Chapter 5

Loop Structure

Objectives:

 Loop structure

» While, for, and do/while loop structures
 Nested loops

» EXercises
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5. Loop Structures

e Most algorithms require repetition structures in order to execute one
or more instructions a certain number of times.
e A loop can be:
— a definite repetition loop if we know in advance the number of
repetitions, or
— an indefinite repetition loop iIf we do not know In advance the
number of repetitions.
e The number of repetitions,
— In a definite repetition loop is controlled by a counter (usually an
Integer variable),
— whereas the number of repetitions in an indefinite repetition loop
Is controlled by a sentinel (usually an integer variable).
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5.1 Loop structure expressed in pseudo-code

e A logical expression is evaluated repeatedly and as long as the logical expression is
TRUE, an instruction bloc is executed.

Repeat while logical expression
Instruction bloc that is executed while logical _expression is TRUE
OR
Repeat
Instruction bloc that is executed while logical expression is TRUE
While logical expression

— In pseudo-code, all instructions at the same level of indentation constitutes an
Instruction bloc

— Important: the instruction bloc must modify one or more variables in the
logical _expresssion. If not, what will be the consequence?

e Nested loop structures
— The loop structure is considered a single instruction

— So It is possible to include another loop structure as part of the set of
Instructions within a loop structure
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Example of the definite repetition loop

Program Memory Working

Memory

ctr
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Example of the indefinite repetition loop

Program Memory Working

Memory

sentinel
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Example of the indefinite repetition loop (V2)

e \What are the differences with the first version?

Program Memory Working

Memory

sentinel
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Example of a nested loop

Program Memory

Working
Memory

num

factorial
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5.2 Loop Structures in C

e There exists in C three repetition structures:
—the while structure,

—the do/while structure, and
—the for structure.
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5.3 while Repetition Structure

e Allows the execution of one or more C commands while a logical expression remains true.
e Syntax for repeating a single C command:
while (logical expression)
command; s The C instruction directly below
e Syntax for repeating multiple C comman

, , , the while () isexecuted as
thle (loglca% expression) long as logical expression

remains true.

Careful: there is no ; here.

command 1;

f:ommand 2; ‘\ The C instruction block directly
: below the while () IS executed
command nj; aslongas logical expression

} _ ) remains true.
e The while structure is a pre-tested loop.

> Itis possible that the commands in the loop are never executed.
e |tisvery good practice to indent the instructions in the instruction block of a
while loop in order to help visualize the structure of the program. Using { } to

Include a single command in a while loop is possible and can also help clarify
the code.
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e Flowchart of the whi1e structure for repeating a single command:

(O

True

command;

A 4

False
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e Operation of a whi le structure in a program:

Program execution flows to the
while structure and the

— > while (logical expression) — _
True { logical expression IS
tested. If true the commands
! command 1; False between the {} are executed and
command 2; the logical expressionis
} again tested. If false, program

D execution continues after the }

e The commands in a while structure must modify at least one variable in the logical
expression; otherwise, an infinite loop results.

e When an infinite loop occurs, the user must usually interrupt the program. The mechanism
for program interruption is machine dependant.

— PC’s running Windows: Simultaneously press the keys Ctrl Alt Del to invoke the
task manager, select the task to end (YourProgName . exe) and click on End Task.

— PC’s running Windows: Click with the right mouse button on the Windows task bar
(bottom of the screen) to evoke the task manager and end the task, as above.

— PC’s and Workstations running UNIX: type Ctr1 c simultaneously in the window
where the program is executing.
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e Example of a definite repetition loop using the whi 1e structure:
int ctr;
ctr = 1;
while (ctr <= 10)
{

printf (“Iteration number: %d\n”, ctr);

ctr++;

e Example of an indefinite repetition loop using the whi 1e structure:
int sentinel;
sentinel = 1;
while (sentinel != -1)

{

printf (“Enter -1 to exit the loop\n”);

scanf (“%d”, &sentinel);
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Exercise 1

e Step 1: Statement of the problem

— Generate a table that gives two columns, the first column contains values in
degrees, from 0 to 360 degrees, and the second column contains the
corresponding value in radians. The table should contain 37 entries.

