


Chapter 5: Collections



So far, we’ve met primitive data types such as strings, numbers and Booleans. But what if we want to store a whole collection of values in a single variable? For example, we might have a list of prices that we want store in the same place. Composite data types can be used to collect primitive values in a structured way.

Programming languages use a variety of different data structures to store values, but one of the most common is an array.

In this chapter, we’ll be covering the following:


	creating arrays

	adding values to arrays

	removing values from arrays

	the spread operator

	multi-dimensional arrays



Arrays

An array is an ordered list of values. For example, consider the following shopping list:


	Apple

	Banana

	Cupcake



This could be represented as the following array:

['Apple', 'Banana', 'Cupcake']


[image: A fruity array]

Each value in the array has a numerical index that shows its position in the array. In the example above, 'Apple' has an index of 0 (remember that computers start counting at zero!), 'Banana' has an index of 1, and 'Cupcake' has an index of 2.

[image: A fruity array with indices]

Arrays can contain any type of value, such as numbers:

[2, 3, 5, 7, 11]


Or strings:

['Dog', 'Cat', 'Rabbit']


Or Booleans:

[ false, true, true, false, true ]


In most languages, including JavaScript, you’re not restricted to using the same types of items inside arrays either. This array contains a variety different data types:

[ null, 1, 'two', true ]


Arrays in JavaScript

Now that we’ve been introduced to arrays, let’s try coding some of them in JavaScript! To create an array literal, you simply write the values, separated by commas, inside a pair of square brackets. For example, we can create the shopping list example that we met earlier by entering the following in a console:

const shopping = ['Apple', 'Banana', 'Cupcake'];


To access a specific value in an array, we write its position in the array in square brackets. (This is known as its index.) For example, the following code will return the first item in the array:

shopping[0];
<< 'Apple'


(I hope you’ve remembered by now that the first item has an index of zero!)

If we wanted to see the value at index 2 of the array (the third item in the shopping list), we’d use the following code:

shopping[2];
<< 'Cake'


If an element in an array is empty, undefined is returned, as can be seen if we try to see what’s at index 5:

shopping[5]; // there's nothing at position 5
<< undefined


Adding Values to Arrays

If we want to add a new item to an array that we’ve already created, we can simply assign the value to the position that we want it to go in, using index notation. For example, the following code will add 'Donut' at position 3 in the array (which is the fourth item in the shopping list, remember):

shopping[3] = 'Donut';


We can take a look at the contents of the shopping array by simply typing its name into the console:

shopping;
<< ['Apple', 'Banana', 'Cake', 'Donut']


[image: The updated shopping list]

Each item in an array can be treated like a variable. You can change the value using the assignment operator =. For example, we can change the value at position 2 from 'Cake' to 'Carrot' using the following code:

shopping[2] = 'Carrot';


Let’s check that this change has been made:

shopping;
<< ['Apple', 'Banana', 'Carrot', 'Donut']


[image: A carrot added to the shopping list, in place of the cupcake]

You can use the index notation to add new items to any position in an array. For example, the following code will add 'Eggplant' at position 5:

shopping[5] = 'Eggplant';


When we take a look at the shopping array in the console now, we can see that the sixth item (with an index of 5) has been filled with the string 'Eggplant'. This has left a gap in the array at position 4, so this unused position in the array is filled by the value undefined:

shopping;
<< ['Apple', 'Banana', 'Carrot', 'Donut', undefined, 'Eggplant']


[image: A longer shopping list, with one item undefined]

Removing Values from Arrays

The delete operator can be used to remove an item from an array. For example, if we decide that we really shouldn’t be buying donuts, we could remove the value 'Donut' from our shopping array using the following code:

delete shopping[3];
<< true


This removes the donut directly from its place in the list, leaving an empty slot in the array, as shown in the diagram below.

[image: A visual representation of an item being deleted from the array]

Now, if we take a look at the shopping array, we can see that the string Donut (with an index of 3), has indeed been removed … and a value of undefined has been left in its place:

shopping;
<< ['Apple', 'Banana', 'Carrot', undefined, undefined, 'Eggplant']


[image: The updated shopping list]

Watch out for this, as it can even trip up experienced programmers. The value that was in position 3 ('Donut') has been deleted from the array, but the space that it occupied is still there, and it now contains a value of undefined. This means that the array still has the same number of elements, and the position can still be referenced as an index, but it will just return undefined:

shopping[3];
<< undefined


Finding the Length of an Array

Every array has a length property that tells us how many items it contains. For example, we can find the number of items in the shopping array using the following code:

shopping.length;
<< 6


Notice that the length is 6 because the positions that contain undefined are also counted when calculating the length of the array.

The value of the length property can be placed inside square brackets as part of the index to find the last item in an array. For example, the following code tells us the last item on our shopping list:

const length = shopping.length;
shopping[length - 1];
<< 'Eggplant'


This tells us that 'Eggplant' is the last item in the array, but notice that we have to subtract 1 from the length property. This is because the index starts at 0, so the last item in the array will have an index of one less than the array’s actual length.

The length property of an array isn’t fixed, which means that you can dynamically change the length of an array by adding or removing items. In fact, the length property is mutable, which means you can change it directly, like so:

shopping.length = 8;
<< 8


This will make the length of our shopping array 8 instead of 6. If we take a look at the array, we can see that the extra slots are now empty:

shopping;
<< ['Apple', 'Banana', 'Carrot', undefined, undefined, 'Eggplant', undefined, undefined]


[image: Our list now with a length of 8]

If we change the length of the array to a value shorter than its current length, all the extra elements will be removed completely. The following code will keep the first three items in the array and remove all the rest:

shopping.length = 3;
<< 3


Now if we check the contents of the array, we can see that only the first three items remain:

shopping;
<< ['Apple', 'Banana', 'Carrot']


[image: A shorter shopping list]


No Second Chances


Once you make an array shorter by editing its length property, any items that are removed are lost for good. If you try to change the length back to 8, it will just add undefined into all the extra spaces rather than filling them with the values that were there before:


shopping.length = 8;
<< ['Apple', 'Banana', 'Carrot', undefined, undefined, undefined, undefined, undefined,]


For this reason, be very careful not to lose any values you’ll need later when changing the length of an array.






Popping and Pushing

Arrays have methods called pop and push that can be used to remove or add items.

The pop() method removes the last item from an array. To see it in action, let’s create a new shopping list array:

const shopping = ['Apple', 'Banana', 'Carrot', 'Donut', 'Eggplant']


[image: A new list of five items]

We can remove the last item in the array using the pop() method, which will “pop” the last item out of the array, as shown in the diagram below.

[image: Popping the last item out of the array]

The code below shows how the method is applied to the shopping array:

shopping.pop();
<< 'Eggplant'


The method returns the last item of the array and also updates the array so that it no longer contains the item. If we take a look at the shopping array, we’ll see that it no longer contains the string 'Eggplant':

shopping;
<< ['Apple', 'Banana', 'Carrot', 'Donut']


[image: Our array sans Eggplant]

If we instead want to add a new value to the end of an array, we can use the push() method. For example, it can be used to add a cupcake to the end of the shopping array, as illustrated in the diagram below.

[image: A cupcake pushed onto the end]

We would use the following code to do this in the console:

shopping.push('Cupcake');
<< 5


The method returns the new length of the array, which is 5, as the array now contains 5 items. We can check that 'Cupcake' has been added by just typing shopping in the console:

shopping;
<< ['Apple', 'Banana', 'Carrot', 'Donut', 'Cupcake']


[image: The cupcake has been added to the list]

Shifting and Unshifting

The shift() method is similar to pop, the difference being that it removes the first item in the array:

shopping.shift();
<< 'Apple'


Notice that it returns the value of the first item that has been removed from the array. 

[image: How the shift method works]

The unshift() method is similar to the push() method, but it adds a new item to the beginning of the array. For example, we could add 'Avocado' to the beginning of our shopping array using the following code:

shopping.unshift('Avocado');
<< 5


[image: Adding an item to the start of the array with unshift()]

The return value is the length of the array after the new item has been added. We can have a quick check to confirm that it has indeed been added:

shopping;
<< ['Avocado', 'Banana', 'Carrot', 'Donut', 'Cupcake']


[image: The shopping list with the added avocado]

The Spread Operator

The spread operator is an ellipsis of three dots (...) placed in front of an array that sits inside another array. It spreads out all the elements of the array into separate values. 

If you think of an array as being like a box full of values, then the spread operator is the equivalent of emptying the contents of the box into another box.

To see the spread operator in action, try creating an array in the console:

const arrayA = [1,2,3];


This creates an array called arrayA that contains three elements.

Now, say we wanted to place all three elements from arrayA into a new array called arrayB. We might try doing something like this:

const arrayB = [arrayA];


Unfortunately, all we’ve done is place the whole of arrayA into arrayB. This is the equivalent of putting a box of values inside another box. This can be seen by the fact that arrayB only contains just one element, as we can see if we look at the length property:

arrayB.length;
<< 1


If we take a look at the contents of arrayB, we can see that the one item it contains is an array that matches arrayA (this is called a “nested array”, which we’ll discuss later in the chapter). This is because all the elements are still grouped together inside arrayA:

arrayB;
<< [[1,2,3]]


If we apply the spread operator to arrayA when it’s placed inside another array, arrayC, it will unpack all the elements out and treat them as three separate values:

const arrayC = [...arrayA];


Now if we look at the length of arrayC, we can see that is does indeed contain three separate elements:

arrayC.length;
<< 3


And if we take a look at the contents of arrayC, we can see that it contains the same elements as arrayA:

arrayC;
<< [1,2,3]


The spread operator can be used to merge the elements of two or more arrays together in a new array. To see this in action, let’s create three different arrays containing different types of food:

const fruit = ['Pineapple', 'Melon'];
const savory = ['Burger', 'Fries'];
const sweets = ['Cookie', 'Popcorn'];


We can now merge these three arrays into one array called food by placing them all inside a new array and applying the spread operator to each array so that all the elements are unpacked from their arrays into separate values:

const food = [...fruit, ...savory, ...sweets];
<< undefined


We can check this has worked by taking a look at the food variable:

food;
<< ['Pineapple', 'Melon', 'Burger', 'Fries', 'Cookie', 'Popcorn']


[image: A visual of our new, combined array]

As you can see, all the items have been spread out of their original array containers and placed separately inside the new food array.

