
Trinity - Introduction to Computer Programming 
With JavaScript: Game Development

Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
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Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
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Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
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don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
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respectively	the	unique	asset	key	of	the	image	file	and	the	
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create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
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Every game has a series of variables which define the 
essence of the game itself. 
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better to store these values somewhere safe and easy to 
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Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
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Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
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The position of tile one is given by two blue segments plus one 
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Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  
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and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	
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respectively	the	unique	asset	key	of	the	image	file	and	the	
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Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
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Our 200x200 pixels image has now been placed in the game 
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corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 
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We are going to create the tiles representing the numbers 
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the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 
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Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
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amount of memory wasted. It's not a problem when you are 
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images, packing them into bigger images can save quite an 
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the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
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on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
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and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	
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respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
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Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
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From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
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The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
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We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 
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Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
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At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 
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Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
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amount of pixels building such image, and each pixel requires 
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amount of memory wasted. It's not a problem when you are 
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stored, then know which part of the image to paint – normally 
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the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
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customizable variables in a single place 
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essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
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“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 
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Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
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amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
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I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 
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to specify the frame we want to display, in this case zero = the 
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The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
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arrays and so on. 
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information, adding a few new lines to create method of 
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means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	
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game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	
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Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	

Week 13   



Trinity - Introduction to Computer Programming 
With JavaScript: Game Development

Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
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worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
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I created a 200x200 pixels image called emptytile.png 
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and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
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sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
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The main difference between a sprite and an image is you cannot 
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thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
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HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
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Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
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No matter the graphic engine your device will be using to 
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happen – in 1/60 second, but a lot of images to be placed on 
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in order to avoid the “what image should I load” question, 
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speed up the drawing process. 
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anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
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and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 
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We are going to create the tiles representing the numbers 
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the “4”, one for the “8”, and so on until the one with “4096” 
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What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
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amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
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If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	

Week 13   



Trinity - Introduction to Computer Programming 
With JavaScript: Game Development

Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	

Week 13   



Trinity - Introduction to Computer Programming 
With JavaScript: Game Development

Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
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really	important	part	of	each	game.	
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by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
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Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
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At this time, we can save the 12 images in twelve distinct files 
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Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
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different tiles. It does not matter the subject of the images. 
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the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	

Week 13   



Trinity - Introduction to Computer Programming 
With JavaScript: Game Development

Continuing from Last Week -
The game we are going to build: 
4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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4096
We are about to create a game called 4096, which will be 
our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
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which move accordingly to game design and player input, 
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the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
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Once the first image has been placed on the screen, this 
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don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
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in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 
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our take to Gabriele Cirulli's 2048 smashing hit, a puzzle 
game originally written in Javascript played on a 4x4 board.

Every turn, a new tile will appear in a random empty spot 
with a value of 2.  Using arrow keys, you slide tiles until 
they are stopped by either another tile or the edge of the 
grid. If two tiles with the same number collide, they will 
merge into a tile with the total value of the two tiles that 
collided. Tiles can merge only once per turn. 
We are going to build this game, also adding some more 
features and room to customization, continuing from the 
game template we just built. 

Preloading and adding images to the game 
HTML5 games are a collection of images and sounds 
which move accordingly to game design and player input, 
so we need to learn how to preload and add images to 
the game. 
Why do we need to preload images? Because one of the 
worst things you can do in the making of a game is to 
handle graphic assets before you actually loaded them. 
This can cause a big DELAY, and frustrate users.  

I created a 200x200 pixels image called emptytile.png 
and will use this image to display the game board. 

Just	like	create,	preload	is	a	reserved	method	of	Scene	class	
and	is	executed	when	the	scene	is	preloading,	and	this	is	
when	we'll	load	the	assets	like	the	image	we	just	created.	

load.image(key,	url)	loads	an	imagewants	as	arguments	
respectively	the	unique	asset	key	of	the	image	file	and	the	
URL	of	the	image.	

Once	the	execution	of	preload	is	over,	Phaser	executes	
create	method	which	calls	PlayGame	scene,	and	this	is	
where	we	are	going	to	write	the	code	to	place	the	image	
somewhere	in	the	canvas.	
Add	this	line	to	playGame	class:	

Our 200x200 pixels image has now been placed in the game 
at coordinates (100, 100) starting from the upper left 
corner, where the origin (0, 0) coordinate is placed. 

add.image(x, y, key) places an image on the stage and 
wants as arguments the x coordinate of the image, in 
pixels, the y coordinate of the image, in pixels, and the key 
of the image used. 

From the image above is also easy to see the anchor point 
of the images added by add.image is the center of the 
images themselves. 
This means the (100, 100) coordinate where we placed the 
image refers to the center of the image. 

The importance of storing all game 
customizable variables in a single place 
Every game has a series of variables which define the 
essence of the game itself. 
In the making of 4096 game, for instance, we said we will 
be playing on a 4x4 grid, which is a grid with 4 rows and 4 
columns, and each tile on the grid is a 200x200 pixels 
image with a 20 pixels spacing. 
We are going to refer to these numbers a lot of times in 
the making of the game, each time we will need to know 
the size of the board, or the size of a tile, and believe me, it 
will happen quite often. 
Rather than filling the source code with a series of “4”, 
“200”, and so on scattered here and there, it would be 
better to store these values somewhere safe and easy to 
access. 
Not only our source code will be more readable, but above 
all your script will be a lot easier to modify should we 
decide to change the size of the board to, let's say, 5 rows 
by 3 columns, or use smaller or bigger tiles. 
No more “search and replace” operations, but a single 
value to change. 
That's why we are going to add a global object with some 
values we know we'll need a lot of times. 