e Step 2: Gathering of information and Input/Output Description

— Radians can be computed from degrees using
radians = nw*degrees/180, where = = 3.141593

— To produce 37 entries, need to increment degrees from 0 to 360 in increments
of 10 degrees

— Input: none
— Output: table of conversion

e Complete Steps 3 and 4.
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exl.c

On Screen

B D:\UofO\Courses\GNG1506\Fall... _ | ﬂ

Degrees Radians

melolelelalel
. 174533
. 349066
.523599
.698132
.8T72665
.047198
221731
.396264
.570796
. TH5329
.919862
. 094395
.268928
CH43461
.617994
. T92527
.967060
. 141593
.316126
. 490659
.665192
.839725
.014258
. 188791
.363324
.537857
. 712389
.886922
.061455
.235988
.410522
. 585054
. 759587
.934120
. 108653
.283186

10
20
30
40
50
G0
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
Press any

o EEEFEFEELEITWRWWRWWONNNNNNS = =2 222000000

|

key to continue

o2

i
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Exercise 2

/**********************************************

ex2.c: To get out of an infinite loop.
**********************************************/

# include <stdio.h>

volid main ()

HOW TO GET OUT OF AN INFINITE LOOP:

PC running Windows 95: Simultaneously press the keys Ctrl Alt Del to
evoke the task manager, select the task to end (usually filename.exe)
and click on End Task. PC running Windows NT: Click with the right
mouse button on the Windows task bar (bottom of the screen) to evoke
the task manager and end the task, as above. PC’s and Workstations
running UNIX: type Ctrl c¢ simultaneously in the window where the
program is executing.

/* Obviously, an infinite loop:*/
while (1)
printf ("Infinite loop.\n");

GNG1106-M05-15
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5.4 do/while Repetition Structure

e The do/while repetition structure is similar to the whi 1e structure except that it is a
post-tested loop.

2 The commands in the loop are always executed at least once.
e Syntax for repeating a single C command:

do <« / Careful: there is no ; here.
command; « The C command between the do
while (logical expression):; and while () isrepeated as
e Syntax for repeating many C commands: longas logical expression
do - remains true.

{

command 1; X The C instruction block between

command 2; / the doand while () isrepeated

aslongas logical expression

command n: remains true.

J )
while (logical expression) ;<. Careful:thereisa ; here.
e Do not forget indentation.

Fall 2011
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e Flowchart of the do/whi 1e structure for repeating a single command:

(O

l

do

l

command;

True

while ( )

False
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e Operation of a do/while structure in a program:

: Program execution flows into the
+ do do/whi le structure, performing
{ at least once the commands
betweenthe {}.The logical

! command 1; expression is then tested and if
command 2; true, execution returns to the do
} statement and the commands

between the {} are repeated.
When logical expression

False becomes false, program execution
continues after the while () ;

while (logical expression); —|

‘True .
Ly

e The commands in a do/while structure must modify at least one variable in the logical
expression; otherwise, an infinite loop results.

e Itis possible to break out of an infinite do/while loop in the same manner as in the case
of an infinite while loop.

GNG1106-M05-18
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e Example of a definite repetition loop using the do/whi 1e structure:

int ctr;
ctr = 1;
do

{

printf (“Iteration %d\n”, ctr);
ctr++;

}
while (ctr <= 10);

e Example of an indefinite repetition loop using the do/whi le structure:
int sentinel;
sentinel = 1;
do

{
printf (“Enter -1 to exit the loop\n”);

scanf (“"%d”, &sentinel);

}

while (sentinel != -1);

GNG1106-M05-19
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Exercise 3 G]] }

Band name: 1 2 M T
e Step 1: Statement of the problem

— Develop software that translates the value of the color code on a electrical resistor
bands to its numerical value. Present the colors to the user in a menu to allow the color
selection from the menu.

e Step 2: Gathering of Information and Input/Output Description
— Colors found on resistors and corresponding values are:

Black  Brown Red Orange Yellow Green Blue Violet  Gray White

0 1 2 3 4 5 6 7 8 9
— Input: a selection of one of the colors from the menu:
1) Black
2) Brown
3) Red

— Output: the corresponding value for the color.
e Complete Steps 3 and 4
— Use a loop to check the value entered by the user.
— Consider both forms of the loop structure (i.e. Repeat and Repeat/while).

