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Description
This topic aims at exploring functions as units of execution that can be created and called to perform a given task. Concepts for both value-returning functions and functions not returning values are covered. Additionally, the process of calling functions with or without parameters is described. This relates to passing parameters by value or by reference. Finally, the scope of variables with respect to their accessibility and usage within a program is also covered.
Learning Outcomes
By the end of this topic, you will be able to:
· Understand the concept of functions in programming.
· Create functions for any given programming task.
· Execute functions that require parameters and those that do not require parameters.
Introduction
The last four topics have introduced PHP programming using simple statements lamped within the script. This topic will dive into a different approach that allows grouping of statements into a function that is then executed as one single unit. Functions embrace the concepts of modularity in programming, where tasks are grouped independently. Such an approach makes troubleshooting for errors much easier. In addition, functions facilitate code reuse in programming. It is through functions that the concept of local and global variables and their usage becomes vital.
Functions
A function is a unit of execution that allows grouping of statements into one single unit meant to perform a given task. In other words, functions are self-contained code modules that accept input, perform operations on that input, and return one or more results as output [1]. Functions become handy in programming due to the following reasons [1]:
1. Functions enable better organization of solutions to computational problems that in return separates large problems into smaller and more manageable parts.
2. Functions embrace code reusability such that once a function has been created for a given task, it can be reused as many times as needed withing same program or even in other programs. This in return leads to creation of useful shareable libraries.
3. Functions facilitate collaboration in authorship of large programming projects where large projects can be split into smaller tasks allocated to individual programmers working on them independently. The programmers could later collaborate to assemble the final program.
4. Troubleshooting program code composed of functions is much easier than if the program code is delivered as one large program.
Functions can either be built-in or user-defined. Built-in functions come as part of the PHP library. In such cases, the programmer only needs to call/invoke the functions in the library to execute them. Examples of built-in functions include cos, sin, pi, round, sqrt, date function, among other functions. Conversely, user-defined functions are created by the programmer based on the task to be performed.
To create a user-defined function, you must first determine the task that it is meant to perform. This will then be followed by determining the statements to formulate the function. Lastly, you then create the function by enclosing the statements into a function.
Defining Functions
Syntax
function function_name(parameter-list){
	statement(s) to be executed;
}
Functions must have a function name that identifies them in the program. The function name borrows some naming convention for identifiers, as covered in earlier topics. The list of parameters in a function is optional. Such a list is included or excluded depending on whether the function requires external values to be supplied as parameters for it to execute or not. This will be covered in subsequent subsections. In cases where no parameter is required by the function, then the brackets following the function names must remain, but left empty.

Example
The following is an example of a function that computes the product of two numbers stored in variables x and y.
<?php
function product(){
	$x = 4;
	$y = 3;
	echo $x * $y;
}
?>
Executing Functions
To execute a function, a call to the function must be supplied somewhere within the program, after the function has been defined.

Syntax
function_name(argument-list);

The list of arguments is supplied in the function call if and only if the function being called to execute has parameters in its definition. Otherwise, in cases where no parameter is to be passed to the function, then the brackets must remain, but left empty.

Example
The following is an example of a call to the product function created in the previous subsection to compute the product of two numbers stored in variables x and y.
<?php
	product();
?>

The function code is basically executed at the point of being called. Printing of any output from the function is done within the body of the function. This is because this is an example of a function that does not return anything to the call.
Value-Returning Functions
Functions can also be defined in such a manner that they only execute whatever task they are meant to do then return the results to the call. In such cases, the function does not contain any statements for printing out anything, instead, it only returns to the call. Such a function must have a return statement that dictates what is to be returned to the call.
Defining Value-Returning Functions
Syntax
function function_name(parameter-list){
	statement(s) to be executed;
	return value_to_return; 
}
All other features of a function remain as discussed in the previous section. However, notice the return statement towards the end of the function body. The statement must be followed with what is to be returned.

