
Lecture 6
Expressions

Daily Puzzle

• A fellow made his home in a little town. In the 
course of time, he married ten women, who 
also lived in his town. He never divorced any 
of them, nor broke any law, nor did any of 
them die. How could this be?



Announcements

• Study groups survey 
- Is there a 1500-related group you'd like us to 
organize?

• Assignments are posted

• Women in Computing Conference in Ottawa in January
- Check the CISters forum

Q&A

• Do you have a question?
(I may have an answer)



Assignment 1

• Two choices:
1. The Game of Pig
2. Find the Mugwump

Expressions

• Expressions are meaningful combinations of 
constants, variables and function calls.



Expressions

• The expression may consist of a single entity, 
such as a constant or variable, or it may 
consist of some combination of such entities, 
interconnected by one or more operators.

• Expressions can also represent logical 
conditions which are either true or false.

Expressions

• It is poor programming practice to mix data 
types in assignment expressions. 

• Thus, the data types of the constants or 
variables on either side of the = sign should 
always match.



Assignment expressions

• The general form of the assignment statement 
is:
 variable = expression; 

• In an assignment statement, the value of a 
variable is replaced with the value of an 
expression.
 e.g.   pi = 3.14159;

• The = operator is used for assignment.

Assignment expressions

• Even though assignment statements 
sometimes resemble mathematical equations, 
the two notions are distinct and should not be 
confused.



Assignment expressions

• The mathematical equation:
 Ω  + 2 = 0

does not become an assignment statement 
when you type:
 x + 2 = 0;

• The left side of the equal sign is an 
expression, not a variable, and this expression 
may not be assigned a value.

Defining equations

• The following example is the equation of a 
straight line:

Algebra:   y = mx + c
C:        y = m * x + c;

Algebra:  a = πr2

C:         area = pi * r * r;



Defining equations

• Quadratic equations:

• Algebraic: 

• C
B = 300000.0 * exp(-0.032 * t);

What are operators?

• C has a rich set of operators (i.e., things like + 
- * /), which allow you to write complicated 
expressions quite compactly.

• General expressions are formed by joining 
together constants and variables (operands) 
via various operators. 



Unary operators

• Operators that only have one argument.

• The most common unary operator is the unary 
minus, which occurs when a numerical 
constant, variable, or expression is preceded 
by a minus sign.

• For example:
    -pi      negative pi
    +pi      positive pi 

Binary operators

• Binary operators work on two operands.

+  addition
–  subtraction
*  multiplication
/  division
%  remainder  (e.g., 2%3 is 2), also called 
           “modulo”



Binary operators

&& logical AND (returns 1 if both operands 
 are non-zero; else 0)
|| logical OR (returns 1 if either operand 
 is non-zero; else 0)
< less than (e.g., i<j  returns 1 iff i is less than j)
> greater than
<= less than or equal     
>= greater than or equal       
== equals
!= does not equal
?  conditional operator

Assignment operators

• It is used to change the value of a variable.

• For instance, the expression:
 
 f = 3.4;

causes the floating-point value 3.4 to be 
assigned to the variable f.



Assignment operators

• Multiple assignments are permissible in C. For 
example,

 i = j = k = 4;

causes the integer value 4 to be assigned to 
i, j, and k simultaneously.

Assignment operators

• An example of assignment statements:

velocity = distance / time;
force = mass * acceleration;
count = count + 1;



Arithmetic operators

• There are four main arithmetic operators in C:

 addition    +

 subtraction   -

 multiplication  *

 division    /

Arithmetic operators

• There is no built-in exponentiation operator in 
C - i.e. no ** or ^.

• Instead there is a library function, pow, which 
carries out this operation. 

   x2 is represented as x * x



Division, /

• There is a vast difference between integer 
division and floating-point division.

• In integer division, the result is truncated.
 i.e. the fractional part is disregarded.

Division, /

• If either the divisor, or the dividend is a 
floating point number, a floating-point divide 
is performed.

e.g.  19/10 = 1

  19.0/10.0 = 1.9



Integer division

• Integer division returns just the result with no 
remainder. 

• For example:

15/3 = 5  16/3 = 5  17/3 = 5

3/15 = 0  0/4 = 0   4/0 = undefined

Integer modulo

• Returns the integer remainder of the result of 
dividing the first operand by the second.

• For example:

5%4 = 1  7%5 = 2  8%5 = 3

15%5 = 0  15 % 0 = undefined



Parentheses

• Parentheses are used as punctuators to clarify 
or change the order in which operations are 
performed.

• For example:

  ! a = 12 * (x + y);

Operator precedence

• The operators within C are grouped 
hierarchically according to their precedence, 
i.e. the order of their evaluation.

• Amongst the arithmetic operators, * and / 
have precedence over + and -.



Operator precedence

• In other words, when evaluating expressions, 
C performs * and / operations prior to + and 
- operations.

• The rules of precedence can be bypassed by 
the use of parentheses.

Operator precedence

• For example:

 a - b / c + d

is equivalent to the unambiguous expression

 a - (b / c) + d



Case study: quadratic

• The Quadratic Equation - a classic 
mathematical problem.