If the spread operator hadn’t been used, the items in the new array would still have been enclosed inside their original arrays, as can be seen in the code below:

const food = [fruit, savory, sweets];
<< [['Pineapple', 'Melon'], ['Burger', 'Fries'], ['Cookie', 'Popcorn']]


The spread operator can also be used to add new items to an array. For example, if we wanted to add 'Coffee' to the end of the food array, instead of using the push() method, we could use the following code:

food = [...food, 'Coffee'];


In this example, the spread operator unpacks all the items out of the food array and places them inside the new array as separate items.

And instead of using the unshift() method to add the string 'Coconut' to the beginning of the array, we could use the following code instead:

food = ['Coconut', ...food];


In fact, you could add 'Coconut' to the front of the array and 'Coffee' to the end in a single step using the following code:

food = ['Coconut', ...food, 'Coffee'];


We can see the result of this operation by taking a look at the contents of the array:

food;
<< ['Coconut', 'Pineapple', 'Melon', 'Burger', 'Fries', 'Cookie', 'Popcorn', 'Coffee']


[image: A visual of our new food array]

Slicing and Splicing

The slice() method creates a subarray, effectively chopping out a slice of an original array starting at one position and finishing at another. For example, if we wanted to find the third and fourth items in our food array, we would use the following code:

food.slice(2,4);
<< ['Melon', 'Burger']


The first number in the parentheses tells us the index to start the slice at, and the second number tells us the index that the slice goes up to, without including that item. So in the example above, the slice will start at 'Melon', which has an index of 2, and then include all the items up to, but not including, the item with an index of 4, 'Fries'.

This operation is non-destructive, so no items are actually removed from the array, as we can see if we take a look at the food array:

food;
<< ['Coconut', 'Pineapple', 'Melon', 'Burger', 'Fries', 'Cookie', 'Popcorn', 'Coffee']


The splice() method removes items from an array and then inserts new items in their place. For example, the following code removes the string 'Melon' and replaces it with 'Mango':

food.splice(2, 1, 'Mango');
<< ['Melon']


The first number in the parentheses tells us the index at which to start the splice. In the example we started at index 2, which is the third item in the array ('Melon'). 

The second number tells us how many items to remove from the array. In the example, this was just the one item. 

The next value is then inserted into the array at the place where the items were removed from. In this case, the string 'Mango' is inserted into the array at index 2. 

Notice that the splice() method returns the items removed from the array as a new array, so in the example, it returned the array ['Melon'].

Splicing permanently changes the value of the array, as we can see below:

food;
<< ['Coconut', 'Pineapple', 'Mango', 'Burger', 'Fries', 'Cookie', 'Popcorn', 'Coffee']


[image: No more melon!]

The splice() method is a particularly flexible method, as it can be used to insert or remove values from an array. Be careful, though: it’s a destructive method, which means that it changes the array permanently.

To insert values into an array at a specific index without removing any items, we simply indicate that zero items are to be removed:

food.splice(4,0,'Pizza');
<< []


An empty array is returned (because nothing was removed), but the new value of 'Pizza' has been inserted at index 4, which we can see if we look at the food array:

food;
<< ['Coconut', 'Pineapple', 'Mango', 'Burger', 'Pizza', 'Fries', 'Cookie', 'Popcorn', 'Coffee']


[image: Pizza added to the feast]

We saw earlier that we can use the delete operator to remove an item from an array. Unfortunately, this leaves a value of undefined in its place. If you want to remove a value completely, you can use the splice() method with a length of 1 and without specifying any values to add. For example, if we want to remove 'Burger' (at index 3) from our food array, we could use the following code:

food.splice(3,1);
<< ['Burger']


As you can see, the value that is removed will be returned as an array containing that value.

If we now look at the food array, we can see that the string 'Burger' has been removed completely, without leaving any empty spaces:

food;
<< ['Coconut', 'Pineapple', 'Mango', 'Pizza', 'Fries', 'Cookie', 'Popcorn', 'Coffee']


[image: Burger off]

Finding If a Value Is in an Array

We can find out if an array contains a particular value using the indexOf() method to find the first occurrence of a value in an array. If the item is in the array, it will return the index of the first occurrence of that item:

food.indexOf('Pizza');
<< 3


If the item isn’t in the array, it will return -1:

food.indexOf('Burger');
<< -1


Arrays also have the includes() method. This returns a Boolean value depending on whether the array contains a particular element or not:

food.includes('Pizza');
<< true

food.includes('Burger');
<< false


You can also add an extra parameter to indicate which index to start the search from. For example, the following code starts searching for the string 'Coconut' from index 1 (the second item in the array) onwards, so returns false, as the string appears before then:

food.includes('Coconut', 1);
<< false


Joining Array Items into a String

The join() method can be used to turn the array into a string that comprises all the items in the array, separated by commas:

food.join();
<< 'Pineapple,Melon,Fries,Bread,Cookie,Popcorn'


You can choose another separator instead of a comma by placing it inside the parentheses. Let’s try using an ampersand with a space on either side:

food.join(' & ');
<< 'Pineapple & Melon & Fries & Bread & Cookie & Popcorn'


Reversing the Order of Array Items

We can reverse the order of an array using the reverse() method. For example, if we use it on the food array, we’ll get the following:

food.reverse();
<< ['Coffee', 'Popcorn', 'Cookie', 'Fries', 'Pizza', 'Mango', 'Pineapple', 'Coconut']


[image: Backward food]

Note that this changes the order of the array permanently.

Sorting Array Values

We can sort the items of an array into order using the sort() method. Calling this method on the food array will rearrange the array items into alphabetical order:

food.sort();
<< ['Coconut', 'Coffee', 'Cookie', 'Fries', 'Mango', 'Pineapple', 'Pizza', 'Popcorn']


[image: Sorted food]

Note that this also changes the order of the array permanently.


Alphabetical Numbers


Strings are sorted in alphabetical order by default, but so are numbers! This means that numbers are sorted by their first digit, rather than numerically. For example, 9 will come after 10, so you’ll get crazy results like those shown below:


[5, 9, 10].sort();
<< [10, 5, 9]


Don’t worry, though. This can be fixed using something called a “callback”, which we’ll be covering later in the book.






More Methods

There are loads more things that arrays can do. A full list of properties and methods can be found on the Mozilla Developer Network. Take a look and see if you can find any interesting ones and try using them in the console.

Multi-dimensional Arrays

You can create an array of arrays, known as a multi-dimensional array, by placing multiple arrays inside a container array. This could be used to create a coordinate system, for example:

const coordinates = [[1,3],[4,2]];
<< [[1,3],[4,2]]


To access the values in a multidimensional array, we use two indices—one to refer to the item’s place in the outer array, and one to refer to its place in the inner array:

coordinates[0][0]; // The first value of the first array
<< 1

coordinates[1][0]; // The first value of the second array
<< 4

coordinates[0][1]; // The second value of the first array
<< 3

coordinates[1][1]; // The second value of the second array
<< 2


The structure of the two-dimensional array can be seen in the image below.

[image: A two-dimensional array]

The spread operator that we met earlier can be used to “flatten” multi-dimensional arrays. Flattening an array involves removing all nested arrays by taking all the values out of their arrays and placing them on the same level in the parent array. You can see in the example below that just placing the summer and winter arrays inside a container array will create a nested array, but if we use the spread operator when placing the arrays inside the container array, we get a flat array that only contains their contents:

const summer = ['Jun', 'Jul', 'Aug'];
const winter = ['Dec', 'Jan', 'Feb'];
const nested = [ summer, winter ];
<< [ [ 'Jun', 'Jul', 'Aug' ], [ 'Dec', 'Jan', 'Feb' ] ]

const flat = [...summer, ...winter];
<< [ 'Jun', 'Jul', 'Aug', 'Dec', 'Jan', 'Feb' ]

JavaScript also has the flat() method, which will flatten an array without the need for the spread operator, as can be seen below:

[ [ 'Jun', 'Jul', 'Aug' ], [ 'Dec', 'Jan', 'Feb' ] ].flat();
<< [ 'Jun', 'Jul', 'Aug', 'Dec', 'Jan', 'Feb' ]


A summary of creating and manipulating arrays can be found in this post on SitePoint.

Challenges


	Create a variable called shoppingList that starts as an empty array. Experiment using pop, push, shift, unshift and splice, along with the spread operator, to add and remove items from the list. You can see my code on CodePen.



	Use three prompt boxes to ask the user for three different words and then place them in an array. Use an alert box to display the array. You can see my code on CodePen.



	Use a prompt box to ask the user to enter a word. Then use the a combination of the split, reverse() and join() methods to write the word backwards. For example, “hello” would become “olleh”. (Hint: provide an empty string as the parameter to the split() and join() methods.) You can see my code on CodePen.



	Write a snippet of code that asks the user for a list of comma-separated names in a prompt and that then creates an alert that displays the names in alphabetical order. You can see my code on CodePen.





Summary


	Arrays are an ordered list of values. 

	An array literal is written using square brackets containing comma-separated values—such as [2,3,5,7].

	Arrays can contain any type of value—even other arrays!

	The index is used to reference a specific item in an array. For example, myArray[0] refers to the first item in myArray.

	Multi-dimensional arrays are arrays that contain other arrays.

	Arrays have many methods that can be used to add, remove and manipulate items in the array.

	The spread operator is used by placing an ellipsis of three dots in front of an array. It has the effect of taking all the values out of the array and listing them as separate values inside a new array.



Now that we’ve learned about different types of data and collections of data, it’s time to move on and learn how to control the flow of the program using logic, which we’ll be covering in the next chapter.






Chapter 9: Objects



Objects are abstract data types used in programming. They can be used to represent real-world objects such as people, animals or places, as well as more abstract concepts such as bank account details, dates or file structures.

In some languages, such as Ruby, practically everything is an object. There are no primitive values, just objects. Even the number zero is an object. A large number of languages, such as Java, are class-based languages. These involve creating classes that act as a blueprint for creating all the objects in that class. For example, a Car class might specify that all Car objects will have an engine, four wheels and a choice of color.

