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ICS 103 – Computer Programming in C

Spring Semester 2011/2012 (Term 112)
Lab# 03 Arithmetic Expressions
Objectives:

1. Learn to use mathematical operators, mathematical expressions and standard math functions.
2. Learn the precedence and associativity rules of mathematical operators, type cast operator, function calls, and the assignment operator.
Arithmetic Operators
To solve most programming problems, you will need to write arithmetic expressions that manipulate data of type int and double. In C language, these are the basic arithmetic operators:     

	Arithmetic Operator
	Operation

	*
	multiplication

	/
	division

	%
	remainder

	+
	Addition (binary +) or Unary +

	-
	Subtraction (binary -) or Unary -


If the operands are of different types, the one with weaker type will be raised to the level of the other type, and then the operation will be performed. The order is:

	char         (    int   (      long    (    float    (   double

	weaker type                                                           stronger type


Division between two integer numbers results in an integer result. Example 5/2 results in 2 and not 2.5 
Division by zero is undefined. You get a compilation warning if you divide by the constant 0 and run-time error if you divide by a variable that has a value 0.
The remainder operator % gives the remainder produced by dividing two integer numbers. Example 5 % 2 = 1and 1 % 3 = 1. This operator is not used with double or float values. If one of the operands or both are double or float, Dev C++ gives the compilation error:  invalid operands to binary %. Other compilers give the error message:   Illegal use of floating point
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int main()
[

Systen ("PAUSE"} ;
return 0;
;
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Arithmetic Expressions
An arithmetic expression is an expression that represents a numeric value; it consists of a meaningful combination of mathematical operators and operands (variables and/or constants of mathematical types (int, float, double, etc.)). An arithmetic expression may contain parentheses that specify the order of evaluation.

An operand of an arithmetic expression may be: 

· a numeric constant 

· a numeric variable, which may be preceded by a unary + or -. 

· an arithmetic expression in parentheses, i.e. (arithmetic_expression) 

An arithmetic expression has the form: 

operand [operator operand] ... 

The square brackets indicate that the items operator operand are optional and the ellipsis (...) means that they may be repeated. 

Spaces may be used to improve readability, but are ignored by the C compiler. 

Examples: 

            z – (a + b / 2) + w * -y


3.14159


K


(A + B) * (C + D)


-1.0 / x + y / (z * z)

2.0 * 3.14159 * radius
Precedence and Associativity Rules
In C, mathematical expressions are evaluated according to the following precedence and associativity rules:       
	
	
	Operators
	Order of Evaluation
of operands with same precedence

(Associativity)

	Higher Priority


Low Priority
	1
	(expression) and function calls
	Left to right

	
	2
	unary +, unary –

Type cast:   (type)
	Right to left

	
	3
	*, /, %
	Left to right

	
	4
	binary +, binary -
	Left to right

	
	5
	=
	Right to left


Note: Parentheses are also used to group sub-expressions to force a different precedence; such parenthetical expressions can be nested and are evaluated from inner to outer. 
Exercise01: By drawing the evaluation tree, write down the order of evaluation of the statement:

                      x = (double) -(a + b) / (c + d) + 5.0 * 3.0 - d;
and then verify why the output of the program below is:     x = 9.67

      #include <stdio.h>

#include <stdlib.h>

int main(void)

{

    

int a = 6, b = 4, c = 1, d = 2;

    

double x;

    

x = (double) -(a + b) / (c + d) + 5.0 * 3.0 - d;

    

printf("x = %.2f\n", x);

    

system("PAUSE");

    

return 0;

}
Mixed-Type Assignment Statement and type cast
This happens when the expression being evaluated and the variable to which it is assigned have different data types. For example:
int y=5.0/2;
 Here the result of the expression is 2.5 (double) and it is assigned to y which is int; the fraction part will be removed and the value of y will be 2.
double x=7/2;
Here the value of the expression is 3 (not 3.5) because 7 and 2 are integer, so the result must be integer. When 3 is assigned to x it becomes 3.0 (converted to double). 
Type cast is used to convert the type of an expression. 
For example 

(int)3.7  becomes 3  (the decimal portion is just truncated – not rounded).

