
Lecture 10

Daily Puzzle

• Imagine there is a ditch, 10 feet wide, which is 
far too wide to jump. Using only eight narrow 
planks, each no more than 9 feet long, 
construct a bridge across the ditch.



Daily Puzzle

Announcements

• Assignment grading
- schedule for booking appointments is open 
now for booking
- mark deductions for missing appointment or 
failing to make one

• Assignment submission
- late submissions are the same as not 
submitting = 0



Announcements

• Voting 
- https://studentlife.uoguelph.ca/cegc/civic-
engagement/get-out-and-vote
- 3.6M people have voted = 14% of eligible 
voters.

• SAS students needing extra time for lab exam
- contact instructor by Tuesday at 5:30 pm.  
- late requests cannot be accommodated.

Announcements

Voter turn-out, 2011 by age



Announcements

• Someone left their pi in care of TA last week.  
Owner should contact 
cis1500@socs.uoguelph.ca with details about 
where/when it was left and then can arrange 
for picking it up.

What is a loop?



What is a loop?

What is a loop?

• A loop allows a program to repeat a group of 
statements any number of times, or until some 
loop condition occurs.

• The loop body contains the statements to be 
repeated.



What is a loop?

• Commonly known as iterative or repetition 
statements:

! for
! while
! do-while

What is a loop?

Know how many
times to repeat? Use a conditional loop

no

yes

Any steps
repeated?

Use a counting loop

No loop required
no

yes



What is a loop?

• Counting loops are used when it can be 
determined before loop execution how many 
loop repetitions will be needed.

What is a loop?

• Conditional loops are used when a loop 
should be repeated until a desired condition 
is met.



for

• Situations in which the number of passes 
through the loop is known in advance are 
often best dealt with using a for loop. 

for

• The general form of a for statement is

for (expr1; expr2; expr3) 
    statement;



for

• expr1 is used to initialize some parameter 
(called a control variable, or index) that 
controls the looping action.

• expr2 represents a condition that must be 
true for the loop to continue execution.

• expr3 is used to modify the value of the 
control variable initially assigned by expr1 . 

code without loops

• Sum the first eight odd numbers:

int sum = 0;
sum = sum + 1;
sum = sum + 3;
sum = sum + 5;
sum = sum + 7;
sum = sum + 9;
sum = sum + 11;
sum = sum + 13;
sum = sum + 15;



code with loops

• Sum the first eight odd numbers:

int i, sum = 0;
for (i=1; i<=15; i=i+2)
    sum = sum + i;

for

is the 
condition true?

initialize
loop index

modify indexloop body



for

 

 for (i = 1; i <= n; i = i + 1) 
   

for keyword control variable i 

initial value of control variable

loop-continuation condition

increment of control variable

final value of control variable
for which the condition is true

for

i <= n?

i=1;

i = i + 1loop body



for

i = 2

statement1
statement2

⇓
statementn

i <= 4

i = 1

i = 3

statement1
statement2

⇓
statementn

i <= 4

i = 4

statement1
statement2

⇓
statementn

i <= 4

i = 5

statement1
statement2

⇓
statementn

i <= 4

i <= 4

condition
false

exit loop

• If the logical expression, expr2 is not present, 
it is taken as permanently true, so

for (;;) 
{
…

}

is an “infinite” loop.



• Theoretically if you don’t know how many 
times a loop will repeat you COULD use an 
infinite loop - but it’s not good programming 
practice.

• Sometimes infinite loops are caused by an 
unexpected behavior in some loop 
terminating condition.

    float x = 0.1;
    
    while (x != 1.1) {
        printf("x = %f\n", x);
        x = x + 0.1;
    }



    float x = 0.1;
    
    while (x != 1.1) {
        printf("x = %f\n", x);
        x = x + 0.1;
    }

the loop terminating condition
tests for exact equality of two 
floating point numbers

many computers will make this 
test fail

• Sometimes rather than an infinite loop, there 
is an impossible termination condition.

    unsigned short i;

    for (i = 1; i != 0; i=i+1) {
        printf("%hu\n", i);
    }



    unsigned short i;

    for (i = 1; i != 0; i=i+1) {
        printf("%hu\n", i);
    }

this loop *appears* to go on forever, 
however - it will eventually hit the short 
maximum of 65535 - adding 1 will wrap-
around to zero, breaking the loop.

for

• The expressions:

i = i + 1
i += 1
++i
i++

are all equivalent in incrementing the value of 
i by 1.



for

• The value of expr3 may increment or 
decrement the variable. 

