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Chapter Four
Programming in MATLAB

Introduction
1. A computer program is a sequence of computer commands. 
2. MATLAB provides several tools that can be used to control the flow of a program. 
· Conditional statements make it possible to skip commands or to execute specific groups of commands in different situations. This is done by using relational and logical operators.
· For loops and while loops make it possible to repeat a sequence of commands several times.  

4.1 Relational and Logical Operators
1. A relational operator compares two numbers by determining whether a comparison statement (e.g., 5 < 8) is true (a value of 1) or false (a value of 0). . 
2. A logical operator examines true/false statements and produces a result that is true (1) or false (0) according to the specific operator. 
3. Relational and logical operators can be used in mathematical expressions and, combined with commands to make decisions that control the flow of program.

Relational operators
Relational operators in MATLAB are:


[image: ]

· Relational operators are used as arithmetic operators within a mathematical expression. The result can be used in other mathematical operations, in addressing arrays, and together with other MATLAB commands (e.g., if) to control the flow of a program.
· If two scalars are compared, the result is a scalar 1(logical true) or 0 (logical false). 
· If two arrays are compared, the comparison is done element-by-element, and the result is a logical array of the same size with 1s and 0 s.
· If a scalar is compared with an array, the scalar is compared with every element of the array, and the result is a logical array with 1s and 0 s according to the outcome of the comparison of each element.
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· The results of a relational operation with vectors, which are vectors with 0 s and 1 s, are called logical vectors and can be used for addressing vectors. When a logical vector is used for addressing another vector, it extracts from that vector the elements in the positions where the logical vector has 1s. For example:
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· Order of precedence: In a mathematical expression that includes relational and arithmetic operations, the arithmetic operations (+,-,*, /,\) have precedence over relational operations. The relational operators have equal precedence and are evaluated from left to right. Parentheses can be used to alter the order of precedence. Examples are:
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Logical operators:
Logical operators in MATLAB are:
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· Logical operators have numbers as operands. A nonzero number is true, and a zero number is false.
· Logical operators (like relational operators) can be used with scalars and arrays.
Following are some examples:
[image: ]
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Order of precedence:
  The following is the order used by MATLAB:
[image: ]

· If two or more operations have the same precedence, the expression is executed in order from left to right. 

 Examples
[image: ]
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Built-in logical functions:
· MATLAB has built-in functions that are equivalent to the logical operators. These functions are:
[image: ]
· In addition, MATLAB has other logical built-in functions, some of which are described in the following table
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Sample Problem 6-1: Analysis of temperature data
The following were the daily maximum temperatures (in °F) in Washington, DC, during the month of April 2002: 58 73 73 53 50 48 56 73 73 66 69 63 74 82 84 91 93 89 91 80 59 69 56 64 63 66 64 74 63 69 (data from the U.S. National Oceanic and Atmospheric Administration). Use relational and logical operations to determine the following:
(a) The number of days the temperature was above 75o.
(b) The number of days the temperature was between 65o and 80o.
(c) The days of the month when the temperature was between 50° and 60°.

Solution
In the script file below the temperatures are entered in a vector. Relational and logical expressions are then used to analyze the data.
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4.2 CONDITIONAL STATEMENTS

· , if the conditional expression in a conditional statement is true, a group of commands that follow the statement are executed. If the expression is false, the computer skips the group. 
· The basic form of a conditional statement is:
[image: ]
Examples:
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4.2.1 The if- end Structure
· The if- end conditional statement is shown schematically in Figure 4-1. 
· As the program executes, it reaches the if statement. If the conditional expression in the if statement is true (1), the program continues to execute the commands that follow the if statement all the way down to the end statement. 
· If the conditional expression is false (0), the program skips the group of commands between the if and the end, and continues with the commands that follow the end. 

[image: ]
Figure 4-1: The structure of the if- end conditional statement.

Sample Problem : Calculating worker's pay
A worker is paid according to his hourly wage up to 40 hours, and 50% more for overtime. Write a program in a script file that calculates the pay to a worker. 
Solution
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4.2.2 The if - else-if end Structure
The if-else-end structure provides a means for choosing one group of commands, out of a possible two groups, for execution. 

[image: ]
Figure 4-2: The structure of the if -else-end conditional statement.

4.2.3 The if -elseif -else-end Structure
· The if-elseif -else-end structure is shown in Figure 6-3. The figure gives a flowchart that illustrates the flow, or the sequence, in which the commands are executed. 
· It should be pointed out here that several elseif statements and associated groups of commands can be added. 
· Also, the else statement is optional. This means that if any of the conditional statements is true the associated commands are executed; otherwise nothing is executed. 
[image: ]
Figure 4-3: The structure of the if - else if - else - end conditional statement.

Sample Problem: Water level in water tower
The tank in a water tower has the geometry shown the figure (the lower part is a cylinder and the upper part is an inverted frustum of a cone). Inside the tank there is a float that indicates the level of the water. Write a MATLAB program that determines the volume of the water in the tank from the position (height h) of the float. The program asks the user to enter a value of h in m, and as output displays the volume of the water in m3
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4.3 The switch-case Statement
· The switch-case statement is another method that can be used to direct the flow of a program. The structure shown below.
[image: ]
Figure 6-4: The structure of a switch-case statement.
· The switch expression it is a variable that has an assigned scalar, a string or a mathematical expression.  
· Following the switch command are one or several case commands. Each has a value next to it (value l, value2, etc.) and an associated group of commands below it. 

Sample Problem: Converting units of energy
Write a program that converts a quantity of energy (work) given in units of either joule, ft-lb, cal, or eV to the equivalent quantity in different units specified by the user. The program asks the user to enter the quantity of energy, its current units, and the desired new units. The output is the quantity of energy in the new units.
The conversion factors are: 1 J = 0.738 ft-lb = 0.239 cal = 6.24 x 1018 eV.
Use the program to:
(a) Convert 150 J to ft-lb.
(b) Convert 2,800 cal to J.
(c) Convert 2.7 eV to cal.