(double)5 becomes 5.0

(double) (7/2); first evaluate the expression inside the bracket which is 3, then apply the cast to 3 to become 3.0.
Standard Mathematical Functions
To do some advanced mathematical calculations, C provides a header file called math.h that has different trigonometric and algebraic functions. Here are some math functions defined in math.h:
	C function
	Mathematical Notation
	Example

	pow(x,y)
	xy
	pow(5.0,3) = 5.03=  125.0

	sqrt(x)
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	log(x)
	ln x                  (x > 0)
	log(2.71828) = 1.0

	log10(x)
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         (x > 0)
	log10(100.0) = 2.0

	exp(x)
	ex
	exp(1.0) = 2.171828

	sin(x)
	sin x
       (x in radians)
	sin(1.5708) = 1.0

	cos(x)
	cos x          (x in radians)
	cos(0.0) = 1.0

	tan(x)
	tan x          (x in radians)
	tan(0.0) = 0.0

	asin(x)
	sin-1 x          ( x ( [-1,1])
	asin (0) = 0

	acos(x)
	cos-1 x          (x ( [-1,1])
	acos(0) = 1.570796

	atan(x)
	tan-1 x
	atan(0) = 0


Note:

· You must include the header file math.h before you use any of these functions.
·  The return type of each of the above functions is double.
Example: Write a program that reads the lengths of two sides of a triangle (in cm) and the angle between them (in degrees) and calculates the length of the third side using the following formula:
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#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define PI 3.14159
int main() {

  double side1, side2,side3,angle;   //use meaningful names for your
                                    //   variables
  printf("Enter side1 (cm): ");

  scanf("%lf",&side1);

  printf("Enter side2 (cm): ");

  scanf("%lf",&side2);

  printf("Enter angle in degrees: ");

  scanf("%lf",&angle);

  angle = angle/180*PI;  // convert angle to radians

  side3 = sqrt(side1*side1+side2*side2-2*side1*side2*cos(angle));  

   //or side3=sqrt(pow(side1,2)+pow(side2,2)-2*side1*side2*cos(angle));

  printf("side3 = %.2f cm\n",side3);
  system("PAUSE");
  return 0;

}
Exercise02: By drawing the evaluation tree, write down the order of evaluation for the statement:

      side3= sqrt(pow(side1,2)+pow(side2,2)-2*side1*side2*cos(angle));
Exercise03: Run the example above for some simple known triangles (equilateral, isosceles, and right angled triangle) 

Laboratory Tasks:

Evaluation: Your grade will depend on your active participation and seriousness during the lab.

Task 1: Write a C program that prompts for and reads the radius and the height of a cylinder (in centimeters). It then computes its volume and surface area.  The surface area is the surface of the two circular bases and the surface of the lateral side. Note: ( = 3.14159
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Sample run:
   [image: image8.png]urface Area - 657.53 square om
ress any key to continue . . .




Task 2: Change the problem in task 1 such that the program prompts for and reads the height and the surface area of the cylinder (in centimeters and square centimeters respectively). It then calculates and prints the radius of the cylinder. 
Note: Here you will be solving a quadratic equation (See page 142 of your textbook). Use the larger root of the quadratic equation as the answer.
Sample run:
[image: image9.png]nter the height (cm): 9.6
nter the surface area (square cmd: 657.53
adius = 6.50 cn

ress any key to continue . . .




Task 3: Write a C program that prompts for and reads the amount of change in Saudi Riyals. It then finds and prints the minimum number of Saudi Riyal bills represented by the change.  Assume that the bills available are 1, 5, 10, and 50 Riyals.

Hint: Use remainder and integer division.
Sample run:
[image: image10.png]nter the amount of change in Saudi Riyals: 128

he mininum nunber of hills is 81
junber of 58 Rival bills

junber of 18 Rival bills
junber of "5 Rival bills
junber of 1 Riyal bills
vess any key to continue . .
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