• If expr3 is negative, the loop actually counts 
downwards.

• For example:

for (i = n; i >= 0; i--) 
    statement;

for

• The initialization, loop-continuation condition 
and control-variable modification can contain 
arithmetic expressions.

• For example:

for (i=n; i<=n*j; i=i+1) 
    statement;



for

• Vary the control variable from i to 100 in 
increments of 1:

 for (i=1; i<=100; i=i+1)

• Vary the control variable from 100 to i in 
increments of –1 (decrements of i):

 for (i=100; i>=1; i=i-1)

for

• Vary the control variable for 3 to 33 in 
increments of 3.

 for (i=3; i<=33; i=i+3)

• Vary the control variable from 20 to 2 in steps 
of -2.

 for (i=20; i>=2; i=i-2)



for

• Can you change the value of the counter 
variable in the body of a for loop?

Yes, but the practice is not recommended.

for

• A counter variable is used to control the loop, 
so its value should be changed in the 
modification expression, not in the loop body.

• The following loop is “correct”, but would 
cause an infinite loop:

 for (k=1; k<3; k=k+1) 

 !     k=1;



for & sums

• Consider the equation to calculate the mean 
of n numbers:

• It involves summing up the values of xi from 
i=1 to n, then dividing this total sum by n.

for & sums

int n = 10;
double sum = 0.0, mean;

int num[]= {2,3,5,7,9,11,13,17,19,23};

for (i = 0; i < 10; i = i+1)
    sum = sum + num[i];

mean = sum / n;



nesting

• Loops, like decision statements can be 
nested.

nesting

• Nested means that there is a loop within a 
loop. 

• A nested loop is executed, essentially, from 
the inside out.



nesting

• Each loop is like a layer and has its own 
counter variable, its own loop expression and 
its own loop body.

• In a nested loop, for each value of the 
outermost counter variable, the complete 
inner loop will be executed once.

nesting

• Can you deduce how many times a nested 
loop is executed?
 
for (i = 1; i <= 4; i=i+1)
{
    for (j = 1; j <= 5; j=j+2)
    {
        k = i + j;
        printf(“i=%d, j=%d, k=%d”, i, j, k);
    }
}



nesting

for (i = 1; i <= 4; i=i+1)
{
    for (j = 1; j <= 5; j=j+2)
    {
        k = i + j;
        printf(“i=%d, j=%d, k=%d”, i, j, k);
    }
}

outer loop executed 4 times, i = 1, 2, 3, 4

inner loop executed 3 times, j = 1, 3, 5

TOTAL = 4 x 3 = 12

nesting

! i=1, j=1, k=2
! i=1, j=3, k=4
! i=1, j=5, k=6
! i=2, j=1, k=3
! i=2, j=3, k=5
! i=2, j=5, k=7
! i=3, j=1, k=4
! i=3, j=3, k=6
! i=3, j=5, k=8
! i=4, j=1, k=5
! i=4, j=3, k=7
! i=4, j=5, k=9

the output



nesting

• How to create a matrix of values?
 
for (i = 1; i <= 10; i=i+1)
{
    for (j = 1; j <= 10; j=j+1)
        printf(“%d ”, i*10+j);
    printf(“\n”);
}

nesting

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100

outer loop
does the rows

inner loop
does the columns



nesting

for

for

for

for

for

for

for

for

for

for

for

...and about another billion combinations

while

• Situations in which the number of passes 
through the loop is not known in advance are 
often best dealt with using a while 
statement. 



while

• The general form of a while statement is:

while (expr) 

    statement;

where expr represents a condition that must 
be true for the loop to continue execution.

while

• The statement is executed repeatedly, as long 
as the expression is true (i.e., as long as expr 
evaluates to non-zero). 

• The cycle continues until expr becomes zero, 
at which point execution resumes after loop.



while

• The loop can be either simple or compound.

   while (expr) 
   {
       statement1;
       statement2;
       ...
       statementn;
   }

while

• Of course, the statement must include some 
feature that eventually alters the value of a 
variable in expr, thus providing an escape 
mechanism from the loop. 