JavaScript is not a class-based language (although you can define classes if you want to, as we’ll see later in the book). It allows you to create objects quickly and easily without the need for defining a class first.

In this chapter, we’ll be covering the following topics:


	properties and methods

	creating object literals

	object properties

	object methods

	nested objects

	this



Properties and Methods

Objects can have properties and methods. Properties are information about the object and methods are actions that the object can perform.

For example, we could represent an octopus using the following object model.

Octopus

[image: An octopus]


	Properties

	Name: “Octavius”

	Legs: 8


	Methods

	Swim

	Walk

	Regrow leg (yes, they can really do that!)




Objects are often used to keep any related information and functionality together in the same place. For example, if you were writing some code involving a square, you might create a “square” object with the following properties and methods.

Square

[image: ]


	Properties

	Length: 5


	Methods

	Perimeter = 4 * Length

	Area = Length * Length





Creating Objects in JavaScript

Object literals are a distinguishing feature of the JavaScript language, as they allow objects to be created quickly without the need for defining a class, which is common in many other languages. An object literal is a self-contained set of related values. Properties can be of almost any data type, such as numbers, strings, Booleans, arrays, or even other objects. If a property is a function, then it’s known as a method.

To create an object literal in JavaScript, simply enter a pair of curly braces. The following example creates an empty object that’s assigned to the variable myObject:

const myObject = {};


You don’t have to start with an empty object. You can place the properties and methods inside the curly braces. The following code could be used to represent information about a square:

const square = { 
    sides: 4,
    length: 5,
    perimeter: 20,
    area: 25
}


Each property has a key and an associated value. In the example above, the first property has a key of sides and its value is 4. Each key–value pair is separated by a comma.


Trailing Commas


Notice above how the last key–value pair doesn’t end with a comma. These days, this “trailing comma” is optional, but before ECMAScript 5, a trailing comma would have thrown an error. As long as your code doesn’t need to work in older browsers (which is an important consideration), including a trailing comma can be useful if you’re likely to add further key–value pairs to your object later on, because it means you don’t have to remember to add the comma later. As a general rule, I won’t be using trailing commas in this book.







Methods

Methods look similar to the other properties, but are defined as a function. The following code shows how we would create an object literal to represent a duck with a quack() method:

[image: A duck]

const duck = {
  name: 'Quacky',
  legs: 2,

  quack: function() {
    alert('QUACK! QUACK!');
  }
};


There’s also an alternative notation for describing methods that omits the function keyword and just places parentheses after the method name:

const duck = {
  name: 'Quacky',
  legs: 2,

  quack() {
    alert('QUACK! QUACK!');
  }
};


This way of writing methods was only introduced into JavaScript quite recently, but has become popular due to it requiring less typing.

Guess Again

Remember the four characters from our mini game of Guess Who? in Chapter 6? 

[image: Guess Who?]

We could create objects to represent each of them. Each object would contain properties describing their name and Boolean values to indicate if they’re wearing glasses and a hat or not. For example, the following object would represent Alfie:

const alfie = {
  name: 'Alfie',
  picture: '🤵🏾',
  glasses: no,
  hat: no
}


Creating Objects from Variables

We can also create objects using variables that already exist, as can be seen in the example below:

const name = 'Dumbo';
const legs = 4;
const fly = () => console.log('Fly, fly away!');

const elephant = { name, legs, fly };


[image: An elephant]

Notice that if the variables have already been declared and assigned to values or functions, you only have to place the variable names inside the object literal and it will assign the properties and methods to match the variables. 

This is an example of object property shorthand syntax that makes it easier to create an object with property and method names that are the same as variables and functions that already exist. The long-hand version would involve some pointless repetition when creating the elephant object:

const elephant = {
  name: name,
  legs: legs,
  fly: fly
}


Properties and Methods

You can access the properties of an object using the dot notation that we’ve already seen in previous chapters. The example below shows how we can access the name property of the elephant object:

elephant.name;
<< "Dumbo"


You can also access an object’s properties using bracket notation. The property is represented by a string inside square brackets, so it needs to be placed inside single or double quotation marks:

elephant['name'];
<< "Dumbo"


The dot notation for accessing properties is by far the most common, but bracket notation can come in handy if the name of the property is stored as a string. For example, if you had a variable called info that was equal to the string 'name', the following code would be equivalent to writing elephant.name:

const info = 'name';
elephant[info]
<< "Dumbo"


This wouldn’t work if you used elephant.info because JavaScript would try to find a property called info.

In most other cases, though, you should stick to using the dot notation.

If you try to access a property that doesn’t exist, undefined will be returned:

elephant.arms;
<< undefined


The in operator can be used to check whether an object has a particular property. So, for example, we can check if the elephant object has properties called arms or legs using the following code:

'arms' in elephant;
<< false

'legs' in elephant;
<< true


Calling Methods

Methods are just like functions, so we call them in the same way. We can refer to the object’s method using the dot or bracket notation, just like with properties, but with parentheses at the end, so we would use the following code to call the fly method:

elephant.fly()
<< "Fly, fly away!"


[image: “Fly, fly away!”]

You can also use the square bracket notation to call methods:

elephant['fly']();
<< "Fly, fly away!"


Adding More Properties and Methods

Objects are mutable by default, which means that their properties and methods can be changed or removed and new properties and methods can be added, even if they were declared using const.


Frozen Objects


It’s possible to freeze an object and make it immutable. We won’t be going into that here, but you can can read more about it on the Mozilla Developer Network site.






New properties and methods can be added to objects at any time in a program. This is done by simply assigning a value to the new property. For example, if we wanted to add a new ears property to our elephant object, we would do it like so:

elephant.ears = 2;
<< 2


Now if we take a look at the elephant object, we can see that it has the ears property:

elephant;
<< { name: 'Dumbo',
    legs: 4,
    ears: 2,
    fly: [Function: fly]  }


Changing Properties

You can change the value of an object’s properties at any time using assignment. For example, we can change the value of the name property like this:

elephant.name = 'Elmer';
<< 'Elmer'


We can check the update has taken place by taking a look at the object:

elephant;
<< { name: 'Elmer',
    legs: 4,
    ears: 2,
    fly: [Function: fly]  }


Removing Properties

Any property can be removed from an object using the delete operator. For example, if we wanted to remove the fly method from the elephant object (because Elmer can’t fly, of course!), we would enter the following:

delete elephant.fly;
<< true


Now if we take a look at the elephant object, we can see that Elmer can no longer fly:

elephant;
<< { name: 'Elmer',
    legs: 4,
    ears: 2  }


Nested Objects

It’s even possible for an object to contain other objects. These are known as nested objects. 

Here’s an example of an object that contains a group of nested objects. Each nested object represents a different shape. The container object has been assigned to the variable shapes:

const shapes = {
  triangle: { sides: 3 },
  square: { sides: 4 },
  pentagon: { sides: 5 },
  hexagon: { sides: 6 },
  octagon: { sides: 8 },
  megagon: { sides: 10e6 },
}


[image: Shapes]

The values in nested objects can be accessed by referencing each property name in order using either dot or bracket notation:

shapes.triangle.sides;
<< 3

shapes['megagon']['sides'];
<< 1000000


You can even mix the different notations (but please don’t do this if you can help it!):

shapes.hexagon['sides'];
<< 6


this

The keyword this can be used inside an object to refer to the object itself. It’s often used in methods to gain access to the object’s properties.

To see an example of when we might use this, consider the example of the square object we saw earlier:

const square = { 
    sides: 4,
    length: 5,
    perimeter: 20,
    area: 25
}


The problem with this object is that all the information about the square is hard-coded as properties. This isn’t necessary, since we can use methods to calculate the perimeter and area based on the values of the sides and length properties. We can use this to gain access to those properties. Try entering the following code in the console:

const square = { 
    sides: 4,
    length: 5,
    perimeter() { return this.sides * this.length },
    area() { return this.length * this.length }
}


The perimeter and area properties have now been changed to methods that return the desired value. Inside the body of these methods there are references to other properties of the object: this.sides is the equivalent to writing square.sides, and is the number 4.

If we call these methods, they should give us the same results as when the corresponding properties were hard-coded earlier:

square.perimeter();
<< 20

square.area();
<< 25


Using methods in this way makes the object much more flexible. If we change the value of the length property, the perimeter and area will also change to reflect this:

square.length = 8;
<< 8

square.perimeter();
<< 32

square.area();
<< 64


Roll the Dice

Let’s finish the chapter with a coding project. We’ll create a dice object that has a sides property and a roll() method that returns a number between 1 and the number of sides. 

Here’s the code to create our dice object:

const dice = {
  sides: 6,
  roll() {
     return Math.ceil(Math.random()*this.sides);
  }
}


This object has a sides property that tells us that the dice has six sides. It also has a roll() method that will return a random number between 1 and 6. 

Inside the roll() method, we use this.sides to refer to the value of the object’s sides property instead of simply hard-coding the value 6. This will make the object more flexible: if we later decide to change the number of sides, we’ll only have to change the sides property and won’t need to update the roll function.

We also use the random() and ceil() methods of the Math object, which we met in Chapter 4, to return a number between 1 and the number of sides.

Let’s take it for a spin:

dice.roll();
<< 5

dice.roll();
<< 3


Now let’s try changing the number of sides by modifying the sides property:

dice.sides = 20;
<< 20


Now the roll() method will return a random number between 1 and 20 instead, without us having to modify it:

dice.roll();
<< 12

dice.roll();
<< 18


Challenges


	Create objects that describe some of your favorite things. For example, you could create some objects that model your favorite sports stars and provide properties such as speed,power and agility. Or you could create some objects that represent products for sale on an ecommerce site, including properties such as description, price and rating. Have a play around in the console and practice reading and updating the properties and calling the methods. Top Trump cards could be a good inspiration for this challenge, as each card contains a large amount of information about their subject.



	Write objects that represent Betty, Gemma and Del in the Guess Who? game. You can see my code on CodePen.



	Create a circle object that has a radius property and calculates the circumference and area. Hint: you might need to use the Math.PI constant for this challenge. You can see my code on CodePen.