Solution
1. The program includes two sets of switch-case statements and one if else- end statement. 
2. The first switch-case statement is used to convert the input quantity from its initial units to units of joules. 
3. The second is used to convert the quantity from joules to the specified new units. 
4. The if-else-end statement is used to generate an error message if units are entered incorrectly.
[image: ]
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4.4 LOOPS
· A loop is another method to alter the flow of a computer program. 
· In a loop, the execution of a command, or a group of commands, is repeated several times consecutively. Each round of execution is called a pass. In each pass at least one variable, but usually more than one, or even all the variables that are defined within the loop, are assigned new values. 
· MATLAB has two kinds of loops. For-end loop and while-end loop.

4.4.1 for-end Loops
· In for-end loops the execution of a command, or a group of commands, is repeated a predetermined number of times. The form of a loop is shown in Figure 4-5. 
· The loop index variable can have any variable name.

[image: ]
Figure 4-5: The structure of a for-end loop.

· If the increment values is omitted, the value is 1 (default). 
· In the for command k can also be assigned a specific value (typed as a vector).
     Example: for k= [7 9 -1 3 3 5].
Example 

[image: ]
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Sample Problem:  Sum of a series
[image: ]
Solution
a/
[image: ]
b/
n=input ('Enter the number of terms ' );
x=input ('Enter the value of angle in degrees ');

xr=x*pi/180;
 y=0;
   for k=0:n-1;
y=y+(-1)^k*xr^(2*k+1)/factorial(2*k+1);
end

Sample Problem: Modify vector elements
A vector V= [5, 17, -3, 8, 0, -7, 12, 15, 20, -6, 6, 4, -7, 16]. Write a program that doubles the elements that are positive and are divisible by 3 or 5, and, raises to the power of 3 the elements that are negative but greater than -5.
Solution

[image: ]

4.4.2 while-end Loops
· While-end loops are used in situations when looping is needed but the number of passes is not known in advance. 
· Instead, the looping process continues until a stated condition is satisfied. 
· The structure of a whi1e-end loop is shown in Figure 4-6.

[image: ]
Figure 4-6: The structure of a w hi1e -end loop

· If the conditional expression is false (0), 
          MATLAB skips to the end statement and continues with the program. 
· If the conditional expression is true (1), 
          MATLAB executes the group of Matlab commands. 

For a while-end loop to execute properly:
· The conditional expression in the while command must include at least one variable.
· The variables in the conditional expression must have assigned values when MATLAB executes the while command for the first time.
· At least one of the variables in the conditional expression must be assigned a new value in the commands that are between the while and the end. Otherwise, once the looping starts it will never stop, since the conditional expression will remain true.

[image: ]



Sample Problem: Taylor series representation of a function

The function f(x) = ex can be represented in a Taylor series by 
[image: ]
Write a program in a script file that determines ex by using the Taylor series representation. With the number of passes n is smaller than 30 and the value of the term that is added is not smaller than 0.0001. Use the program to calculate e2, e-4, and e21.
Solution
The first few terms of the Taylor series are:
[image: ]
The conditional expression in the while command is true as long as the absolute value of the nth an term is larger than 0.0001, and the number of passes n is smaller than 30. This means that if the 30th term is not smaller than 0.0001, the looping stops.
[image: ]

4.5 NESTED LOOPS AND NESTED CONDITIONAL STATEMENTS
· Loops and conditional statements can be nested within other loops or conditional statements. 
· Figure 4-7 shows the structure of a nested loops.

[image: ]
Figure 4-7: Structure of nested loops

Sample Problem: Creating a matrix with a loop
Write a program in a script file that creates an n x m matrix with elements that have the following values. The value of each element in the first row is the number of the column. The value of each element in the first column is the number of the row. The rest of the elements each has a value equal to the sum of the element above it and the element to the left. When executed, the program asks the user to enter values for n and m.
Solution

[image: ]

4.6 The break and continue Commands
      The break command:
· When inside a loop (for or while), the break command terminates the execution of the loop (the whole loop, not just the last pass). 
· If the break command is inside a nested loop, only the nested loop is terminated.
· When a break command appears outside a loop in a script or function file, it terminates the execution of the file.
· The break command is usually used within a conditional statement. 

The continue command:
· The continue command can be used inside a loop (for or while) to stop the present pass and start the next pass in the looping process. 
· The continue command is usually a part of a conditional statement. 
· When MATLAB reaches the continue command, it does not execute the remaining commands in the loop, but skips to the end command of the loop and then starts a new pass.



6. 7 Examples of MATLAB Applications 
 
Sample Problem: 
Creating a random list Six singers-John, Mary, Tracy, Mike, Katie, and David-are performing in a competition. Write a MATLAB program that generates a list of a random order in which the singers will perform.

Solution
1. An integer (1 through 6) is assigned to each name (1 to John, 2 to Mary, 3 to Tracy, 4 to Mike, 5 to Katie, and 6 to David). 
2. First creates a list of the integers 1 through 6 in a random order. The integers are made the elements of six-element vector. This is done by using MATLAB's built-in function randi for assigning integers to the elements of the vector. 
3. To make sure that all the integers of the elements are different from each other, the integers are assigned one by one. 
4. Each integer that is suggested by the randi function is compared with all the integers data have been assigned to previous elements. 
5. If a match is found, the integer is not assigned, and randi is used for suggesting a new integer. 
6. Since each singer name is associated with an integer, once the integer list is complete the switch-case statement is used to create the corresponding name list.
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4.8 PROBLEMS
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