Case study: quadratic

Get input: 
a, b, c

Display x



Case study: quadratic

• Four pieces of data: a, b, c, x

• What type of data?

• What names for the variable?

Case study: quadratic

• How will the quadratic equation be used?



Case study: quadratic

x = -b+sqrt(b*b-4*a*c)/2*a

Are there problems with this?

Case study: quadratic

x = -b+sqrt(b*b-4*a*c)/2*a

where is the ± ?



Case study: quadratic

x1 = -b+sqrt(b*b-4*a*c)/2*a

SOLUTION: Add a second equation.

x2 = -b-sqrt(b*b-4*a*c)/2*a

Case study: quadratic

Let’s test it!#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2;

    scanf("%lf%lf%lf", &a, &b, &c);

    x1 = -b+sqrt(b*b-4*a*c)/2*a;
    x2 = -b+sqrt(b*b-4*a*c)/2*a;

    printf("%lf %lf\n", x1, x2);

    return 0;
}

a=3, b=10, c=2

3.076697 3.076697

Correct???



Case study: quadratic

x1 = -b+sqrt(b*b-4*a*c)/2*a

problems!

Case study: quadratic

x = -b+sqrt(b*b-4*a*c)/2*a

1. sqrt(b*b-4*a*c)

2. Divide by 2

3. Multiply by a

4. Add the result to -b

Rules of precedence!



Case study: quadratic

x1 = (-b+sqrt(b*b-4*a*c))/(2*a)

SOLUTION: Add more parentheses

x2 = (-b-sqrt(b*b-4*a*c))/(2*a)

Case study: quadratic

Let’s test it!#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2;

    scanf("%lf%lf%lf", &a, &b, &c);

    x1 = (-b+sqrt(b*b-4*a*c))/(2*a);
    x2 = (-b+sqrt(b*b-4*a*c))/(2*a);

    printf("%lf %lf\n", x1, x2);

    return 0;
}

a=3, b=10, c=2

-0.213700 -0.213700

Correct - yes



Case study: quadratic

Are there 
inefficiencies?

#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2;

    scanf("%lf%lf%lf", &a, &b, &c);

    x1 = (-b+sqrt(b*b-4*a*c))/(2*a);
    x2 = (-b+sqrt(b*b-4*a*c))/(2*a);

    printf("%lf %lf\n", x1, x2);

    return 0;
}

Case study: quadratic

Inefficiencies?#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2;

    scanf("%lf%lf%lf", &a, &b, &c);

    x1 = (-b+sqrt(b*b-4*a*c))/(2*a);
    x2 = (-b+sqrt(b*b-4*a*c))/(2*a);

    printf("%lf %lf\n", x1, x2);

    return 0;
}

Yes

b*b-4*a*c

2*a

are calculated twice



Case study: quadratic
Calculate them once, and store the 
value in an temporary variable.

#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2, d, z;

    scanf("%lf%lf%lf", &a, &b, &c);

    d = b*b-4*a*c;
    z = 2*a;

    x1 = (-b+sqrt(d))/(z);
    x2 = (-b+sqrt(d))/(z);

    printf("%lf %lf\n", x1, x2);

    return 0;
}

Case study: quadratic

Is the code 
usable?

#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2, d, z;

    scanf("%lf%lf%lf", &a, &b, &c);

    d = b*b-4*a*c;
    z = 2*a;

    x1 = (-b+sqrt(d))/(z);
    x2 = (-b+sqrt(d))/(z);

    printf("%lf %lf\n", x1, x2);

    return 0;
}



Case study: quadratic

No... it could 
have better 
prompts and 
output.

#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2, d, z;

    printf(“Enter values for a, b, c: “);
    scanf("%lf%lf%lf", &a, &b, &c);

    d = b*b-4*a*c;
    z = 2*a;

    x1 = (-b+sqrt(d))/(z);
    x2 = (-b+sqrt(d))/(z);

    printf(“The roots are : “);
    printf("%lf %lf\n", x1, x2);

    return 0;
}

Case study: quadratic

Are we done?

#include <stdio.h>
#include <math.h>

int main(void)
{
    double a, b, c, x1, x2, d, z;

    printf(“Enter values for a, b, c: “);
    scanf("%lf%lf%lf", &a, &b, &c);

    d = b*b-4*a*c;
    z = 2*a;

    x1 = (-b+sqrt(d))/(z);
    x2 = (-b+sqrt(d))/(z);

    printf(“The roots are : “);
    printf("%lf %lf\n", x1, x2);

    return 0;
}



Case study: quadratic

Converting equations
Algebraic Meaning C equivalent(s)

mx Multiply m by x. m * x

r2 r to the power of 2 r * r, pow(r,2)

xy x to the power of y pow(x,y)

π Pi PI, Pi, pi

Square-root sqrt(x)

x to the power of ¼ pow(x,0.25)

ex Exponential of x exp(x)

e Base of the natural logarithm exp(1)

± Plus-or-minus Create 2 equations

≠, <> Does not equal !=

≥ Greater-than-or equal-to >=

≤ Less-than-or equal-to <=

x÷y Divide x by y x/y

|x| Absolute value of x fabs(x)

= Is equal to ==

ln x Natural logarithm log(x)

Log x Base 10 logarithm log10(x)