	Create a list object that has an array property called items and an add and remove() method that can be used to add items to the list. For example, list.add('Apples') should add Apples to the list.items array. Hint: you could use the functions you created in challenge 3 in the last chapter as methods. You can see my code on CodePen.





Summary


	Objects have properties that contain information about the object, and methods that are actions the object can perform.

	Object literals in JavaScript are a collection of key–value pairs placed inside curly braces ({}) and separated by commas.

	Properties can be strings, numbers, Booleans or arrays.

	Methods are stored as functions.

	An object’s properties and methods can be accessed using either dot notation or square bracket notation.

	Objects are mutable, which means that their properties and methods can be changed or removed (even if they’re created using const).

	Nested objects can be created by placing objects inside objects.

	The keyword this can be used in properties and methods to refer to the object itself.



Now that we’ve learned about all the basics of programming, it’s time to look at how our code can interact with the browser environment.







Chapter 13: Let’s Get Functional



We covered functions back in Chapter 8, but now it’s time to dig a bit deeper and look at some more advanced topics specific to JavaScript. 

In this chapter, we’ll be covering the following:


	named parameters

	the rest operator

	hoisting

	scope

	recursive functions

	closures

	functional programming

	pure functions



Named Parameters

When a function has quite a few parameters, it can be difficult to remember what order to write the arguments in when you call the function. For example, consider this function that returns a styled <div> element:

function heading(text,color,size,bgcolor){
  return `<h1 style='color:${color};background-color:${bgcolor};font-size:${size}>${text}</h1>`
}


This uses positional parameters, which means that when the function is called, the position the argument is placed in determines which parameter it’s assigned to in the function. So, if you wanted a heading of “Hello, World!”, sized to 48px, colored red on a blue background, you’d write the following:

heading('Hello, World!','red','48px','blue');


It might get difficult to remember the order those parameters are listed in when you come to call the function, which could lead to the colors getting mixed up or even worse, trying to assign a font size of red!

A number of languages use named parameters to get round this problem. With these, you can assign the value of each argument by name, instead of relying on its position. This means the arguments can be listed in any order, like so:

heading(color = 'red',bgcolor = 'blue',text ='Hello, World!',size = '48px'});


Unfortunately, JavaScript doesn’t support named parameters—strictly speaking—so the example above wouldn’t work. The good news is that it’s possible to mimic them by using an object as a parameter, so that the object’s properties act like named parameters.

The following example shows how this can be done with the example above. The function needs rewriting, with the parameters listed as the properties of an object literal:

function heading({text,color,size,bgcolor}){
  return `<h1 style='color:${color};background-color:${bgcolor};font-size:${size}>${text}</h1>`
}


Now the function can be called, providing an object as argument, with values provided for the named properties:

heading({color: 'red',bgcolor: 'blue',text:'Hello, World!',size: '48px'});
<< "<h1 style='color:red;background-color:blue;font-size:48px''>Hello, World!</h1>"


Notice that the order of the properties in the argument object isn’t the same as their order in the object provided as a parameter to the function. The advantage of this method is that you don’t have to remember the order to write the arguments. Another advantage is that it makes your code easier to follow, since each argument has a descriptive label that explains what it represents.

This technique is useful when a function has a large amount of parameters, particularly if some of them are optional.

You can see this example on CodePen.

The Rest Parameter

There are times when we don’t know how many arguments will be provided to a function. The easiest way to deal with a varying number of arguments is to use the rest parameter. This consists of three dots placed in front of the last parameter in a function declaration. It will collect all the arguments together in an array. 

Try entering the following function into the console. This function accepts any number of arguments and uses the rest parameter to collect them all together in an array called numbers. It then applies the reduce() method that we saw in the last chapter to this array and returns the sum of all the numbers that were entered as an argument:

function add(...numbers){
  return numbers.reduce((acc,n) => acc + n);
}


Now try calling the function for different numbers of arguments, like in the examples below:

add(2,3);
<< 5

add(1,2,3,4,5);
<< 15


Recursive Functions

A recursive function is one that calls itself! This might sound a bit crazy, but it’s perfectly possible to place a self-referential function call inside the body of the function. The function calls itself until a certain condition is met. It’s a useful tool when iterative processes are involved. 

A common example is a function that calculates the factorial of a number:

function factorial(n) {
  if (n === 0) {
    return 1;
  } else {
    return n * factorial(n - 1);
  }
}


This function will return 1 if 0 is provided as an argument (0 factorial is 1), otherwise it will multiply the argument by the result of invoking itself with an argument of one less. The function will continue to call itself until finally the argument is 0 and 1 is returned. The best way to see what’s happening is with an example:

factorial(3);
<< 6


This will multiply 3 by the return value of factorial(2), which will multiply 2 by the return value of factorial(1), which will multiply 1 by the return value of factorial(0), which is 1. Working backwards gives 1 * 1 * 2 * 3. This can be seen in the diagram below:

[image: Recursive factorial function calls]

Recursive functions can be used for operations similar to those performed by the loops we saw in Chapter 7. They are particularly useful when implementing divide and conquer algorithms. You can read more about recursive functions in “Recursion in Functional JavaScript”.

Scope

The concept of a variable’s “scope” is important in any programming language. The scope of a variable or function refers to the parts of the program where they can be accessed. Most languages have some form of lexical scope, which means the scope of a variable is based on where it appears in the code. Often placing a variable inside a block will restrict its scope to that block. A few languages, such as Perl and other Lisp-style languages, use dynamic scope, which means the scope of a variable can change while the program is running.

Global scope covers the entire the program. Any variable or function that can be accessed anywhere in the program is said to have global scope.

Local scope refers to a function or variable that’s only available inside a particular code block. Any function or variable defined inside a block can only be accessed inside that particular block, when they’re “in scope”. 

To demonstrate this, let’s try defining some variables in the console. First of all, define a variable in the global scope by simply defining it in the main body of the program:

const global = 'Hello, Global Scope!';


Now, we can create a local scope by creating a function called local. Inside the body of this function, we’ll declare a variable called secret:

function local(){
  const secret = 'Hello from the local scope.';
}


The diagram below shows the scope of each variable. global was declared in the global scope and can be accessed anywhere inside that scope (including from within the local scope). secret was defined inside the local scope of the local function and can only be accessed from within that scope.

[image: Global and local scope]

If we try to log the value of the variable global to the console, we can see we have access to it:

console.log(global);
<< Hello, Global Scope!


However, if we try to access the variable secret, we get an error message, saying it can’t be found:

console.log(secret);
<< ReferenceError: "Can't find variable secret"


This is because the variable secret is only available from inside the body of the local function. The last command was made from the global scope, where we don’t have access to the local scope of the function.

To see that we can get access to the variable secret from within the scope of the local function, let’s redefine the function to log the secret variable to the console:

function local(){
  const secret = 'Hello from the local scope.';
  console.log(secret);
}


Now if we call the local function, we can see that it does indeed have access to the secret variable:

local();
<< Hello from the local scope.


However, we only have access to this variable while the code inside the function is running. Once the function has been called, any variables defined inside its scope can’t be accessed.

Although it would seem a good idea to keep everything in the global scope, it’s actually considered bad practice. In fact, it’s good practice to keep all variable declarations out of the global scope. This is to avoid naming collisions, where variables or functions have the same name and get mixed up with each other. This might not seem like a problem at the moment, but it becomes more of an issue if you’re working with someone else’s code (either as part of a team or using an external code library), since you won’t know which variable names are already being used. By keeping variables and functions in their own scope, we make it much easier to keep track of what they do.




    Block Scope

    
        All variables in JavaScript have local scope inside functions, but variables only have block scope if they’re declared using const and let. If a variable is declared using var, it can be accessed outside the scope of the block it was defined in.

        If you try entering the following code into the console, it won’t work, because the variable message only has scope inside the block, so it can’t be accessed outside the curly braces:

if(name==="JavaScript"){
  const message = "Hello ${name}!";
}
console.log(message);
<< ReferenceError: "Can't find variable: message"


        If var is used instead of const, this code will run without an error. Alternatively, console.log(message) could be placed inside the block.

    

  




Hoisting


Functions that are defined using a function declaration are automatically hoisted to the top of a program’s scope. This means that they can be called before they’ve been defined. For example, in the following code, the function hoist() can be called before it’s actually defined:



// function is called at the start of the code
hoist();

// ...
// ... lots more code here
// ...

// function definition is at the end of the code
function hoist(){
  console.log('Hoist Me!');

}


This can be quite useful, as it means that all function definitions can be placed together, possibly at the end of a program, rather than every function having to be defined before it’s used.


An error will be thrown if you attempt to refer to a variable before it has been declared using const and let. For this reason, you should try to declare any variables at the beginning of a block so that hoisting isn’t necessary.


This means that a function expression (where an anonymous function is assigned to a variable) can’t be called before it has been declared, unlike a function declaration.


This is probably the biggest difference between function declarations and function expressions, and it may influence your decision regarding which one to use. Some people like the fact that using function expressions means you’re required to define all functions and assign them to variables prior to using them, while others prefer to have the option to keep all their functions in one place as function declarations. You can read more about the differences in “Quick Tip: Function Expressions vs Function Declarations”.



Functions That Return Functions

We’ve already seen that functions can accept another function as an argument (a callback), but they can also return another function.

The example below shows a function called returnHello() that returns a “Hello, World!” function:


function returnHello() {
  return function() {
    console.log('Hello, World!');
  }

}



When the returnHello() function is called, all it does is return another function:

returnHello()

<< function returnHello() {
     return function() {
       console.log('Hello World!');
    }

   }


Alternatively, arrow functions can be used to make the declaration look neater (although it’s harder to see what’s happening): 


returnHello = () => () => console.log('Hello, World!');


The expression after the first arrow is its return value, which is another arrow function: () => console.log('Hello, World!'). So when returnHello is called, it returns this function.


To make use of the function that’s returned, we need to assign it to a variable:


const hello = returnHello();


Now we can call the function that was returned by placing parentheses after the variable that it was assigned to:


hello();
<< Hello, World!


