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Lecture 14 – User Defined Functions

Objectives:  To create user-defined or custom functions using good programming practices. 

The overall goal of this lecture is to enable students to correctly define their own user-defined functions in MATLAB using the structure of the function. Furthermore, students should use comments effectively to allow other users to use help and lookfor commands to seek help on the user-defined functions. Lastly, students should learn how to call functions and evaluate them. 

[bookmark: Aesthetics][bookmark: _bookmark83]14.1 Functions
In programming, a function is a special purpose program designed to accomplish a particular task. It accepts inputs from the user, processes them according to a defined algorithm, and produces some output. Functions in MATLAB can be either built-in or user-defined. Built-in functions are already provided by MATLAB, while user-defined functions are created by the programmer to address specific requirements. A couple examples of built-in functions we have used are sin(x), disp(x), etc. In this lecture we will learn to create our own functions and hence they are called user-defined functions.
Functions offer many benefits, with one of the most significant being their ability to facilitate collaboration on a project. By seamlessly integrating one person’s function into another’s program, multiple individuals can contribute effortlessly to the same project. Additionally, functions are great at breaking down complex problems into smaller, more manageable components. By dividing a large task into smaller subtasks, each subtask can be structured as a function, enabling independent testing and debugging. 

14.2 Structure of a Basic Function
In MATLAB, a user-defined function is stored in a .m file such that file name and the function name is the same. For example, the following script file is named function_name.m:
	function [output variables] = function_name(input variables)
     statements…
end



Note: The above program represents the basic structure of a user-defined function, where the first line is the function definition line, followed by the command statements that do the computation of the outputs from the input variables. The function is closed with an end statement, which is optional, for an individual function, but recommended. 

14.3 Creating Functions with single output
In this section, we are going to explore how to create a function with the following example. Save the function as MyAverage.m
	function [avg] = MyAverage(x, y, z)
    %function to take average of 3 numbers coming in as inputs 
    %To call function, define the values of x, y, z or define them 
    %directly into the function
    %Call function as following: [avg] = MyAverage(x, y, z)
    avg = (x+y+z)/3;
end



14.3.1 Function Definition Line
Function definition line in MATLAB always start with the keyword function. Following that the output variables are initialized inside square brackets. After that an “equal to” sign will bridge the output variables with the function name, which is the same as the file name. After the function name, the input variables are initialized inside of a parenthesis separated by commas. 
	
14.3.2 Comments in Function
Comments are encouraged to be included in a function, because there are two commands, lookfor and help, that will help other users to find and understand the function. 

lookfor command searches the first line of comments in the function for keywords and help command will display the first “set” of comments in the function. 

If comments are defined before and after the function definition line: lookfor command will search for keywords in the first comment in the function file (above the function definition line), and help will only display the comments before the function definition as help will stop displaying comments when a line of code appears, or a blank line appears after the comments. 

14.3.3 Variables
The input variable x, y, z indicate that three values will come into this function. The output variable avg indicate that one output value will be returned by this function. For function to be correctly defined, the avg variable needs to be defined in the body of the function so that it can be returned as an output from the function when the function is called. 
Important Note: the variable x, y, z, and avg are all local to the function MyAverage. So, unless you pass their values by naming the x, y, z their will not be available in the workspace outside of the function, i.e., all function workspace is local to the function. 

14.3.4 Function Call
Function can be called by following the function definition line after the keyword function. Capture the output variable, the equal to sign, the name of the function along with the input arguments. Here is a list of ways functions can be called:
	x=4;y=6;z=5;  %initialize input variables
[avg]=MyAverage(x,y,z)
or
[avg]=MyAverage(4,6,5)
or
avg=MyAverage(4,6,5)
or
res=MyAverage(4,6,5)
or
x= MyAverage(4,6,5) %x is local variable in the function, 
                    %it can be used as a name for the output
                    %variable in the common workspace



14.3.5 Example 1: One input & output
Write a function circle that has one input r which is the radius and one output A for area. 
Solution:
Save the function as circle.m
	function [A]=circle(r)
    A=pi*r^2;
end


To call the function, in the command window, type:
	>> [A]=circle(3)



14.3.6 Example 2: Two input & one output
Write a function triangle that has two inputs h for height and b for base, and one output A for area. 
Solution: Save the function as triangle.m
	function [A]=triangle(h, b)
    A=0.5*h*b;
End


	To call the function, in the command window, type:
	>> [A]=triangle(5, 2)



14.4 Functions with Multiple Inputs and Outputs

Function with n input and m output can be specified by listing the inputs and listing the outputs as shown below:
	function [out1, out2,..., outm]=func(arg1, arg2,..., argn)




14.4.1 Example 3: One inputs and Two Outputs
Write a function circle that has one input r which is the radius and two outputs A for area and C for circumference. 
Solution: Save the function as circle.m
	function [A, C]=circle(r)
    A=pi*r^2;
    C=2*pi*r;
end


	To call the function, in the command window, type:
	>> [A, C]=circle(3)




14.4.2 Practice Problem 1
Write a MATLAB function called distance that calculates the distance between two coordinates (x1, y1) and (x2, y2). So, the function has 4 inputs: x1, y1, x2, y2, and 1 output: d. The equation to calculate d is given as follows: 

Call the function distance, in command window, with the values of x1=-3, y1=2; x2=3, y2=-6, to compute the value of output d. 

Solution: Save the function as distance.m
	function [d]=distance(x1, y1, x2, y2)
    d = sqrt((x1-x2)^2+(y1-y2)^2);
end


	To call the function, in the command window, type:
	>> d = distance(-3, 2, 3, -6)



14.4.3 Example 4: Multiple inputs/outputs
Write a function to solve the quadratic equation ax2 + bx + c = 0. Let the function name be SolveQuadratic, let it have three inputs, a, b, c, and two outputs x1, x2.

	Solution: Save the function as SolveQuadratic.m
	function [x1, x2] = SolveQuadratic(a, b, c)
   coef = sqrt(b^2 – 4*a*c);
   x1 = (-b + coef)/(2*a);
   x2 = (-b - coef)/(2*a);
end


	To call the function, in the command window, type:
	>> [x1,x2] = SolveQuadratic(1,0,-4)



14.5 Explore Further
You can further explore MATLAB documentation of the user-defined functions. Similarly, you can access MATLAB Marina resource for further learning about the user-defined functions. 

14.6 Conclusion/Summary of Key Points
This lecture introduced students to functions and why they are important. It explained the structure of a function and how to create functions with different inputs and outputs. Lastly, proper ways of commenting in the functions and calling the functions were covered. Following are a few key points/reminders related to user-defined functions:
1) The name of the function and the name of the .m script file must be the same
2) Do not give your function names which already exist in MATLAB library or are reserved words. If not sure, add a prefix like your name to your functions.
3) The first line of the code in the function is called the function definition line.
4) Keyword function should be the first line of code on the function definition line, followed by output arguments in square brackets, equal to sign, the function_name, followed by input arguments in parentheses, with multiple input and output variables separated by commas.
5) Do not put any code before the function definition line (such as clc, clear, close all), you can only have comments before the function definition line.
6) Write comments to allow others to know how to user your user-defined function correctly.
7) Once function is written, test functionality by calling the function correctly.
8) Do not run a function by pressing the run key in the Editor window, you should call the function correctly. 
9) To call a function defined in a script file, copy the function definition line without the keyword function, paste it in the command window, and put in the appropriate input values. 
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