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Description
This topic aims to start diving deep into PHP programming by exploring variables, constants, and data types. You will get introduced to how to declare and use variables and constants. Furthermore, the topic will expose you to the various data types and how they can be used in programming. The concepts of variables, constants and data types is somehow consistent across most programming languages.
Learning Outcomes
By the end of this topic, you will be able to:
· Declare and use variables and constants.
· [bookmark: _heading=h.1fob9te][bookmark: _heading=h.3znysh7]Understand the various PHP data types and apply them in practice.
Introduction
Writing and executing statements is not the only goal that programmers aim to achieve. Rather, programmers also require mechanisms to manage data during program executions. The management of data addresses how to temporarily hold data as it gets manipulated throughout the program; how to pass data from one section of the code to the other; how to render data as operands in expressions and or as parameters in functions; among other tasks. This hence brings out the need for variables and constants, that act as stores for information within a program’s lifecycle. Variables and constants are normally implicitly or explicitly associated data type as they get declared for usage in the program.  
Variables
Variables are discrete information-holding units that can be associated with specific locations in computer memory [1]. They serve as containers for data, as a central concept to all high-level programming languages. By defining a variable, you basically create a location in memory where data could be stored. 
Defining Variable
Defining a variable requires a variable name to be determined first. A variable name acts as an identifier for that variable. The following are the rules and conventions for naming a variable in PHP [2], most of these rules apply in other programming languages:
1. The identifier must begin with a dollar sign ($).
2. The identifier may contain letters of the alphabet, whether uppercase or lowercase, numbers or an underscore (_).
3. The first character after the dollar sign must be a letter.
4. The identifier cannot contain spaces.
5. Identifiers are case sensitive.
The process of defining a variable is commonly referred to as variable declaration. There are two main approaches that could be used to achieve this:
1. Declaration of variables without initialisation
[bookmark: _Hlk67994992]Syntax
$variablename;
Example
<?php
$age;		//declares a variable called age
$F_Name;	//declares a variable called F_Name
?>

2. Declaration of variables together with initialization of values to the variables
Syntax
$variablename = value;

Example
<?php
[bookmark: _Hlk67995729]$age = 10;	//declares a variable called age then initializes it to 10.
$F_Name = “John Doe”;	//declares a variable called F_Name then initializes it to John Doe.
?>

In cases where variables are declared without initialization, as outlined in option 1, the initialization or assigning of values to the variable must follow later in the program. The approach is rarely used in PHP since many programmers deem it irrelevant, hence, a waste of time and unnecessary increase on code length.
Using Variable
Once a variable has been declared, it can be used in the code that follows afterwards. This means that a variable cannot be referenced before it has been declared. Part of this usage could include incorporation in arithmetic expressions, or in echo statements, among other uses.
The following example demonstrated how variable values could be displayed using an echo statement.
<?php
$age = 10;	//declares a variable called age then initializes it to 10.
echo $age;	//use the echo statement to display variable contents.
?>

Notice the fact that to display contents of a variable requires passing the entire variable name, including the dollar sign in an echo statement. Be sure not to enclose the variable in quotation marks. Note that, enclosing the variable in quotation marks will make them to become literal strings as opposed to being variables.
PHP just like other programming languages also permits concatenation of strings, variables, or both at any given point in the code. In this case, a dot (.) or comma (,) is used to implement concatenation. 
Syntax
“literal string” . “literal string”;
“literal string” , “literal string”;
$variablename . “literal string”;
$variablename , “literal string”;

Example
<?php
$age = 10;	//declares a variable called age then initializes it to 10.
echo “Your age is “ . $age;	//concatenate a literal string “Your age is “ with a variable called $age.
?>

In this example, the output will be “Your age is 10” such that upon execution of the code, variable $age will be replaced by its content, 10, which will be concatenated with the literal string “Your age is”. Replacing the dot (.) with a comma (,) will yield similar results.
Constants
In programming, a constant is a variable whose value does not change during program execution. For instance, π, the radius of the earth, the speed of light, among others. Just like for the case of variables, constants must be declared before they are used. Declaration of constants is however different from that of variables, such that, the dollar sign is not used. The definition instead uses the define() function.
Syntax
define(“CONSTANT_NAME”, value);

Example
<?php
define(“PI”, 3.142);	//declares a constant called PI then initializes it to 3.142.
?>

As a good programming convention, constant names should be expressed in uppercase letters, even though PHP is case insensitive.
Using Constants
Once a constant has been declared, it can be used in the code that follows afterwards. This means that a constant cannot be referenced before it has been declared. Part of this usage could include incorporation in arithmetic expressions, or in echo statements, among other uses.
The following examples demonstrated how constant values could be displayed using an echo statement.
<?php
define(“PI”, 3.142);	//declares a constant called PI then initializes it to 3.142.
echo PI;	//use the echo statement to display contents of the PI constant.
?>