This might seem a bit pointless, but let’s now take it a step further and use this technique to create a generic function that returns a function for creating a fragment of HTML using a particular tag that’s provided as an argument:


const html = tag => text => `<${tag}>${text}</${tag}>`


We now use this function to create a function that creates an <h1> element:


const h1El = html('h1');
<< text => `<${tag}>${text}</${tag}>`


Now this function can be used to return some strings of headings:


h1El('Hello, World!');
<< "<h1>Hello, World!</h1>"


If we also want a function for creating paragraphs, we can use the generic element function to return one for us:


paraEl = element('p');
<< text => `<${tag}>${text}</${tag}>`


Then we use this function to create a paragraph fragment:


paraEl('The quick, brown fox jumped over the lazy dog.');
<< "<p>The quick, brown fox jumped over the lazy dog.</p>"


We can also chain the two function calls together to create a function and use it in a single call:


html('h2')('Hello, World!');
<< "<h2>Hello, World!</h2>"



Closures


Closures are one of JavaScript’s most powerful features, and they rely on the concept of scope and functions returning other functions.


To demonstrate the concept, let’s go back to this function that we saw earlier in the chapter when discussing the concept of scope:


 function local(){
  const secret = 'Top Secret!';
  console.log(secret);
  } 


This function contains a variable called secret which, as we saw, only exists within the scope of the function.


A closure is formed when a function can access variables that are declared outside its scope. In our example, we can add an anonymous function that references the secret variable:



function local() {
const secret = 'Top Secret!';
function () {
    console.log(secret);
  }

}


The anonymous function is said to form a “closure” over the secret variable because, although the variable isn’t defined inside the body of the function, the function can still access it. This on its own isn’t so special, since we could already access the secret variable from within the local function. 


However, if we return the anonymous function, we’ll keep access to the secret variable outside the scope of the local function:


 function local() {

const secret = 'Top Secret!';
return function () {
    console.log(secret);
  }

}


The function that’s returned will retain access to the secret variable even after the local function has been called. This forms a closure over the secret variable.


To make use of the closure, we need to assign a variable to the return value of the local() function:


const notSoSecret = local(); 


The variable notSoSecret now points to the anonymous function that’s returned by the local() function. This function now has access to the secret variable that was declared in the local function outside the scope of that function. We can see this is the case by calling the notSoSecret function:


notSoSecret();
<< "Top Secret!"


Thanks to the closure, we now have access to the secret variable in the global scope!


The diagram below shows how the anonymous function forms a closure over the secret variable, returning it into the global scope.


[image: How a closure works]



Closure Countdown!


Closures not only have access to variables declared in a parent function’s scope, but they can also change the value of these variables. This allows us to do things like create a countdown function that decreases a variable every time it’s called. Enter the following code into the console:



function countdown(start){
  let i = start;
  return function() {
    return i--;
  }

}


This function declares a variable i and assigns it the value of the number provided as an argument. It then returns a function that forms a closure around the variable i, which means it can access the value of i and can also change the value of i. It does this using the -- operator to decrease the value of i by 1 every time it’s called.


We can create a counter by assigning the return value of the counter() function to a variable:


const count = countdown(3);


The variable count now points to a function that has full access to the variable i that was created in the scope of the counter() function. Every time we call the count() function, it will return the value of i and then decrease it by 1:


count();

<< 3

count();
<< 2


count();
<< 1



Functional Programming


Functional programming is a style of programming that has become very popular in recent years, partly due to purely functional languages such as Clojure, Scala, and Erlang. JavaScript has always supported functional-style programming, because functions are first-class objects. The techniques we’ve covered in this chapter—such as using anonymous functions as arguments, returning values to other functions, and creating closures—are all fundamental elements of functional programming.



Pure Functions


A key aspect of functional programming is its use of pure functions. A pure function is one that adheres to the following rules:


	The return value of a pure function should only depend on the values provided as arguments; it doesn’t rely on values from somewhere else in the program.

	There are no side effects: a pure function doesn’t change any values or data elsewhere in the program. It only makes non-destructive data transformations and returns new values, rather than altering any of the underlying data.

	A pure function has referential transparency. Given the same arguments, it will always return the same result.




In order to follow these rules, any pure function must have:


	At least one argument: otherwise, the return value must depend on something other than the arguments of the function, breaking the first rule.

	A return value: otherwise, there’s no point in the function (unless it has changed something else in the program, in which case, it has broken the “no side effects” rule).




Pure functions help to make functional programming code more concise and predictable than in other programming styles. Referential transparency makes pure functions easy to test, as they can be relied on to return the same values when the same arguments are provided. Another benefit is that any return values can be saved in memory, since they’re always the same, making the function more efficient. The absence of any side effects tends to reduce the amount of bugs that can creep into your code, because there are no surprise dependencies. Pure functions only rely on any values provided as arguments.


Let’s take a look at how not to write a pure function. The next example shows an impure function that returns the value of adding two values together:


let number = 42;

let result = 0;

function impureAdd(x) {
  result = number + x;
}

impureAdd(10);
result;

<< 52


The function impureAdd() is an impure function, as it breaks the rules outlined above. It requires the value number, which is defined outside the function. It has the side effect of changing the value of result (also defined outside the program), and it will return a different value if the value of the variable number is different.


Here’s an example of a pure function that achieves the same result:


const number = 42;


function pureAdd(x,y) {
  return x + y;
}

result = pureAdd(number,10);

<< 52


The pureAdd function requires two arguments to add together, so the variable number has to be passed to it as an argument. This is an example of a non-destructive data transformation, as the value stored in the variable, number, remains the same after it has been passed through the function as an argument. There are no side effects to this function; it simply returns the result of adding the two numbers together. This return value is then assigned to the variable result, instead of the function updating the value of the variable directly. This function will also always return the same value given the same inputs.




A Benefit of const


Using const to declare variables will help to avoid destructive data transformations, since any primitive values can’t be changed (although variables that are assigned to arrays or objects using const can still be mutated, so it’s not a complete solution).






Functional programming uses pure functions as the building blocks of a program. The functions perform a series of operations without changing any underlying data in the program. Each function forms an abstraction that should perform a single task, while encapsulating the details of its implementation inside the body of the function. This means that a program becomes a sequence of expressions based on the return values of pure functions. The emphasis is placed on using function composition to combine pure functions together to complete more complex tasks.



You can read more about function composition in “Function Composition: Building Blocks for Maintainable Code”.



Pure Array Updates


In previous chapters of this book, we used the push() method to add values to an array. For example, our to-do list app contains the following addTask function:


function addTask(item){
  list.push(item);
} 


A couple of things make this an impure function. It relies on the variable list, which exists outside the function body, and the push() method is a destructive transformation, meaning that the value of the array is changed.


We can purify this function by adding the array that the item is to be added to as a parameter. That way, the function isn’t accessing any variables outside its scope. We can also return a new array that includes all the items from the old array, using the spread operator, and the new item added on the end, like so:


function addTask(task,list){
   return [...list,task];
}


The removeTask function is also impure:



function removeTask(task){
  const index = list.indexOf(task);
  if(index>-1){
    list.splice(i,1);
  }
   return list;

}


This is because our code, once again, is referencing the list variable from outside the function, and the splice() method is mutating the list array (that is, it’s making a permanent change to it). We can fix this by adding list as a parameter and using the filter() method instead to remove the item:


function removeTask(task,list){
  return list.filter(x => x !== task);
}


This will return an array containing all the tasks that aren’t equal to the item provided as an argument, effectively removing the task from the array.


To test these out, let’s create a short list of tasks in the console:


let tasks = ['Bake cake','Read book','Sing song'];


Make sure you’ve defined the new pure functions in the console or in the JS section of CodePen, then try entering the following code in the console:



function addTask(task,list){
   return [...list,task];
}

function removeTask(task,list){
  return list.filter(x => x !== task);

} 


Now let’s test out the addTask function by adding the string 'Learn to code' to the tasks array:


addTask('Learn to code',tasks);
<< ["Bake cake","Read book","Sing song","Learn to code"]


As you can see, the function returns a new array with the string 'Learn to code' added to the end. But the function hasn’t changed the value of the tasks variable, as we can see if we check its value:


tasks;
<< ["Bake cake","Read book","Sing song"]


Now let’s check that the removeTask function works:


removeTask('Read book',tasks);
<< ["Bake cake","Sing song"]


This has returned a new array that doesn’t contain the string 'Read book'. Once again, the original tasks variable hasn’t been changed:


tasks;
<< ["Bake cake","Read book","Sing song"]




Updating an Array Value with Pure Functions


If you actually did want to update the value of the tasks array, you could still use pure functions to do this, by assigning the tasks variable to the return value of the function call. 


For example, if you wanted to update the tasks array with the string 'Sing song' removed, you could use the following code:


tasks = removeTask('Sing song',tasks);
<< ["Bake cake","Read book"]


We could then confirm that this has indeed updated the tasks array:


tasks;
<< ["Bake cake","Read book"]







Higher-order Functions

Higher-order functions are functions that accept another function as an argument, or return another function as a result, or both.

Closures are used extensively in higher-order functions, as they allow us to create a generic function that can be used to then return more specific functions based on its arguments. This is done by creating a closure around a function’s arguments that keeps them “alive” in a return function. For example, consider the following multiplier function:

function multiplier(x){
  return function(y){
    return x*y;
  }
}


The multiplier function returns another function that traps the value of the argument x in a closure. This is then available to be used by the returned function.

We can now use this generic multiplier function to create more specific functions, as can be seen in the example below:

doubler = multiplier(2);


This creates a new function called doubler that multiplies an argument by two:

doubler(10);
<< 20


The multiplier() function is an example of a higher-order function. This means that we can use it to build other, more specific functions by using different arguments. For example, an argument of 3 can be used to create a tripler() function that multiplies its arguments by 3:

tripler = multiplier(3);

tripler(10);
<< 30


This is one of the core tenets of functional programming: it allows generic, higher-order functions to be used to return more specific functions based on specific parameters.

A neat trick to use with higher-order functions is to chain arguments together. The following example will multiply 3 and 5 together:

multiplier(3)(5);
<< 15


This works because multiplier(3) returns an anonymous function and we immediately call it with an argument of 5 by adding the parentheses on the end.

