more Get grade

More?

end

Yes

No

No

Yes
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Iteration with do . . . while Example: Average grades of multiple classes

Example:do . . . while

Program:sentineldw.c

# include <stdio .h>

int main () {
f loat grade , sum;
int gradeCount ;
int another ;
do {

sum = gradeCount = 0;
printf ( " Enter grade : " );
scanf ( "%g", & grade );
while ( grade >= 0.0) {

sum += grade ;
++ gradeCount ;
printf ( " Enter grade : " );
scanf ( "%g", & grade );

}
printf ( " Average : %g\n\n" ,

sum/ gradeCount );
printf ( " Another class : " );
scanf ( "%d", & another );

} while ( another != 0);

return 0;
}

Results
Enter grade: 10
Enter grade: 90
Enter grade: -1
Average: 50

Another class: 1
Enter grade: 99
Enter grade: 93
Enter grade: -1
Average: 96

Another class: 0
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Control variables Computing n!

Computingn!
Problem: computen! using a loop.

\Counter" variable, i , ranging from
1 to n.

Running productf , tracking i !.

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes
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Control variables Computing n!

n! usingwhile

/* n! using while . */
# include <stdio .h>

int main () {
int i , n , f ;

pr intf ( " Enter n: " );
scanf ( "%d", &n);

f = 1; /* 0! */
i = 1;
while ( i <= n) {

f *= i ; /* Now , f = i ! */
++ i ;

}
printf ( "%d! = %d\n", n , f );
return 0;

}

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes

Results
Enter n: 4
4! = 24

Results
Enter n: 0
0! = 1
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Control variables Identifying control variables

Control variables

It is common to have acontrol
variableassociated with a loop:

1 It is given aninitial valuebefore
the loop.

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes
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C

Control variables Identifying control variables

Control variables

It is common to have acontrol
variableassociated with a loop:

1 It is given aninitial valuebefore
the loop.

2 It is tested by a condition at the
start of the loop.

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes
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Control variables Identifying control variables

Control variables

It is common to have acontrol
variableassociated with a loop:

1 It is given aninitial valuebefore
the loop.

2 It is tested by a condition at the
start of the loop.

3 It is updated to a new value
within the body of the loop.

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes
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C

Control variables Identifying control variables

Control variables

It is common to have acontrol
variableassociated with a loop:

1 It is given aninitial valuebefore
the loop.

2 It is tested by a condition at the
start of the loop.

3 It is updated to a new value
within the body of the loop.

It is common for the control
variable to step from a starting
value to an ending value, stepping
through intermediate values (like
computingn!). Often called a
counteror indexvariable.

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes
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Iteration with for

The for Loop

The for statement is commonly used when there is a control variable
associated with the loop.

The for statement �rst evaluatesinitExpr . Then, as long as
testExpr is true, executestatement . After each timestatement
is executed, evaluatestepExpr .

/* Previous statements */
for ( initExpr ; testExpr ; stepExpr ) statement
/* Fol lowing statements */

Example:

int i ;
for ( i = 1; i < 10; i += 2) {

printf ( "%d\n" , i );
}
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Iteration with for Example: n! using for

n! usingfor

Program:fact2.c

/* n ! using for . */

# include <stdio .h>

int
main ()
{

int i , n , f ;

pr intf ( " Enter n: " );
scanf ( "%d", &n);

f = 1; /* 0! */
for ( i = 1; i <= n; ++ i ) {

f *= i ; /* Now , f = i ! */
}
printf ( "%d! = %d\n" , n , f );
return 0;

}

start

Get n

f = 1

i = 1

i <= n ?

Print n, f f *= i

i=i+1

end

No
Yes

Results
Enter n: 4
4! = 24

Results
Enter n: 0
0! = 1
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break and continue The break statement

The break Statement

Sometimes we want to end a loop in the middle. Usebreak to
immediately end the innermost loop.

The break may occur in any ofwhile , do...while , or for .
Example: We want a program to determine if a number isprime.