Notice the fact that to display contents of a constant requires passing the constant name in an echo statement, as was defined. Be sure not to enclose the constant name in quotation marks. Note that, enclosing the constant name in quotation marks will make them to become literal strings as opposed to being constants.
Just like for variables, constants can also be concatenated with literal strings, variables, or other constants at any given point in the code. A dot (.) or comma (,) is used to facilitate concatenation. 
Example
<?php
define(“PI”, 3.142);	//declares a constant called PI then initializes it to 3.142.
echo “The value for PI is “ . PI;	//concatenate a literal string “The value for PI is “ with a constant called PI.
?>

In this example, the output will be “The value for PI is 3.142” such that upon execution of the code, constant PI will be replaced by its content, 3.142, which will be concatenated with the literal string “The value for PI is ”. Replacing the dot (.) with a comma (,) will yield similar results.
Data Types
A data type defines a specific category of information that a variable can contain. Data types define the kind of values that can be assigned to variables or to constants. Usage of data types in variable and constant declaration varies from one programming language to the other. Hence, one of the categorization of programming languages is based on how data types are incorporated in variable declaration, such that:
1. Strongly Typed Programming Languages – require data types to be determined upfront and included in declaration of variables. This category is sometimes referred to as static typing since the data type for any given variable does not change after declaration.
2. Loosely Typed Programming Languages – do not require upfront determination and inclusion of data types in declaration of variables. This category is sometimes referred to as dynamic typing since the data type for any given variable can change after declaration.
PHP is a good example of a loosely typed programming language while C, Java, C++ are some notable examples of strongly types programming languages. In cases where a programming language is loosely typed, its execution engine must automatically determine the type of data stored in a variable then accordingly assign a data type to the variable [2]. It is worth noting that the amount of storage location in a computer varies based on the data types assigned to the variable [1]. Similarly, operations to be performed on any given variable is determined by its data type. Hence, whether the data type is explicitly or implicitly defined, the amount of storage and type of operations vary from one data type to the other.
PHP support string, integer, float, and Boolean primitive data types, that can only be assigned single values. Additionally, two reference or composite data types are also supported by PHP to allow assignment of multiple values or complex types of information. These are arrays and objects. Table 1 summarizes characteristics of the primitive data types.
Table 1: Characteristics of Primitive Data Types
	Data Type
	Category
	Minimum Value
	Maximum Value
	Precision

	Integer
	Numeric
	-231
	231-1
	From +2,147,483,647 to -2,147,483,648

	Float
	Numeric
	2-149
	(2-2-23).2127
	From 3.402,823,5 E+38 to 1.4 E-45

	String
	Alphanumeric
	-
	-
	-

	Boolean
	-
	-
	-
	True, False



As a result of PHP being a loosely typed programming language, the following example demonstrates how the data type of a given variable can change whenever it is assigned a new value.
<?php
$x = “Hello World”;	//string data type
$x = 3.142;	//float
$x = 2;		//integer
$x = TRUE	//Boolean
?>

Note the fact that variable $x starts as a string. However, by the end of the code, it will have transitions through different data types then end up being a Boolean. This is normally the scenario for loosely typed programming languages.
Array Data Type
An array is a set of data represented by a single variable name. In the case of tightly typed programming languages, a given array must contain data of the same data type. This is because the definition of the array must define the data type, just like for the case of variable declaration. On the other hand, loosely typed programming languages permit mixed data types within one array.
An array basically organizes data in such a manner that data is stored the same distance apart in memory and each data item is referenced using a single variable name. Indices are then used to distinguish the various data items stored in the array. In most programming languages, including PHP, the default array numbering indices begins from 0, since the array index is an offset from the beginning of the location in memory where the array is stored, i.e. the first element is located at an offset of 0 bytes.  
In PHP, arrays can be declared using either of the following two approaches:
1. Using the array() construct
Syntax
$array_name = array(values from mixed data types);

Example
The following example create an array called continents with three examples of continents assigned to it.
<?php
$continents = array(“Africa”, ”Asia”, ”Europe”);
?>

2. Using an array name and brackets
Syntax
$array_name[] = value;

Example
The following example does exactly what was done in the previous example but using the second approach for defining arrays.
<?php
$continents[] = ”Africa”;
$continents[] = ”Asia”;
$continents[] = ”Europe”;
?>

Accessing elements stored in an array requires specifying the index which determines the exact position where the respective element is located.
Syntax
$array_name[index];

Example
To access continent “Asia” in the previous array, we use the following statement
<?php
$continents[1];
?>

Such a statement can comfortably be part of an echo statement to display the results on the browser. For instance,
<?php
echo $continents[1];	//accesses and displays “Asia” on the browser
?>

Arrays can also be concatenated with string literals, variables and constants using concatenation rules and approach discussed previously under variables and constants.

Summary
The topic has exposed you to variables and constants that will be applied in many examples throughout the course. It has covered declaration and use of variables and constants. Through the topic, you have explored data types and how their usage can be used to categorise programming languages as either tightly or loosely typed. PHP stands out as a good example of a loosely typed programming language.
[bookmark: _heading=h.2et92p0]Check Points
1. Describe the process of declaring and using variables.
2. Describe the process of declaring and using constants.
3. Describe the concept of data types and why they are of importance in programming.
4. Differentiate between tightly typed and loosely typed programming languages.
5. State some examples of tightly typed and loosely typed programming languages.

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 

References
[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.