Challenges


	Write a recursive function that sings the Ten Green Bottles song that we programmed using various loops in Chapter 7. It should take the number of bottles as a parameter, sing one verse, then call itself to sing it again. For example, greenBottles(10) would sing the song, starting at 10 green bottles. You can see my code on CodePen.



	Create a higher-order function called exponent that returns another function that will calculate numbers to the power of the argument provided. For example, exponentBase2 = exponent(2) should result in a function called exponentBase2 that will return 2 to the power of the argument provided, so exponentBase2(3) will return 8. You should also be able to write exponent(2)(3) and also get 8. You can see my code on CodePen.



	Update the to-do list app so that the add and remove functions are pure functions. You can see my code on CodePen.





Summary


	Named parameters can be reproduced in JavaScript using an object as the parameter. This allows the arguments to be provided as properties of the object in any order.

	The rest parameter allows any number of values to be provided to a function as an array.

	Recursive functions are functions that continually call themselves until a certain condition is reached.

	The scope of a variable determines where and how that variable can be accessed. 

	Functions declared using the function keyword are hoisted to the top of the scope, meaning they can be called even before they’ve been defined.

	Variables should be declared before they’re referred to.

	A closure is formed when a function accesses a variable that has been declared in the surrounding scope of the function. By returning the function, we can maintain access to the variable outside the scope it was declared in.

	Functional programming is a style of programming that combines pure functions that perform a single task in order to perform more complex tasks.

	Pure functions shouldn’t reference anything outside the scope of the function that has not been supplied as an argument, and they shouldn’t cause side effects by changing anything outside the scope of the function. They should have referential transparency, which means that, given the same arguments, they should return the same value.

	Higher-order functions accept functions as arguments and return functions. They can be chained together to complete more complex operations.



In the next chapter, we’ll be taking a deeper look into objects and object-oriented programming.







Chapter 15: It’s About Time



Working with times and dates can be tricky in programming languages. For this reason, most languages have some sort of built-in Date object that helps to make the process easier. JavaScript is no exception, and we’ll be taking a look at how that works in this chapter. We’ll be covering the following:


	the UNIX epoch

	times and dates

	timing functions

	asynchronous programming

	animation

	a Cookie Grabber game



The UNIX Epoch

The UNIX epoch is an arbitrary date of January 1, 1970, which is used in programming as a reference point in time from which to measure dates. This allows dates to be expressed as an integer that represents the number of seconds since the epoch. As you can imagine, this produces some very large numbers, and there’s a potential problem looming in 2038 when the number of seconds since the epoch will be greater than 2,147,483,647, which is the maximum value that some programming languages can deal with. Fortunately, JavaScript will be fine, as it can handle bigger values than this.

Times and Dates

Date objects contain information about dates and times. Each object represents a single moment in time.

In JavaScript, we can use a constructor function to create a new date object using the new operator. Try entering the following code in the console:

const today = new Date();


The variable today now points to a Date object. To see what the date is, we can use the toString() method that all objects have:

today.toString();
<< 'Mon Dec 07 2020 17:40:51 GMT+0000 (GMT)'


If an argument isn’t supplied, the date will default to the current date and time based on the system clock and time zone setting. This means that it can be manipulated and shouldn’t be relied on as an accurate representation of the actual date.

It’s possible to create Date objects for any date by supplying it as an argument to the constructor function. This can be written as a string in a variety of forms, as can be seen in the examples of different holiday dates below:

const christmas = new Date('2021-12-25');
// date format is YYYY-MM-DD
christmas.toString(); 
<< "Sat Dec 25 2021 00:00:00 GMT+0000 (GMT)"

const chanukah = new Date('28 November 2021');
// First day of Chanukah
chanukah.toString();
<< "Sun Nov 28 2021 00:00:00 GMT+0000 (GMT)"

const eid = new Date('Wednesday, May 12, 2021');
// Eid-al-Fitr
eid.toString();
<< "Wed May 12 2021 00:00:00 GMT+0100 (BST)"


As you can see, the string passed to the Date constructor can be in a variety of formats. However, in order to be more consistent, I’d recommend that you provide each part of the date as a separate argument. The parameters that can be provided are as follows:

new Date(year,month,day,hour,minutes,seconds,milliseconds);


Here’s an example:

const halloween = new Date(2021, 9, 31);
halloween.toString();
<< "Sun Oct 31 2021 00:00:00 GMT+0100 (BST)"



Counting the Months


Slightly confusingly, the numerical value for months starts at zero, so January is 0, February is 1, and so on up to December, which is 11.






An alternative is to use a timestamp, which is a single integer argument that represents the number of milliseconds since the epoch (January 1, 1970):

const diwali = new Date(1635984000000);
diwali.toString();
<< "Thu Nov 04 2021 00:00:00 GMT+0000 (GMT)"


Getter Methods

The properties of date objects aren’t able to be viewed or changed directly by assignment. Instead, they have a number of methods, known as getter methods, that return information about the date object, such as the month and year.

Once you’ve created a date object, it will have access to all the getter methods. There are two versions of most methods: one that returns the information in local time, and the other that uses Coordinated Universal Time (UTC). The getTime(), getTimezoneOffset() and getYear() methods don’t have UTC equivalents.


UTC vs GMT


UTC is the primary time standard by which the world regulates clocks. It was formalized in 1960 and is much the same as Greenwich Mean Time (GMT). The main difference is that UTC is a standard that’s defined by the scientific community, unlike GMT. (You can read about why it’s called “UCT” and not “CUT” on Wikipedia.)






The getDay() and getUTCDay() methods are used to find the day of the week that the date falls on. They return a number, starting at 0 for Sunday, up to 6 for Saturday. The code below shows us that Diwali is on a Thursday (day 4) in 2021:

diwali.getDay();
<< 4


The getDate() and getUTCDate() methods return the day of the month for the date object. (Note that these values start counting from 1, not 0, so they return the actual day of the month.) The code below shows us that Diwali is on the 4th in 2021:

diwali.getDate();
<< 4


The getMonth() and getUTCMonth() methods can be used to find the month of the date object. It returns an integer, but remember to count from 0! The code below shows us that Diwali is in November (month 10) in 2021:

diwali.getMonth();
<< 10


The getFullYear() and getUTCFullYear() methods return the year of the date object. There’s also a getYear() method, but it isn’t Y2K compliant, so shouldn’t be used, as it returns nonsensical results for dates after the year 2000, as can be seen in the code below:

diwali.getYear();
<< 121


This can be fixed if we use the getFullYear() method instead:

diwali.getFullYear();
<< 2021


There are also getHours(), getUTCHours(), getMinutes(),
getUTCMinutes(), getSeconds(), getUTCSeconds, getMilliseconds(), and getUTCMilliseconds() methods that will return the hours, minutes, seconds and milliseconds since midnight.

The getTime() method returns a timestamp representing the number of milliseconds since the epoch:

diwali.getTime();
<< 1635984000000


This can be useful for incrementing dates by a set amount of time. For example, a day can be represented by 1000 * 60 * 60 * 24 milliseconds. The following example uses this to subtract a day from the date of Christmas in order to find the date of Christmas Eve:

const christmasEve = new Date(christmas.getTime() - 1000 * 60 * 60 * 24);
christmasEve.toString();
<< "Fri Dec 24 2021 00:00:00 GMT+0000 (GMT)"


The getTimezoneOffset() method returns the difference, in minutes, between the local time on the computer and UTC. For example, my time zone is currently the same as UTC, so it returns 0:

new Date().getTimezoneOffset();
<< 0


You can see more examples of Date get methods on the W3Schools site.

Setter Methods

Most of the getter methods covered in the previous section have equivalent setter methods. These are methods that can be used to change the value of the date held in a Date object. Each of the methods takes an argument representing the value to which you update the date. The methods return the timestamp of the updated date object.

As an example, we can change the value of the date stored in the diwali variable so that it contains the date of Diwali in 2022, which is on Monday, October 24, 2022:

diwali.setDate(24);
<< 1637712000000

diwali.setMonth(9);
<< 1635030000000

diwali.setFullYear(2022);
<< 1666566000000


Note that the values returned by these functions is the timestamp representing the number of milliseconds since the epoch. To see the actual date, we need to use the toString() method:

diwali.toString();
<< "Mon Oct 24 2022 00:00:00 GMT+0100 (BST)"


There are also setHours(), setUTCHours(), setMinutes(), setUTCMinutes(), setSeconds(), setUTCSeconds, setMilliseconds() and setUTCMilliseconds() methods that can be used to edit the time portion of a Date object.

Alternatively, if you know the date as a timestamp, you can use the setTime() method:

diwali.setTime(1666566000000);
<< 1666566000000



Time Zone Milliseconds


The number of milliseconds required in the timestamp might be slightly different for you, depending on your time zone.






You can see more examples of Date set methods on the W3Schools site.


Date and Time Support


Working with dates and time zones can be tricky. But there will soon be a new Temporal object that aims to fix some of the issues with the Date object. (You can learn more about it in “An Introduction to the JavaScript Temporal API”.)


If you’re writing code that uses lots of times and dates, it might be worth using an external library such as date-fns, which provides a number of methods to make it easier to work with dates. You can read more about using it in “Learn date-fns: A Lightweight JavaScript Date Library”.







What Day Will It Be?

Now that we’ve learned all about how to work with the Date object, let’s build a small application to tell you what day it will be in a set number of days.

Open up a new Pen on CodePen and add the following HTML:

<form name='myForm'>
  <input type='number' name='number' value='1'>
  <button type='submit'>Submit</button>
</form>
<div id='output'></div>


This is a form that asks users to enter a number of days. We’ll tell them what day it will be after that number of days. Note that, even though the <input> element has a type attribute of number (which is good practice), it will still be submitted as a string.

