
Lecture 7
Logical things, and if

Daily Puzzle

• Make a difference - vote.



Announcements

• Lab exam #2 is week 10.  
- There were two different dates on the course outline.  -  A 
revised outline showing the correction has been posted.

• Raspberry Pi kits are in for those who have ordered them
- check your email if you ordered one for pick up times
- if there are extras, they will be sold after Monday to 
people who didn't order

• There are a few SD cards ($10), more on the way.

• There are extra power supplies ($20), and HDMI cords ($10)

Conditional operators

• The relational, equality, and logical operators 
all operate on expressions and yield either a 
value of 1 (true) or 0 (false).

• In C, false is represented by any zero value 
and true is represented by any nonzero.



Conditional operators

• All these operators are used in expressions of 
the form:

 expr1 op expr2

where op is a relational, equality or logical 
operator.

Relational operators

• There are four relational operators in C:

 less than       <

 less than or equal to   <=

 greater than      >

 greater than or equal to  >=



Relational operators

• Some examples of valid relational 
expressions:

  a < 3! ! ! ! a >= b

• Some examples of invalid relational 
expressions:

  a =< b!! ! a < = b

Relational operators

• Consider a relational expression such as a<b.

• If a is less than b, then the expression has the 
value of 1 (true).

• If a is not less than b, then the expression has 
the value 0 (false). 



Relational operators

Conditional operators

• All these operators are used in expressions of the form:

! ! expr1 op expr2

where op is a relational, equality or logical operator.

• They each take two expressions as operands and yield 
either either the int value 0 or the int value 1.

Relational operators

• There are four relational operators in C. These are:

! ! less than ! ! ! ! <

! ! less than or equal to !! <=

! ! greater than ! ! ! >

! ! greater than or equal to ! >=

Relational operators

• Some examples of valid relational expressions:

! ! a < 3

  a >= b

• Some examples of invalid relational expressions:

  a =< b /*out of order */

  a < = b /* space not allowed */

Relational operators

• Consider a relational expression such as a<b. 

• If a is less than b, then the expression has the int value 
1, which is thought of as being true.

• If a is not less than b, then the expression has the int 
value 0, which is thought of as being false.

a < b
true false

Relational operators

• For example, consider the following relational 
expression:

! ! heart_rate > 75

performs the necessary comparison and evaluates to 1 
(true) when heart_rate is over 75; and evaluates to 0 

(false) when heart_rate is not greater than 75.

Relational operators

• This can be expressed in flowchart form:

heart_rate > 75

heart_rate = 93

0 (false) 1 (true)

Equality operators

• Closely associated with the relational 
operators are the two equality operators:

 equal to    ==

 not equal to  !=



Equality operators

• Consider an equality expression such as a==b.

• If a is equal to b, then the expression has the 
value 1.

• If a is not equal to b, then the expression has 
the value 0.

Equality operators

• The expression a!=b illustrates the use of the 
“not equal to” operator.

• It tests for inequality.



Decision statements

• Decision or branching or selection 
statements specify the order in which 
computations are performed.

if statements

Is the 
condition 

true?

Yes

No



if statements

• The simplest possible if statement takes the 
form:

   if (expression)

! ! !     statement;

if statements

• The statement is evaluated if expression has a 
nonzero value.

• If expression has a value of zero, the 
statement is ignored.



if statements

• The expression must be placed in 
parentheses, as shown.

if example

#include <stdio.h>

int main(void)
{
    int a_number;

    printf(“Enter a number: “);
    scanf(“%d”, &a_number);

    if (a_number % 2 == 0)
        printf(“%d is even\n”, a_number);

    return 0;
}



if example

#include <stdio.h>

int main(void)
{
    int a_number;

    printf(“Enter a number: “);
    scanf(“%d”, &a_number);

    if (a_number % 2 != 0)
        printf(“%d is odd\n”, a_number);

    return 0;
}

Logical expressions

• The relational and equality operators are used 
to build logical expressions.

• Represent conditions which are true (evaluate 
to 1) or false (evaluate to 0).



Logical operators

• There are three logical operators in C:

 logical AND  &&

 logical OR   ||

 logical NOT  !

• The logical operators act on operands which 
are themselves logical expressions.

Logical expressions

• The net effect is to combine the individual 
expressions into more complex expressions 
that are either true or false.



Logical expressions

• For example, the expression:

 (i > 0) && (j > 0)

is true if the value of i is greater than 0 and 
the value of j is also greater than 0.

and

• The result of a logical AND is only true if both 
expressions are true:

  expr1 && expr2



and

• This can be represented using a truth table:

  

&& expr2 == 1 expr2 == 0

expr1 == 1 1 0

expr1 == 0 0 0

if && example

#include <stdio.h>

int main(void)
{
    int a_number;

    printf(“Enter a number: “);
    scanf(“%d”, &a_number);

    if ((a_number > 0) && (a_number <= 100))
        printf(“%d is in the range 1-100\n”, a_number);

    return 0;
}



or

• The result of a logical OR is only false if both 
expressions are false:

  expr1 || expr2

If either one is true, the whole expression is 
true.

or

• This can be represented using a truth table:

  

|| expr2 == 1 expr2 == 0

expr1 == 1 1 1

expr1 == 0 1 0



if || example

#include <stdio.h>

int main(void)
{
    int a_number;

    printf(“Enter a number: “);
    scanf(“%d”, &a_number);

    if ((a_number < 1) || (a_number > 100))
        printf(“%d is outside the range 1-100\n”, a_number);

    return 0;
}

not

• The ! operator negates the value of logical 
expressions.