Fall 2011 GNG1106-M05-20
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ex3.c

BN D:\UofO\Courses\GNG1506\Fall2008\GNG...

NEE

1)
2)
3)
4)
5)
6)
7)
8)
9)

Black
Brown
Red
Orange
Yellow
Green
Blue
Uiolet
Gray

10) White
Please select a band color (1-10):
The selection
Please select a band color (1-10):
The selection
Please select a band color (1-10):
The selection
Please select a band color (1-10):
The selection
Please select a band color (1-10):
The value of the selected color is 3

Press any key to continue .
|

-1 1s not valid
11 1s not valid
-300 is not wvalid

1000 is not valid

11

-300

1000

Y

.
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5.5 for Repetition Structure

e The for looping structure is a definite repetition structure that makes use of a counter.

e Syntax to repeat a single C command: Careful: there is no ; here.
for (expression 1; expression 2; expression 3) +———

command; T T

e Syntax to repeat a multiple C commands:

for (expression 1; expression 2; expression 3) «

{ t t Careful; there are ; here.

command 1;

command 2;

command n;

}

e The three expressions in the for loop have the following role:
— expression 1 Isan arithmetic expression that initializes the counter,
— expression 2 Isalogical expression that tests the counter against its final value,
— expression 3 Isan arithmetic expression that modifies the value of the counter.
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Flowchart of the for repetition structure for repeating a single command:

expression 3;

expression 1; Counter
b / Initialization
True
expr. 2; > command;
Logical

expression that
tests the counter
against its final
value

False

O

Counter
Modification
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e Operation of a for structure in a program:

|—l | " . ) |

for (expression 1; expression 2; expression 3)

| A

{ True False
command 1; v

command 2;

}
gl
A Program execution flows first into expression 1 which is evaluated once to
initialize the loop counter.
B expression 2 isthen evaluated; recall that it is a logical expression containing the
loop counter;
D if expression 2 evaluates to false, then the commands between the {} are skipped
and the program continues to execute after the loop;

E if expression 2 evaluatesto true, then the commands between the {} are executed
and expression 3 isevaluated to modify the value of the counter;

F back to step B.

GNG1106-M05-24
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e The for structure iIs a pre-tested loop.

> It is possible that the commands in the loop are never executed.

e It is very good practice to indent the instructions in the loop in order
to help visualize the structure of the program. Using { } to include a

single command in a for loop is possible and can also help clarify
the code.

e Example of a repetition loop using a for structure:
int ctr;
for (ctr=1l; ctr<=10; ctr++)

printf (“Iteration %d\n”, ctr);
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Exercise 4

e Step 1: Problem Statement

— Calculate the value of & using the Gregory-Liebniz series shown below . The
user determines the number of terms used to compute =.

4
T=4——+—-——=+———+—+...
3 5 7 9 11 13
e Step 2: Collection of Information and Input/Output Description

— The equation for &t can be defined as follows:
N/2 4 4

='4*1-3 4*1-1
where N is the number of terms defined by the user. Note that if the given
number is odd, one term is dropped (e.g. if N=23, only 22 terms are used).

— Input: The number of terms to be used in the above equation.
— Output: The estimated value of

e Complete Steps 3 and 4

— Use a loop to check the value input by the user
— Use another loop to calculate .
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B D:\UofO\Courses\GNG1506\Fall2008\GNG1106... _ |I:I| X

Give the number of terms to be used: © -
The number of terms 0 is not valid —d
Give the number of terms to be used: -1

The number of terms -1 is not valid

Give the number of terms to be used: -200

o The number of terms -200 is not valid
4}" Give the number of terms to be used: 10
< The value of pi is 3.041840

