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JavaScript	lies	at	the	heart	of	almost	every	modern	web	application,	from	social	apps	like	Twitter	to	browser-based	game	frameworks	like	Phaser	and	Babylon.	Though	simple	for	beginners	to	pick	up	and	play	with,	JavaScript	is	a	flexible,	complex	language	that	you	can	use	to	build	full-scale	applications.	This	much	anticipated	and	thoroughly	revised
third	edition	of	Eloquent	JavaScript	dives	deep	into	the	JavaScript	language	to	show	you	how	to	write	beautiful,	effective	code.	It	has	been	updated	to	reflect	the	current	state	of	JavaScript	and	web	browsers	and	includes	brand-new	material	on	features	like	class	notation,	arrow	functions,	iterators,	async	functions,	template	strings,	and	block	scope.	A
host	of	new	exercises	have	also	been	added	to	test	your	skills	and	keep	you	on	track.	As	with	previous	editions,	Haverbeke	continues	to	teach	through	extensive	examples	and	immerses	you	in	code	from	the	start,	while	exercises	and	full-chapter	projects	give	you	hands-on	experience	with	writing	your	own	programs.	You	start	by	learning	the	basic
structure	of	the	JavaScript	language	as	well	as	control	structures,	functions,	and	data	structures	to	help	you	write	basic	programs.	Then	you'll	learn	about	error	handling	and	bug	fixing,	modularity,	and	asynchronous	programming	before	moving	on	to	web	browsers	and	how	JavaScript	is	used	to	program	them.	As	you	build	projects	such	as	an	artificial
life	simulation,	a	simple	programming	language,	and	a	paint	program,	you'll	learn	how	to:	Understand	the	essential	elements	of	programming,	including	syntax,	control,	and	data;	Organize	and	clarify	your	code	with	object-oriented	and	functional	programming	techniques;	Script	the	browser	and	make	basic	web	applications;	Use	the	DOM	effectively	to
interact	with	browsers;	Harness	Node.js	to	build	servers	and	utilities.	Isn't	it	time	you	became	fluent	in	the	language	of	the	Web?	All	source	code	is	available	online	in	an	interactive	sandbox,	where	you	can	edit	the	code,	run	it,	and	see	its	output	instantly.	Marijn	Haverbeke	(2	books)	Page	2	Academia.edu	uses	cookies	to	personalize	content,	tailor	ads
and	improve	the	user	experience.	By	using	our	site,	you	agree	to	our	collection	of	information	through	the	use	of	cookies.	To	learn	more,	view	our	Privacy	Policy.	This	is	a	book	about	JavaScript,	programming,	and	the	wonders	of	the	digital.	You	can	read	it	online	here,	or	buy	your	own	paperback	copy.Written	by	Marijn	Haverbeke.Page	2	◀	◆	▶	Too
bad!	Same	old	story!	Once	you’ve	finished	building	your	house	you	notice	you’ve	accidentally	learned	something	that	you	really	should	have	known—before	you	started.	Friedrich	Nietzsche,	Beyond	Good	and	Evil	When	you	open	a	web	page	in	your	browser,	the	browser	retrieves	the	page’s	HTML	text	and	parses	it,	much	like	the	way	our	parser	from
Chapter	12	parsed	programs.	The	browser	builds	up	a	model	of	the	document’s	structure	and	uses	this	model	to	draw	the	page	on	the	screen.	This	representation	of	the	document	is	one	of	the	toys	that	a	JavaScript	program	has	available	in	its	sandbox.	It	is	a	data	structure	that	you	can	read	or	modify.	It	acts	as	a	live	data	structure:	when	it’s	modified,
the	page	on	the	screen	is	updated	to	reflect	the	changes.	Document	structure	You	can	imagine	an	HTML	document	as	a	nested	set	of	boxes.	Tags	such	as	and	enclose	other	tags,	which	in	turn	contain	other	tags	or	text.	Here’s	the	example	document	from	the	previous	chapter:	My	home	page	My	home	page	Hello,	I	am	Marijn	and	this	is	my	home	page.	I
also	wrote	a	book!	Read	it	here.	This	page	has	the	following	structure:	The	data	structure	the	browser	uses	to	represent	the	document	follows	this	shape.	For	each	box,	there	is	an	object,	which	we	can	interact	with	to	find	out	things	such	as	what	HTML	tag	it	represents	and	which	boxes	and	text	it	contains.	This	representation	is	called	the	Document
Object	Model,	or	DOM	for	short.	The	global	binding	document	gives	us	access	to	these	objects.	Its	documentElement	property	refers	to	the	object	representing	the	tag.	Since	every	HTML	document	has	a	head	and	a	body,	it	also	has	head	and	body	properties,	pointing	at	those	elements.	Trees	Think	back	to	the	syntax	trees	from	Chapter	12	for	a
moment.	Their	structures	are	strikingly	similar	to	the	structure	of	a	browser’s	document.	Each	node	may	refer	to	other	nodes,	children,	which	in	turn	may	have	their	own	children.	This	shape	is	typical	of	nested	structures	where	elements	can	contain	subelements	that	are	similar	to	themselves.	We	call	a	data	structure	a	tree	when	it	has	a	branching
structure,	has	no	cycles	(a	node	may	not	contain	itself,	directly	or	indirectly),	and	has	a	single,	well-defined	root.	In	the	case	of	the	DOM,	document.documentElement	serves	as	the	root.	Trees	come	up	a	lot	in	computer	science.	In	addition	to	representing	recursive	structures	such	as	HTML	documents	or	programs,	they	are	often	used	to	maintain
sorted	sets	of	data	because	elements	can	usually	be	found	or	inserted	more	efficiently	in	a	tree	than	in	a	flat	array.	A	typical	tree	has	different	kinds	of	nodes.	The	syntax	tree	for	the	Egg	language	had	identifiers,	values,	and	application	nodes.	Application	nodes	may	have	children,	whereas	identifiers	and	values	are	leaves,	or	nodes	without	children.