• This is not done automatically (like in a for 
loop).



while

• When a loop is constructed using a while 
statement, the test for the continuation of the 
loop is carried out at the beginning of each 
pass.

   i = 1;
!! while (i <= 4) 

!! {

       printf(“%d”, i);

       i = i + 1;

!! }

loop
control
variable

initial value pre-loop

loop condition
- loop only activates 

if this is true

loop body
- what the loop does

modification of loop
control variable

while



while

is the 
condition true?

i <= 4

initialize
loop index

i = 1;

modify index
i = i + 1;

loop body
printf(“%d”, i);

true

false

while

• If a while loop’s test expression is false 
initially, the while loop will never be 
activated.



while

• What is the meaning of while(i):

while (i)
    statement;

• It means that while the variable i is not equal 
to 0 (is true), then the body of the loop is 
executed.

nested while

• while loops, can be nested.

while (expr1) 
{
    loop_body_1a

    while (expr2)
    {
        loop_body_2
    }

    loop_body_1b
}



for = while

for(expr1; expr2; expr3)
    statement;

expr1;
while(expr2){
    statement;
    expr3;
}

is equivalent to

do-while

• When a loop is constructed using a while 
statement, the test for the continuation of the 
loop is carried out at the beginning of each 
pass.



do-while

• Sometimes however, it is desirable to have a 
loop where the test for continuation takes 
place at the end of each pass. 

• This can be accomplished by means of a 
do-while loop.

do-while

• The general form of a do-while statement is:

do
    statement;
while (expr);

• where expr represents a condition that must 
be true for the loop to continue execution. 



do-while

• The statement is executed repeatedly, as long 
as expr is true. 

• Note, however, that the statement is always 
executed at least once, since the test for 
repetition does not take place until the end of 
the first pass through the loop.

do-while

• The statement can be either simple or 
compound, and should, of course, include 
some feature that eventually alters the value 
of the expression.



do-while

    do

    {

        statement1;

        statement2;

        ...

        statementn;

    } while (expr);

do-while

is the 
condition true?

i <= 4

initialize
loop index

i = 1;

modify index
i = i + 1;

loop body
printf(“%d”, i);

false

true



while VS. do-while

• What are the differences between while and 
do-while loops?

• While loops and do-while loops are similar.

while VS. do-while

• The difference between the two loops is that, 
in the while loop, the expression is tested 
first, and, if the expression result is false, the 
loop body is not executed.



while VS. do-while

• However, in the do-while loop, the loop 
body is always executed once. After that, the 
expression is tested; if the test result is false, 
the loop body is not executed again.

break

• The break statement causes an exit from the 
innermost enclosing loop.

• The general form of a break statement is:

break;

• It provides an early exit from for, while, and 
do-while loops (and the switch statement).



break

    while (expr) 

    {

        statements

        break;

        more_statements

    }

break

double x;

while (1) 

{

    scanf(“%lf”, &x);

    if (x > 0.0)

        break;

}

// break jumps to here

printf(“%f\n”, sqrt(x));

☒implied infinite loop

☒not the best 
use of break



break

double x;

int true=1;

while (true) 

{

    scanf(“%lf”, &x);

    if (x > 0.0)

        true = 0;

}

printf(“%f\n”, sqrt(x));

continue

• The continue statement causes the current 
iteration of a loop to stop and the next 
iteration to begin immediately.

• The general form of a continue statement is:

continue;

• It applies only to loops, not to switch.



continue

    while (expr) 

    {

        statements

        continue;

        more_statements

    }

continue

double x, sum;

int count, n=10;

while (count < n) 

{

    scanf(“%lf”, &x);

    if (x > -0.01 && x < 0.01)

        continue;

    count = count + 1;

    sum = sum + x;

    /* continue jumps to here to begin next 
     iteration */

}

printf(“%f\n”, sum); 



real loop counters

• Because floating-point values may be 
approximate, controlling counting loops with 
floating-point variables may result in imprecise 
counter values and inaccurate tests for 
termination.

• Control counting loops with integer values.

real loop counters

• Does the loop stop when count is 1.0?

 double count;
!count = 0.0;
!while (count != 1.0)
!{
!    count = count + 1.0/3.0;
!    printf(“%f \n”, count);
!}