Example
Consider the previous product() function example. Suppose we want the function to return the product to the caller rather than print it out within the function body, we will modify the function as follows.
<?php
function product(){
	$x = 4;
	$y = 3;
	return $x * $y;
}
?>

By eliminating the echo statement and replacing it with a return statement, the function will purely return results of multiplying 4 by 3 to the caller. This makes the functions a value-returning function.
Executing Value-Returning Functions
To execute a value-returning function is more or less similar to the process of executing a normal function. The only difference is that we should be cognizant of the fact that the function being called will only return results. Hence, it is at the point of calling onwards that any desire to printout the results should be considered. Hence, one obvious approach is to subject the function call to an echo statement.

Syntax
echo function_name(argument-list);

Just like for a normal function, the list of arguments is supplied in the function call if and only if the function being called to execute has parameters in its definition. Otherwise, in cases where no parameter is to be passed to the function, then the brackets must remain, but left empty.

Example
The following is an example of a call to the value-returning product() function created in the previous subsection to compute the product of two numbers stored in variables x and y.
<?php
	echo product();
?>

Notice the fact that the function call has been subjected to an echo statement. This facilitates display of value 12 that is returned by the function. In case the echo statement is not added to the function call, there will be no errors at all, however, nothing will be displayed on the browser. This is because the function will have executed successfully following the call, but, since the results returned have not been printed, nothing appears.
Value-returning functions come with their own advantages with the main one being the fact that the function gives the programmer the liberty to decide what to do with the results returned by the functions. Two main ways to use such results:
1. Print them as they are by directly passing the function call to an echo statement, as demonstrated in the previous example.
2. Pass the results to other functions or expressions in cases where further actions must be performed to the returned results rather than just printing them as they are.

Example
Consider the following simple PHP scripts that computes total deductions from an employee’s monthly salary.
<?php
	$nssf = 200;	//national social security insurance fund
	$nhif = 400;	//national health insurance fund

	function pension(){
		$basicpay = 40000;
		$rate = 5;
		$pension = ($rate/100)*$basicpay;
		return $pension;
	}
	
$deductions=$nssf+$nhif+pension();		//total deductions from the salary
	
	echo $deductions;
?>

The script uses a value-returning function to compute pension, which is 5% of the basic pay. The pension together with the National Social Security Fund (NSSF) and National Hospital Insurance Fund (NHIF) are then summed together to generate total deductions. Notice the fact that the value returned by the pension() function has been directly passed to the expression computing deductions before a separate echo statement is used to display the total deductions. The script will display 2600 as the output, which is the sum total of deductions. This is a good demonstration of the flexibility in the use of value-returning functions.
Functions with Parameters
As earlier mentioned, functions can be defined in such a manner that they require parameters for execution. In such cases, the parameters must be passed as arguments at the point of calling the functions. The number of arguments passed must match the number of expected parameters in the function definition. There are two ways to pass parameters to a function, namely, pass by value and pass by reference.
Passing by value creates a local copy of the variable that is used by the function during execution [2]. As a result, any changes made to the parameter’s value within the function are lost when control is passed from the function back to the program. On the other hand, passing by reference makes the actual variable to be used within the function, which makes changes made to the variable at the point of function execution to remain as control is passed back to the program [2].

Example
Consider the modified initial script that was computing the product of two number, such that this time round the values for x and y are passed through a function call. One more enhancement has been made to make the function increment the values passed to it by 1 before computing the product. The enhancement was added to help in demonstrating of the difference between passing by value and passing by reference.
<?php
	function product($x, &$y){
		$x=$x+1;
		$y=$y+1;
		echo "The new value of x within the function is " . $x;
		echo "<br />";
		echo "The new value of y within the function is " . $y;
		echo "<br />";
		echo "The product is " . $x*$y;
	}
	$i = 4;
	$j = 4;
	
	echo "The initial values of x outside the function is " . $i;
	echo "<br />";
	echo "The initial value of y outside the function is " . $j;
	echo "<br />";
	
	product($i,$j); //call to function to execute
	
	echo "<br />";
	echo "The new value of x outside the function is " . $i;
	echo "<br />";
	echo "The new value of y outside the function is " . $j;
?>