The	same	goes	for	the	DOM.	Nodes	for	elements,	which	represent	HTML	tags,	determine	the	structure	of	the	document.	These	can	have	child	nodes.	An	example	of	such	a	node	is	document.body.	Some	of	these	children	can	be	leaf	nodes,	such	as	pieces	of	text	or	comment	nodes.	Each	DOM	node	object	has	a	nodeType	property,	which	contains	a	code
(number)	that	identifies	the	type	of	node.	Elements	have	code	1,	which	is	also	defined	as	the	constant	property	Node.ELEMENT_NODE.	Text	nodes,	representing	a	section	of	text	in	the	document,	get	code	3	(Node.TEXT_NODE).	Comments	have	code	8	(Node.COMMENT_NODE).	Another	way	to	visualize	our	document	tree	is	as	follows:	The	leaves	are
text	nodes,	and	the	arrows	indicate	parent-child	relationships	between	nodes.	The	standard	Using	cryptic	numeric	codes	to	represent	node	types	is	not	a	very	JavaScript-like	thing	to	do.	Later	in	this	chapter,	we’ll	see	that	other	parts	of	the	DOM	interface	also	feel	cumbersome	and	alien.	The	reason	for	this	is	that	the	DOM	wasn’t	designed	for	just
JavaScript.	Rather,	it	tries	to	be	a	language-neutral	interface	that	can	be	used	in	other	systems	as	well—not	just	for	HTML	but	also	for	XML,	which	is	a	generic	data	format	with	an	HTML-like	syntax.	This	is	unfortunate.	Standards	are	often	useful.	But	in	this	case,	the	advantage	(cross-language	consistency)	isn’t	all	that	compelling.	Having	an	interface
that	is	properly	integrated	with	the	language	you	are	using	will	save	you	more	time	than	having	a	familiar	interface	across	languages.	As	an	example	of	this	poor	integration,	consider	the	childNodes	property	that	element	nodes	in	the	DOM	have.	This	property	holds	an	array-like	object,	with	a	length	property	and	properties	labeled	by	numbers	to
access	the	child	nodes.	But	it	is	an	instance	of	the	NodeList	type,	not	a	real	array,	so	it	does	not	have	methods	such	as	slice	and	map.	Then	there	are	issues	that	are	simply	poor	design.	For	example,	there	is	no	way	to	create	a	new	node	and	immediately	add	children	or	attributes	to	it.	Instead,	you	have	to	first	create	it	and	then	add	the	children	and
attributes	one	by	one,	using	side	effects.	Code	that	interacts	heavily	with	the	DOM	tends	to	get	long,	repetitive,	and	ugly.	But	these	flaws	aren’t	fatal.	Since	JavaScript	allows	us	to	create	our	own	abstractions,	it	is	possible	to	design	improved	ways	to	express	the	operations	you	are	performing.	Many	libraries	intended	for	browser	programming	come
with	such	tools.	Moving	through	the	tree	DOM	nodes	contain	a	wealth	of	links	to	other	nearby	nodes.	The	following	diagram	illustrates	these:	Although	the	diagram	shows	only	one	link	of	each	type,	every	node	has	a	parentNode	property	that	points	to	the	node	it	is	part	of,	if	any.	Likewise,	every	element	node	(node	type	1)	has	a	childNodes	property
that	points	to	an	array-like	object	holding	its	children.	In	theory,	you	could	move	anywhere	in	the	tree	using	just	these	parent	and	child	links.	But	JavaScript	also	gives	you	access	to	a	number	of	additional	convenience	links.	The	firstChild	and	lastChild	properties	point	to	the	first	and	last	child	elements	or	have	the	value	null	for	nodes	without	children.