• It causes an expression that is true to become 
false, and vice-versa.

 !expr



not

• This can be represented using a truth table:

  

expr2 == 1 expr2 == 0

! 0 1

if ! example

#include <stdio.h>

int main(void)
{
    int a_number;

    printf(“Enter a number: “);
    scanf(“%d”, &a_number);

    if (!(a_number > 0) && (a_number <= 100))
        printf(“%d is in the range 1-100\n”, a_number);

    return 0;
}



Case study: quadratic

• The Quadratic Equation - many different types 
of roots.

Case study: quadratic



Case study: quadratic

if a = 0?

Input: 
a, b, c

will cause a 
divide by 
zero error

true

Case study: quadratic

if (a == 0)
    printf(“Error: DIV by zero\n");



Case study: quadratic

if a = 0?

Input: 
a, b, c

will cause a 
divide by 
zero error

true
calculate

false

Case study: quadratic

if (a == 0)
    printf(“Error: DIV by zero\n");
else {
    A = 2 * a;
    disc = b * b - 4 * a * c;
    sroot = sqrt(fabs(disc));
}



Case Study: dino eggs

• How to count the number of dinosaur eggs 
from shell fragments?

• Derive an algorithm using chicken eggs.

Case Study: dino eggs

photograph of egg shell fragments



Case Study: dino eggs

Photograph shell 
fragments.

Calculate total
area ➢ SA

Calculate area 
of an egg ➢ AE

Divide SA by AE.

Output estimated 
number of eggs.

Case Study: dino eggs

Photograph shell 
fragments.

Calculate total
area ➢ SA

Calculate area 
of an egg ➢ AE

Divide SA by AE.

Output estimated 
number of eggs.

Photograph shell fragments
1. Place shell fragments on black 

background.
2. Acquire image.
3. Convert image to binary

Calculate total area
1. Count the number of pixels that are 

black.
2. Calculate total pixels.
3. Calculate % of image that is shell.
4. Convert pixels to area measure.

Calculate surface area of an egg
1. Obtain formula for surface area of an 

egg.
2. Obtain measurements.
3. Perform calculation.

Area of a prolate spheroid

A = 2�b2 +

✓
2� a b · arcsin e

e

◆

e =
p
1� b2/a2



Case Study: dino eggs

colour 
photograph

grayscale 
image

binary 
image

RGB G
Values = 0 to 255 Values = 0, 1

Case Study: dino eggs

• Algorithm:

1. Obtain an image of the egg shells on a black background.

2. Convert the image from colour to grayscale.

3. Create a binary image through thresholding.

4. Set the scale of the image.

5. Count the number of white pixels representing the egg shells. 

6. Calculate the percentage of egg shell pixels in the image.

7. Calculate the surface area of the egg shells as a function of image 
size in mm2.



Case Study: dino eggs
3225×2871 pixels, and has a scale of 407.3×362.59mm

Number of white pixels in the image = 2,386,571 (25.77%)

Total area of image = 147,682.907mm2

Area of the egg shells is 25.77% of this, which is 38,066.3751mm2. 

Converted to cm2 gives 380.66cm2 of egg shells.

• How to calculate the surface area of an egg?

• Many eggs approximate to prolate spheroids:

Case Study: dino eggs

A = 2�b2 +

✓
2� a b · arcsin e

e

◆

e =
p
1� b2/a2

a

b

e = eccentricity



Case Study: dino eggs

• Algorithm for surface area of an egg.

• Set the value for π.

• Input the length and maximum breadth of the egg.

• Derive measures for half the length and half the breadth.

• Calculate the value of e, the eccentricity.

• Calculate the surface area of the egg using the formula for the 
surface area of a prolate spheroid.

• Print the surface area of the egg.

• Step 1: Set the value for π.

double pi=3.14159;

Build the program



• Step 2: Input the length of the major and minor 
axis of the egg.

double lngth, brdth;

printf("Length of the egg (mm): ");
scanf("%lf", &lngth);
printf("Maximum breadth of the egg (mm): ");
scanf("%lf", &brdth);

lngth = lngth / 2.0;
brdth = brdth / 2.0;

Build the program

• Step 3: Calculate the value of e, the eccentricity.

becomes

e = sqrt(1.0-(b*b)/(a*a));

eccntry = sqrt(1.0-(brdth*brdth)/
(lngth*lngth));

Build the program

e =
p
1� b2/a2



• Step 4: Calculate the surface area of the egg 
using the formula for the surface area of a prolate 
spheroid.

becomes

A = 2.0*pi*b*b + ((2*pi*a*b*asin(e))/e);

srf_Area = 2.0*pi*brdth*brdth + 
(2.0*pi*brdth*lngth*asin(eccntry))/eccntry;

Build the program

A = 2�b2 +

✓
2� a b · arcsin e

e

◆

• Step 5: Convert mm2 to cm2. Multiply the value 
stored in srf_Area by 0.01, converting it to 
cm2.

srf_Area = srf_Area * 0.01;

Build the program



• Step 6: Print out the surface area.

printf("The eggs surface area = %.
2lfcm^2\n", srf_Area);

Build the program

• What is the result?

Length of the egg (major axis): 56
Width of the egg (minor axis): 44
The eggs surface area = 72.14cm^2

Run the program



Number of eggs?

No. of eggs =

Surface area of egg shells

Surface area of an egg

380.66/72.14 = 5.3 eggs