Now let’s add some JavaScript to work out what day it will be. First of all, we’ll declare some variables that refer to the <form> element and the <div> that will contain the output. Add the following code to the JS section:

const form = document.forms.myForm;
const output = document.getElementById('output');


We also need to add an array that contains the names of each day of the week. This will match the name of a day to the corresponding number returned by the getDay() method, so dayNames[0] will be 'Sunday', dayNames[1] will be 'Monday', and so on. Add the following line of code to the JS section: 

const dayNames = ['Sunday','Monday','Tuesday','Wednesday','Thursday','Friday','Saturday'];


Next, we need to write a function that will calculate and display the day of the week. Add the following function to the end of the JS section:

function nameThatDay(e){
  e.preventDefault();
  const numberOfDays = Number(form.number.value);
  const milliseconds = numberOfDays * 24 * 60 * 60 * 1000;
  const timestamp = Date.now() + milliseconds;
  const day = new Date(timestamp).getDay();
  output.textContent = `In ${numberOfDays} days, it will be ${dayNames[day]}.`
}


This function starts by preventing the default behavior of the form, so it won’t be submitted to a server. It then takes the value that was entered in the form and converts it to a number, stored in the variable numberOfDays. This value is converted into milliseconds by multiplying it by the number of milliseconds in a single day. We then add this to the number of milliseconds since the epoch to produce a timestamp that can be used as an argument to the new Date() constructor function to create a new Date object. We can then call the getDay() method to return which day of the week this date is on. We then use the dayNames array as a lookup table to find the corresponding day name string using this value as an index. 

Finally, we need to add an event listener that will call the nameThatDay function when the form is submitted. Add the following line of code to the end of the JS section:

form.addEventListener('submit',nameThatDay);


Now that everything is in place, try using the form to see what day it will be in a thousand days (it should be the same day as it was yesterday).

[image: What Day Is It?]

You can see my code on CodePen.

Timing Functions

JavaScript provides a couple of useful methods that enable us to schedule when a function is called, or to call a function at regular intervals. These can be useful for causing a delay before something happens, or displaying a timer on the screen. 

setTimeout

The setTimeout() method accepts a callback function as its first parameter and a number of milliseconds as its second parameter. The callback function that’s provided as the first argument will be called after the time given as the second argument.

To see this in action, try entering the following code into a console. It should show an alert box after seven seconds. This is because the first argument is an anonymous arrow function that displays the alert box, and the second argument is 7000 milliseconds, or 7 seconds:

setTimeout( () => alert("Time's Up!"), 7000);
<< 1


Notice that the method returns an integer. This is an ID used to reference that particular timeout. It can also cancel the timeout using the clearTimeout() method. Try calling the code again, making a note of the number that’s returned:

setTimeout( () => alert("Time's Up!"), 7000);
<< 2


Now quickly enter the following code before the alert pops up, making sure you enter the number that was returned previously (it might not be 2 in your case!):

clearTimeout(2);
<< undefined


If you’re quick enough, and use the correct ID, the callback will be canceled and the alert will never appear.

Instead of trying to remember the value that’s returned when the timeout is set, it’s easier to assign a variable to the return value, like in the code example below:

const timer = setTimeout( () => alert("Time's Up!"), 7000);
<< 3


This variable can then be used to clear the timeout later:

clearTimeout(timer);
<< undefined


Asynchronous Programming

A synchronous program is one that processes each line of code in the order it appears. The problem with this approach is that, if a particular part of the program takes a long time to complete, it will hold up the rest of the program. This means that time-consuming events such as the completion of a file download, getting data from a database, or loading a game will block anything else from happening. 

One solution is to start a new thread to run different parts of the program. This means that if a process is taking a long time in one thread, other threads can be used for other tasks. The problem with multi-threaded programs is that it can be difficult to keep track of what’s happening in each thread, especially if the results of one thread are needed in another.

Another solution is to write asynchronous code, which runs out of order, or asynchronously. Instead of waiting for an operation to finish, a callback (or promise) is created, and the rest of the program continues to run. This ensures that waiting for a process to complete doesn’t hold up the execution of other parts of the program. Once the task is complete, the promise is said to be resolved and the callback returns the result back to the program.

The diagram below shows how a long process blocks the rest of the code from running when run synchronously, compared to a non-blocking, asynchronous approach.

[image: Blocking and non-blocking code]

JavaScript runs in a single-threaded environment, so it can only process one piece of code at a time, so asynchronous programming is an essential tool to ensure there aren’t any processes blocking the the rest of the program from running. 

We can demonstrate the asynchronous nature of JavaScript by using the setTimeout() method to fake a time-consuming process. The following code places a three-second timeout between two messages that get logged to the console. The timeout is taking the place of a slow operation—such as downloading a file. Try entering the code into the console, but try guessing what the output will be before you press return:

console.log('Hello');
setTimeout(() => { console.log('File Downloaded!'); }, 3000);
console.log('World');


Did you guess correctly?

If the program ran synchronously, the following would happen:


	“Hello” would be logged to the console

	there’d be a three-second delay

	“File Downloaded!” would be logged to the console

	“World” would be logged to the console



This is a blocking approach, since the three-second wait is blocking the execution of the rest of the program until the callback has been resolved.

JavaScript is a non-blocking language, so the callback doesn’t block the rest of the program happening. This is what actually happens:


	“Hello” is logged to the console

	a three-second timeout starts, but the program continues

	“World” is logged to the console

	after three seconds, “File Downloaded!” is logged to the console




It’s important to keep in mind that JavaScript is single-threaded, so only one task can be processed at a time. This means that, even if a task only takes a small amount of time to complete, the callback still has to wait for the rest of the program to finish running before it can run. In fact, even if we change the delay to zero, the order in which the strings are logged to the console won’t change. Try the following code in the console to see:

console.log('Hello');
setTimeout(() => { console.log('File Downloaded!'); }, 0);
console.log('World');


Notice the result of the callback is still logged to the console last, despite the timeout being set to zero milliseconds (the equivalent of an instant file download). You might think this means the callback will happen immediately, but a callback always has to wait for the any other functions to be resolved before it can be processed.


Delay and Sleep


Most programming languages have a delay or sleep function that will stop the flow of the program. For example, the following Ruby code uses the built-in sleep() method to pause the execution of the code for three seconds:


print 'Hello'
sleep 3
print 'World!'


This will show “Hello”, then pause for three seconds before displaying “World!”


Even though this looks similar to the way setTimeout works, it’s not exactly the same, as the asynchronous nature of JavaScript means that the program doesn’t stop running.


“Delay, Sleep, Pause, & Wait in JavaScript” explains how to create a sleep-like function in JavaScript.





Intervals

The setInterval() method works in a similar way to setTimeout, except that it will repeatedly call the callback function at regular intervals, based on the number of milliseconds provided as the second argument.

The previous example used an anonymous function, but it’s also possible to use a named function like so:

function hello(){ console.log('Hello, World!'); }


Now we can set up the interval and assign it to a variable:

const interval = setInterval(hello,1000);
<< 1


This should show the message “Hello, World!” in the console every second (1,000 milliseconds).

To stop this, we can use the clearInterval() method and the variable interval as an argument (this is because the setInterval() method returns its ID, so this will be assigned to the variable interval):

clearInterval(interval);


The setInterval() method is particularly useful for coding games that require a “game loop” to run at a set interval. (In fact, we’ll be using it to code a game at the end of this chapter!) 


requestAnimationFrame


There’s also another method called requestAnimationFrame that can be used for animations and to run a game loop. It doesn’t allow you to specify the time interval, but calls a callback approximately 60 times per second. You can read more about it and programming games in JavaScript in HTML5 Games: Novice to Ninja, an excellent book by Earle Castledine.







Stopwatch

We can use the setInterval() method to implement a simple stopwatch in the browser. Open up a new Pen on CodePen and add the following HTML:

<div id='stopwatch'>00:00</div>
<button id='start'>Start</button>
<button id='stop' disabled>Stop</button>
<button id='reset'>Reset</button>


This includes a <div> element that’s used to display the starting time of '00:00', as well as three buttons that will be used to control the stopwatch. (Note that the Stop button starts with an attribute of disabled to prevent it from being clicked.)

A little bit of CSS will help to make the watch look more authentic. Add the following code to the CSS section:

#stopwatch{
  border: black 3px solid; 
  width: 200px;
  text-align: center;
  color: black;
  font: 64px monospace;
  padding: 30px;
  margin: 0;
}


Now we need to actually make the stopwatch work. First of all, we need to get some references to the elements in the HTML. Add the following code to the JS section:

const stopwatch = document.getElementById('stopwatch');
const startButton = document.getElementById('start');
const stopButton = document.getElementById('stop');
const resetButton = document.getElementById('reset');

let time = 0;


The first four variables correspond to the four elements in the HTML section. The last variable, time, will be used to keep track of the running time on the stopwatch. Since it will constantly be changing, it needs declaring using the let keyword.

Now we need to write a function to start the stopwatch called start. Add the following function definition to the JS section:

function start(){
 timer = setInterval(function(){
  time++;
  // hundredths of second
  let hundredths = time%100;
  if(hundredths<10){
    hundredths = '0'+hundredths;
  }

  // seconds
  let seconds = (time - hundredths)/100;
  if(seconds<10){
    seconds = '0'+seconds;
  }
  // display time
  stopwatch.textContent = `${seconds}:${hundredths}`;
},10);
 startButton.disabled = true;
 stopButton.disabled = false;
}


This is a long function, but at its heart is the setInterval() method that calls an anonymous function every ten milliseconds, or every one hundredth of a second, indicated by the second argument of 10. 

This anonymous function increments the value of the time variable by 1 using the ++ operator. After this, the function parses this value to separate the time into seconds and hundredths of a second. It does this by using the % operator to find the remainder when time is divided by 100, which is how many hundredths of a second are left over. There’s also an if statement that checks to see if either value is less than 9. If it is, it adds a zero to the front, so that the watch always displays two digits.

To get an idea of what’s happening here, it might be best to show an example. Say that the value of time is 543, which means that 543 hundredths of a second have elapsed. The value of hundredths will be 543%100, which is 43 (the remainder when it’s divided by 100, or the last two digits). To find the value of seconds, we subtract the value of hundredths from time to get 500, then divide by 100 to convert from hundredths of a second to seconds and get 5. Because this value is lower than 9, we’ll append a zero to the front, to give it a value of '05'. Note that this changes the type of seconds from a number to a string, but since we’re eventually going to use string interpolation to display these values on the page, it doesn’t matter if they’re strings or numbers.

Finally, we update the textContent of the stopwatch element with the formatted time.