Press any key to continue . . . -
a | o
B D:\UofO\Courses\GNG1506\Fall2008\GNG1106\... _ | X
Give the number of terms to be used: 1000 =
The value of pi 1s 3.140593 -
Press any key to continue . . . _ i
al I vl

" B D:\UofO\Courses\GNG1506\Fall2008\GNG1106... _ |D X
Give the number of terms to be used: 100000 <
The value of pi is 3.141583 -
Press any key to continue . . . _ -
P | o

- B3 D:\UWofO\Courses\GNG1506\Fall2008\GNG1106\... _ |I:I| X
Give the number of terms to be used: 1000000 =
The value of pi 1s 3.141592 _
Press any key to continue . . . -
< | | |
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5.6 On the Use of Real Variables as Loop Counters

e Itis possible to use a real variable as a counter to control looping in a definite repetition
loop.

e Intheory, real variables can be tested for equality against a given value but in practice this is
not robust due to the imprecise nature of arithmetic with real variables on computers.

e Itis best to modify the logical expression for the loop termination condition such that
testing for equality is not required.
— Looping from 1.0 to 2.5 inclusively might be coded as:
float start=1.0, end=2.5, inc=0.5, ctr;

for (ctr=start; ctr <= end; ctr=ctr+inc)
printf (“Walue of ctr: $f\n”, ctr);
— The above loop is best implemented as:

for (ctr=start; ctr < (end+0.5*1inc); ctr=ctr+inc)

printf (“Walue of ctr: %f\n”, ctr);

GNG1106-M05-28
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5.7 Nested Loops

e Any C command can be placed inside any of our repetition structures; this includes decision
structures and other loops. Loops placed inside of loops are called nested loops.

e Suppose for example that we want to compute z points for the surface z = x? + y? over the
range -10 < x <10 and -10 <y < 10; we could do this using nested for loops:

float x,v,
for(x = -10.0;, x < 11.0; x = x + 2.0)
{
for(y = -10.0; v < 11.0; yv =v + 2.0)
{
Z = X*xX + y*y;

printf (Yz = %f\n”, z);

e Note how indentation and { } helps to clear up the programmer’s intentions.
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Exercise 5

e Step 1: Statement of Problem

— Compute the factorial of a given number. Allow the user to repeat process
continually.

e Step 2: Gathering of Information and Input/Output Description
— Computing factorial involves the following calculation:
nl=n-(n—-1)-(n—2)---2-1 with 11 =0 and 0! = 0
— Input: An integer that is greater or equal to O
— Output: the factorial value of the given input.

e Complete Steps 3 and 4
— You may modify the pseudo-code given on slide 6
— Ensure that all invalid input is handled by the software.
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exb.c

B D:\UofO\Courses\GNG1506\Fall2008\GNG... _ O X

Enter an integer

(-1 to quit):

The value -2 is not valid

Enter an integer
The value -20 is
Enter an integer

(-1 to quit):

hot valid

(-1 to quit):

The value -100 is not valid

Enter an integer
The factorial of
Enter an integer
The factorial of
Enter an integer
The factorial of
Enter an integer
The factorial of
Enter an integer
The factorial of
Enter an integer
The factorial of

Enter an integer

(-1 to quit):

P 1s 1.

(-1 to quit):

1 is 1

(-1 tc.quit):

3 1s 6

(-1 tc.quit):

5 is 120.

(-1 to quit):

7T is S040.

(-1 to quit):

9 is 362880.

(-1 to quit):

You have chosen to quit.

Press any key to

continue .

-2 -
-20 |
-100
0
1
3
>
[
9
-1
By

Fall 2011
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5.8 On the Use of goto’s

e USE THEM AND GO DIRECTLY TO JAIL!

e A goto command exists in C.

e Structured program development implies
goto-less programming.

— It has been proven that all algorithms can
be implemented without using goto’s.

— gotos quickly render a complex program
untraceable by humans.

e On arelated note:
— Do notbreak; or return to break out of
looping or decision structures!

— Use the loop control mechanisms and )
implement the Iogic CorreCtIy' J;:;gszblrf:;)l;ft\i?jnsaﬁ?g“ortzs are so tangled and difficult to trace through...’
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