I Algorithm: Repeatedly try numbers until we get a factor, or run out of
numbers.
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break and continue Example: Prime numbers

Prime numbers andbreak

start

Get n

i = 2

i < n

n % i == 0

++i

n == i

n is not prime n is prime

end

Yes

No

Yes

Yes

No

Results
Enter n: 9997
9997 is not prime (divisible by 13)

Program:prime.c

/* Test for prime - ness */

# include <stdio .h>

int
main ()
{

int i , n ;
printf ( " Enter n: " );
scanf ( "%d", &n);
for ( i = 2; i < n; ++ i) {

if (n % i == 0) break ;
}
if ( i == n) {

printf ( "%d is prime .\n" , n );
} else {

printf ( "%d is not prime ( divis ible by %d)\n" ,
n , i );

}
return 0;

}
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break and continue Example: Summing primes

Summing Primes

Problem: Add all prime numbers
less than a limit.

start

Get limit

sum = 0

n = 2 ++n

n <= limit ?

Print sum Is n prime?

sum += n

end

No

Yes

No

Yes

Program:primesum.c

/* Sum up primes . */

# include <stdio .h>

int
main ()
{

int i , n , limit , sum = 0;

printf ( " Enter l imit : " );
scanf ( "%d", & limit );

for (n = 2; n <= limit ; ++n) {

/* Test if 'n ' is pr ime . */
for ( i = 2; i < n; ++ i) {

if (n % i == 0) break ;
}
if ( i == n) sum += n;

}

printf ( "Sum of primes <= %d is %d\n" ,
limit , sum );

return 0;
}
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break and continue Nested loops

Nesting Loops

Program:primesum.c

/* Sum up primes . */

# include <stdio .h>

int
main ()
{

int i , n , limit , sum = 0;

printf ( " Enter l imit : " );
scanf ( "%d", & limit );

for (n = 2; n <= limit ; ++n) {

/* Test if 'n ' is pr ime . */
for ( i = 2; i < n; ++ i) {

if (n % i == 0) break ;
}
if ( i == n) sum += n;

}

printf ( "Sum of primes <= %d is %d\n" ,
limit , sum );

return 0;
}

All loop types can benested.

The break statement only
terminates the loop immediately
containing it.

In this example,break will only
terminate the loop with the
control variablei .

Results
Enter limit: 1000
Sum of primes <= 1000 is 76127
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break and continue The continue statement

The continue Statement

The continue statement restarts a loop.
I In a while or do while loop, the test runs.
I In a for loop, the increment expression runs, then the test.

Problem: List prime numbers whose \reverse" are also prime.
For example, 13 and its reverse, 31.
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break and continue The continue statement

Primes and Reverses

start

Get limit

n = 2

++n

n <= limit ?

Is n prime?

r = reverse(n)

Is r prime?

Print n, r

end

Yes

No

Yes

No

Yes

No

/* Test n , reverse (n) for pr imeness . */
# include <stdio .h>
int reverse ( int n );

int main () {
int i , l imit , n , r ;
printf ( " Enter l imit : " );
scanf ( "%d", & limit );
for (n = 2; n <= limit ; ++n) {

/* Test if 'n ' is pr ime . */
for ( i = 2; i < n; ++ i) {

if (n % i == 0) break ;
}
if ( i != n) cont inue ; /* Not prime */

r = reverse (n );

/* Test if ' r ' is pr ime . */
for ( i = 2; i < r ; ++ i) {

if ( r % i == 0) break ;
}
if ( i != r) cont inue ; /* Not prime */

printf ( "%d and %d are prime .\n" ,
n , r );

}
return 0;

}
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break and continue The continue statement

Usingcontinue

/* Test n , reverse (n) for pr imeness . */
# include <stdio .h>
int reverse ( int n );

int main () {
int i , l imit , n , r ;
printf ( " Enter l imit : " );
scanf ( "%d", & limit );
for (n = 2; n <= limit ; ++n) {

/* Test if 'n ' is pr ime . */
for ( i = 2; i < n; ++ i) {

if (n % i == 0) break ;
}
if ( i != n) cont inue ; /* Not prime */

r = reverse (n );

/* Test if ' r ' is pr ime . */
for ( i = 2; i < r ; ++ i) {

if ( r % i == 0) break ;
}
if ( i != r) cont inue ; /* Not prime */

printf ( "%d and %d are prime .\n" ,
n , r );

}
return 0;

}

Results
Enter limit: 100
2 and 2 are prime.
3 and 3 are prime.
5 and 5 are prime.
7 and 7 are prime.
11 and 11 are prime.
13 and 31 are prime.
17 and 71 are prime.
31 and 13 are prime.
37 and 73 are prime.
71 and 17 are prime.
73 and 37 are prime.
79 and 97 are prime.
97 and 79 are prime.
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