Notice the fact that parameter definition for variable y has an ampersand (&) at the beginning. This means that its value is being passed by reference. On the other hand, the absence of an ampersand on variable x is an indicator that its value if being passed by value. Figure 1 shows the output upon execution of the script.
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Figure 1. Output for Passing Parameter By Value and By Reference

From the output in Figure 1, it is evident that specifying arguments in a function call passes the values to the function for execution. Furthermore, the value of variable x remains consistent outside the function even after the function increased it by 1. This is the case because it was passed by value hence changes made to the variable’s value within the function were not sent back to the main script outside the function. Conversely, the value of variable y changes immediately after execution of the function, such that it gets incremented by 1. This is the case because it was passed by reference hence changes made to the variable’s value within the function were sent back to the main script outside the function. The example has clearly demonstrated the logic behind the two methods of passing parameters. It is normally for a programmer to decide whichever option to use depending on the scope of use of any given variable. 
Variable Scope
Variables can be categorized as either local or global depending on how and where they are declared and used. Local variables are declared and used within functions. Such variables cannot be accessed and/or used outside the function that declared them. For instance, consider a script for computing total deductions from an employee’s monthly salary as shown below.

<?php
	$nssf = 200;	//national social security insurance fund
	$nhif = 400;	//national health insurance fund

	function pension(){
		$basicpay = 40000;
		$rate = 5;
		$pension = ($rate/100)*$basicpay;
		return $pension;
	}
	
	$deductions=$nssf+$nhif+pension();		//total deductions from the salary
	
	echo $deductions;
?>

Variables $basicpay, $rate and $pension are local variables since they are declared within the function. Any attempts to use them outside the pension() function will pop an error. 
A global variable on the other hand is declared outside the body of a function. Such a variable is available throughout the entire program. For instance, in the above example, $nssf, $nhif and $deductions are global variables since they are defined outside the function. They are hence meant to be accessed and/or used freely in the entire script. That is normally the case for most programming languages. However, in PHP, such variables are not automatically global. They must be redefined in functions that desire to use them with the global keyword added at the beginning of the variable names. For instance, suppose we want to declare the $basicpay as a global variable and use it across the entire program, we could pull its declaration and initialization from the pension() function to the main script then have an instance of its declaration in the pension() function preceded by the global keyword as follows.

<?php
	$basicpay = 40000;
$nssf = 200;	//national social security insurance fund
	$nhif = 400;	//national health insurance fund

	function pension(){
		global $basicpay;	//the variable will be able to access the initialisation
		$rate = 5;
		$pension = ($rate/100)*$basicpay;
		return $pension;
	}
	
	$deductions=$nssf+$nhif+pension();		//total deductions from the salary
	
	echo $deductions;
?>

By making the $basicpay variable global in the pension() function, it can comfortably access the initialization value of 40000 assigned to the variable outside the function and use it within the function. Similarly, any other parts of the program that require it will use it freely.

Summary
The topic has covered functions and how they can be applied to perform any given task. Two perspectives of designing and using functions have been explored, namely, value-returning functions and non-value-returning functions. Furthermore, the topic has clearly demonstrated the concept of passing parameters by values and by reference for cases where functions require parameters for execution. Finally, the scope of variables with respect to how and where they can be accessed and used has also been covered and demonstrated.   

[bookmark: _heading=h.2et92p0]Check Points
1. Discuss the reason behind the existence of functions in programming.
2. Differentiate between value-returning and non-value-returning functions.
3. Describe the approach used to execute functions requiring parameters and those not requiring parameters.
4. Differentiate between passing by value and passing by reference as two mechanisms used to pass parameters to functions.
5. Using appropriate examples describe the difference between local and global variables.

Learning Resources
Core Textbooks
1. Brooks, D.R., 2017. Programming in HTML and PHP. Switzerland: Springer.
2. Gosselin, D., Kokoska, D. and Easterbrooks, R., 2010. PHP Programming with MySQL: The Web Technologies Series. Cengage Learning.
Other Resources
3. https://www.w3schools.com/php/DEFAULT.asp 
4. https://www.tutorialspoint.com/php/index.htm 
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The initial values of x outside the function is 4
The initial value of y outside the function is 4
The new value of x within the function is 5
The new value of y within the function is 5
The product is 25
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