By looking at the same picture, we can also determine the 
coordinate where to place tiles. 
Assuming the first tile position is zero, the second tile position is 
one and so on, we can say the position of tile zero is given by the 
blue segment plus half the red segment. 
The position of tile one is given by two blue segments plus one 
and a half red segments, and so on, simplified in: 
(n + 1) * blue segment + (n + 0.5) * red segment 

Need more spacing between tiles? I am sure you know how to 
do, changing just one value. 
If you love TV series, we can say gameOptions object comes 
into play when it's time to change something in gameplay and 
you'd “Better call Saul”. 
Believe me, it's a real pain when you wrote some thousands 
lines of code with values scattered here and there and you 
have to crawl line by line trying to adjust some option. 
gameOptions is going to save you a lot of time in the long run. 

Creating tile graphics as a sprite sheet and 
using it in the game 
We are going to create the tiles representing the numbers 
following the power of two, from 2 to 4096. 
Since 4096 is 2^12, we need 12 tiles, one for the “2”, one for 
the “4”, one for the “8”, and so on until the one with “4096” 
on it. We need to draw 12 images. 
At this time, we can save the 12 images in twelve distinct files 
or group them all into a sprite sheet. 

A sprite sheet is a series of images combined into a larger 
image. Usually the images are frames of an animation, thus a 
single image inside a sprite sheet is called frame. 

Why using a sprite sheet? 
Basically, every game is made by various graphical objects. In 
a space shooter you will find images representing spaceships, 
bullets and explosions, while in our 4096 game there will be 
different tiles. It does not matter the subject of the images. 
What we know is we are using all of them. 
Each image has a width and a height, which represent the 
amount of pixels building such image, and each pixel requires 
some memory to hold its color information. 
For each image – and more generally for each file – saved 
anywhere, there is a certain amount of memory that is wasted 
due to a series of features regarding the way the file system 
handles the files. 
Explaining this concept goes beyond the scope of this book, 
just keep in mind the more files you have, the bigger the 
amount of memory wasted. It's not a problem when you are 
dealing with a dozen files, but in complex games with a lot of 
images, packing them into bigger images can save quite an 
amount of resources. 

Moreover simply storing images is not enough. We also have 
to place them on the screen. 
No matter the graphic engine your device will be using to 
display images, there will be a process which must know 
which image to paint, get the image from the place where it's 
stored, then know which part of the image to paint – normally 
the entire image – and where to paint it, and finally place it on 
the screen. 
Once the first image has been placed on the screen, this 
process needs to be repeated for each other image, while 
your game until all images have been placed. Normally you 
don't notice it because it happens – or at least it should 
happen – in 1/60 second, but a lot of images to be placed on 
the screen of a slow device can slow down performance. 
Using a sprite sheet, you will have all – or most of – your 
graphic assets placed into a big image, inside an invisible grid, 
in order to avoid the “what image should I load” question, 
keeping only the “which part of the image should I paint”, and 
speed up the drawing process. 

The syntax is almost the same, we only have one more argument 
to specify the frame we want to display, in this case zero = the 
first frame. 
The big difference in with the previous line is we are adding a 
sprite rather than an image. This has nothing to do with the sprite 
sheet, although there's the “sprite” word in it you can load a 
sprite sheet and add its tiles as images too. 
The main difference between a sprite and an image is you cannot 
animate images, and for this reason sprites takes a fraction longer 
to process. 
I have to say, such “fraction” is not relevant unless you have 
thousands of images on the stage. 
While you could to everything just using sprites and forget about 
images, I still use images to display static content such as the 
game interface, and sprites for the rest of the visual content, it 
makes the code look cleaner. 

Using two-dimensional arrays to store board 
configuration 
Arrays keep track of multiple pieces of information in linear order, 
a one- dimensional list. However, the data associated with certain 
environments like this board game lives in two dimensions, as the 
board has rows and columns. 
To store this data, we need a multi-dimensional data structure, in 
this case a two- dimensional array. 
A two-dimensional array is really nothing more than an array of 
arrays, a three- dimensional array would be an array of arrays of 
arrays and so on. 
Let's create the two-dimensional array capable of storing board 
information, adding a few new lines to create method of 
playGame class: 

tileValue	is	the	value	assigned	to	the	tile,	where	zero	
means	“empty	tile”.	tileSprite	is	the	sprite	which	will	
represent	the	tile.	It's	the	tile	sprite	we	created	
a	couple	of	lines	before.	
Now	the	board	has	been	defined	as	an	array,	other	than	
being	displayed	on	the	screen.	
If	you	run	the	game	you	won't	see	anything	new,	because	
we	just	defined	the	main	base	of	data,	the	hidden	but	
really	important	part	of	each	game.	

Now	the	strategy	is	to	handle	boardArray	according	to	
game	events,	then	display	the	right	sprites	in	the	right	
places	to	make	players	see	what	happens,	but	the	actual	
game	lies	inside	boardArray.	

At	this	time	we	can	add	tiles,	or	rather	show	tiles	we	
previously	added	and	made	invisible.	

Once	we'll	code	addTile	method,	we'll	have	our	tiles	added	to	
the	board.	Do	you	remember	boardArray	array	and	the	concept	
of	working	behind	the	
curtains?
We	can	say	a	tile	is	empty	when	the	corresponding	boardArray	
item	is	an	object	
with	tileValue	set	to	zero.
Looping	through	boardArray	to	look	for	empty	tiles	is	the	first	
thing	to	do.	
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