Right at the end of the function, there are some lines that disable the Start button and enable the Stop button, so the user can stop the timer running. Let’s add a function to make that happen. Add the following function to the JS section:

function stop(){
  clearInterval(timer);
  stopButton.disabled = true;
  startButton.disabled = false;
}


The stop function simply clears the interval called timer that was set in the start function. This will stop everything happening: the value of time will stop increasing and the textContent property of the stopwatch element won’t get updated. We also disable the Stop button and enable the Start button.

Last of all, we need a function to reset the stopwatch back to zero. Add the following code to the end of the JS section:

function reset(){
  time = 0;
  stopwatch.textContent = '00:00';
}


This resets the time variable back to zero and resets the display on the stopwatch back to '00:00' by updating the textContent property.

The last thing we need to do is hook each of these functions up to their respective buttons by creating an event listener for each of them. To do this, add the following code to the end of the JS section:

startButton.addEventListener('click',start);
stopButton.addEventListener('click',stop);
resetButton.addEventListener('click',reset);


Now the buttons should start, stop and reset the stopwatch.

You can see my code on CodePen. 

Animation

CSS provides a plethora of ways to animate elements using various transformations. You can read more about them in these recommended books:


	CSS Master, 2nd Edition

	CSS Animation 101

	CSS Animation: De-Animating the Undead Horde



JavaScript can be used to make these animations more interactive. Let’s take a look at a simple example to see how it works.

Jumping Frog

We’re going to use CSS animation to create a jumping frog effect. To start with, we need an element for our frog to go in the HTML section:

<div id='frog'>🐸</div>


Now let’s add some CSS to get the frog into position:

#frog{
  font-size: 64px;
  position: absolute;
  top: 100px;
}


This just makes the frog a bit bigger and gives it an absolute position on the page. To use CSS animations, we need to create a @keyframes rule that describes each frame of the animation. Add the following to the CSS section:

@keyframes jump {
  to{transform: translateY(-100px)}
}


This @keyframes rule only describes the end state of the animation, which is a vertical translation of 100px upwards (negative values move up in the Y direction). To make it come back down again, we’ll use the animation-direction property with a value of alternate. This plays the animation forwards, then backwards, producing a jumping effect. Add the following lines of code to the #frog selector’s styles:

animation-name: jump;
animation-duration: 700ms;
animation-iteration-count: infinite;
animation-direction: alternate;


You should see the frog jumping up and down.


(Here’s a Pen showing what we’ve done so far.)

We can use JavaScript to add some interactivity to this animation by adding an event handler to the frog element that will run the animation when a click occurs instead of just repeatedly running it. First of all, remove the animation properties from the CSS section and add the following code to the JS section:

const frog = document.getElementById('frog');
document.addEventListener('click',e =>  frog.style.animation = 'jump 700ms 2 alternate')


This event listener will fire when the user clicks anywhere on the page, and it will call an anonymous arrow function to update the style.animation property of the frog element. We’ve also used the animation shorthand property to write all the properties in a single line. Now the frog will only jump if you click on the page. And it will only jump once: any further clicks won’t make the frog budge at all. The reason for this is that, once the style.animation property is set, it will only run the animation once. Updating the style property again with the same value won’t make it run again. To make it work again, we need to remove those styles once the animation has finished. Luckily, there’s an event listener for that exact situation: animationend. Add the following code to the end of the JS section:

frog.addEventListener('animationend',e => frog.style.animation = 'none');


This removes the animation styles once the animation has finished. Any further clicks will add the styles back in and the frog will jump again.


There are two other event listeners for CSS animations that you might find useful:


	animationstart: this will fire when the animation starts

	animationiteration: this will fire at the start of every iteration of an animation, except for the first



You can see my code on CodePen.

Cookie Grabber Game

Our final project is a game based on the fairground classic Whack-A-Mole, although this will be a more animal-friendly version that involves “grabbing” cookies that randomly appear on the screen by clicking on them.

We’ll use the setInterval() method to make a countdown timer that puts the player under pressure to grab as many cookies as possible.

To start with, let’s set up a new Pen with the following HTML:

<div id='info'>Score: <span id='score'>0</span> Time: <span id='clock'>20</span></div>
<div id='game'></div>


This is just two <div> elements: one for placing information about the score and time remaining, and the other for the main game.

Next, let’s move on to the CSS section and add some styles:

#game {
 padding: 30px;
 border: 3px solid pink;
 position: relative;
 width: 200px;
 height: 200px;
}

.cookie{
  font-size: 32px;
  position: absolute;
  cursor: grab;
}

#info{
  font: 24px sans-serif;
}
#score,#clock{
  color: pink;
}


Most of this is setting the size and colors of the the various elements of the game. You should now be able to see the main game area on the screen.

[image: Cookie Grabber game area]

Finally, let’s move on to the JS section and code the actual game mechanics. First of all, we need to get a reference to the elements in the HTML section. They all have IDs, so we can use getElementById:

const game = document.getElementById('game');
const clock = document.getElementById('clock');
const scoreboard = document.getElementById('score');


Next, we want to declare and initialize the variables to track the time and score:

let time = 20;
let score = 0;


In the next step, we start the main part of the game by using the setInterval() method to call a gameLoop function every 500 milliseconds:

timer = setInterval(gameLoop,500);


The gameLoop function contains the main game logic. Every time it’s called, it needs to add a cookie to the game area, update the time variable, and also check to see if the time has run out. Let’s create that function now:

function gameLoop(){
  addCookie();
  time--;
  clock.textContent = time;
  // check to see if time has run out
  if(time <= 0){
    clearInterval(timer);
    game.removeEventListener('click',grab);
    game.innerHTML = '';
  }
}


We’re using another function called addCookie to add a cookie to the game area, and we’ll write that next. We reduce the time variable using the decrement operator (--), and then update the textContent property of the element that displays the time, represented by the clock variable. Finally, we check to see if time has reached, or gone below, zero. If it has, we stop the timer using the clearInterval() method with an argument of timer, which will point to whatever number was returned when the interval was created. We also remove the event listener that’s used for “grabbing” cookies. (We haven’t created this yet, so don’t worry if you don’t recognize it!) Last of all, we remove any cookies that haven’t been grabbed by setting the innerHTML property of game to be an empty string, which has the effect of clearing the game area.

Our next job is to write the addcookie function. This needs to create an element with a class of cookie and place it at a random position in the game area. Add the following code to the end of the JS section:

function addCookie(){
  const cookie = document.createElement('div');
  cookie.textContent = '🍪';
  cookie.className = 'cookie';
  cookie.style.top = `${randomInt(200)}px`;
  cookie.style.left = `${randomInt(200)}px`;
  game.appendChild(cookie);
}


This creates an empty <div> element and assigns it to the variable cookie. We then update the textContent property to be a cookie emoji. We then set the className property to be cookie. This is so that it picks up the styles we set in the CSS section, and we’ll also be using it later to identify that a cookie has been clicked on. The code to place the cookie in a random position uses the style.top and style.left properties that act like coordinates from the top left corner of the game div. We then use the randomInt helper function that we created in Chapter 8 to choose a random integer between 1 and 200 (the width of the game area) to set both these properties. Finally, we use the appendChild DOM method to add this element as a child of the game element. This means that any cookies created will appear at a random position inside the game area.

Next, we need to add the player interaction. When the player clicks on a cookie, we want them to “grab” it. We could attach an event listener to each cookie we create to listen for click events, but it’s much easier to use event delegation and attach the event listener to the game element instead. Add the following code to the end of the JS section:

game.addEventListener('click',grab);


This will fire the grab function every time the player clicks anywhere inside the game area. This means that we need to write the grab function and also check to see if a cookie has been clicked on. Add the following function declaration to the bottom of the JS section:

function grab(event){
  if(event.target.className === 'cookie'){
    score ++;
    scoreboard.textContent = score;
    event.target.remove();
  }
}


This looks at the target property of the event object that’s passed to any event handler. This property returns the element that was actually clicked on. This means we can then check to see if the object has a class of cookie. If it does, we increase the score by 1 using the increment operator (++), update the textContent of the scoreboard element so that it shows the new score, and then remove the element that was clicked on from the DOM. This means that, if the player clicks on a cookie, their score will increase by 1 and the cookie will “disappear”!

Last of all, we need to include the randomInt helper function that we used to create the random integers. Because function declarations are hoisted, we can place this out of the way, at the bottom of our code:

function randomInt(lower,upper){
  if(upper===undefined){
    upper = lower;
    lower = 1;
  }
  return Math.floor(Math.random()*(upper-lower+1)+lower)
}


And that’s it! Have a go running the code and see how many cookies you can grab. It should look something like this:

[image: Playing Cookie Grabber]

You can see my code on CodePen.

Challenges


	Design a form that allows a user to enter their date of birth and find out the day on which they were born. For example, entering “1/1/2000” (January 1, 2000) should return “Saturday”. You can see my code on CodePen.



	Create a Tabata exercise timer. This should count down in alternating rounds of 20 seconds of work and ten seconds of rest for eight rounds. The timer should indicate whether it’s currently work or rest. For bonus points, add Start, Stop and Reset buttons. You can see my code on CodePen.



	Improve the Cookie Grabber game by adding some extra features. A few suggestions might include: adding a button for users to press to start the game; making the cookies appear at random frequencies; making the cookies a random size when they appear, with the number of points they’re worth inversely proportional to their size (the smaller the cookie, the harder it is to grab, so the more points you get!)

Can you think of any more? You can see my code on CodePen.





Summary


	The UNIX epoch is an arbitrary date of January 1, 1970, that computer languages use as a reference point to measure how much time has elapsed.

	Most programming languages have a Date object that allows you to store dates and times in various formats.

	The setTimeout() method calls a callback after a number of milliseconds provided as an argument.

	Asynchronous programming means that code can be executed out of order. It stops long processes blocking the flow of code while the program is waiting for them to complete. 

	The setInterval() method repeatedly calls a callback every time a given time interval has passed.

	JavaScript can be used to add interactivity to CSS animations.



We’ve now reached the end of the last practical chapter in this book. But there’s still one more chapter to go—one that will hopefully inspire you on to the next phase of your coding journey.
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