Similarly,	previousSibling	and	nextSibling	point	to	adjacent	nodes,	which	are	nodes	with	the	same	parent	that	appear	immediately	before	or	after	the	node	itself.	For	a	first	child,	previousSibling	will	be	null,	and	for	a	last	child,	nextSibling	will	be	null.	There’s	also	the	children	property,	which	is	like	childNodes	but	contains	only	element	(type	1)
children,	not	other	types	of	child	nodes.	This	can	be	useful	when	you	aren’t	interested	in	text	nodes.	When	dealing	with	a	nested	data	structure	like	this	one,	recursive	functions	are	often	useful.	The	following	function	scans	a	document	for	text	nodes	containing	a	given	string	and	returns	true	when	it	has	found	one:	function	talksAbout(node,	string)	{	if
(node.nodeType	==	Node.ELEMENT_NODE)	{	for	(let	child	of	node.childNodes)	{	if	(talksAbout(child,	string))	{	return	true;	}	}	return	false;	}	else	if	(node.nodeType	==	Node.TEXT_NODE)	{	return	node.nodeValue.indexOf(string)	>	-1;	}	}	console.log(talksAbout(document.body,	"book"));	The	nodeValue	property	of	a	text	node	holds	the	string	of	text
that	it	represents.	Finding	elements	Navigating	these	links	among	parents,	children,	and	siblings	is	often	useful.	But	if	we	want	to	find	a	specific	node	in	the	document,	reaching	it	by	starting	at	document.body	and	following	a	fixed	path	of	properties	is	a	bad	idea.	Doing	so	bakes	assumptions	into	our	program	about	the	precise	structure	of	the
document—a	structure	you	might	want	to	change	later.	Another	complicating	factor	is	that	text	nodes	are	created	even	for	the	whitespace	between	nodes.	The	example	document’s	tag	does	not	have	just	three	children	(	and	two	elements)	but	actually	has	seven:	those	three,	plus	the	spaces	before,	after,	and	between	them.	So	if	we	want	to	get	the	href
attribute	of	the	link	in	that	document,	we	don’t	want	to	say	something	like	“Get	the	second	child	of	the	sixth	child	of	the	document	body”.	It’d	be	better	if	we	could	say	“Get	the	first	link	in	the	document”.	And	we	can.	let	link	=	document.body.getElementsByTagName("a")[0];	console.log(link.href);	All	element	nodes	have	a	getElementsByTagName
method,	which	collects	all	elements	with	the	given	tag	name	that	are	descendants	(direct	or	indirect	children)	of	that	node	and	returns	them	as	an	array-like	object.	To	find	a	specific	single	node,	you	can	give	it	an	id	attribute	and	use	document.getElementById	instead.	My	ostrich	Gertrude:	let	ostrich	=	document.getElementById("gertrude");
console.log(ostrich.src);	A	third,	similar	method	is	getElementsByClassName,	which,	like	getElementsByTagName,	searches	through	the	contents	of	an	element	node	and	retrieves	all	elements	that	have	the	given	string	in	their	class	attribute.	Changing	the	document	Almost	everything	about	the	DOM	data	structure	can	be	changed.	The	shape	of	the
document	tree	can	be	modified	by	changing	parent-child	relationships.	Nodes	have	a	remove	method	to	remove	them	from	their	current	parent	node.	To	add	a	child	node	to	an	element	node,	we	can	use	appendChild,	which	puts	it	at	the	end	of	the	list	of	children,	or	insertBefore,	which	inserts	the	node	given	as	the	first	argument	before	the	node	given
as	the	second	argument.	One	Two	Three	let	paragraphs	=	document.body.getElementsByTagName("p");	document.body.insertBefore(paragraphs[2],	paragraphs[0]);	A	node	can	exist	in	the	document	in	only	one	place.	Thus,	inserting	paragraph	Three	in	front	of	paragraph	One	will	first	remove	it	from	the	end	of	the	document	and	then	insert	it	at	the
front,	resulting	in	Three/One/Two.	All	operations	that	insert	a	node	somewhere	will,	as	a	side	effect,	cause	it	to	be	removed	from	its	current	position	(if	it	has	one).	The	replaceChild	method	is	used	to	replace	a	child	node	with	another	one.	It	takes	as	arguments	two	nodes:	a	new	node	and	the	node	to	be	replaced.	The	replaced	node	must	be	a	child	of
the	element	the	method	is	called	on.	Note	that	both	replaceChild	and	insertBefore	expect	the	new	node	as	their	first	argument.	Creating	nodes	Say	we	want	to	write	a	script	that	replaces	all	images	(	tags)	in	the	document	with	the	text	held	in	their	alt	attributes,	which	specifies	an	alternative	textual	representation	of	the	image.	This	involves	not	only
removing	the	images	but	adding	a	new	text	node	to	replace	them.	Text	nodes	are	created	with	the	document.createTextNode	method.	The	in	the	.	Replace	function	replaceImages()	{	let	images	=	document.body.getElementsByTagName("img");	for	(let	i	=	images.length	-	1;	i	>=	0;	i--)	{	let	image	=	images[i];	if	(image.alt)	{	let	text	=
document.createTextNode(image.alt);	image.parentNode.replaceChild(text,	image);	}	}	}	Given	a	string,	createTextNode	gives	us	a	text	node	that	we	can	insert	into	the	document	to	make	it	show	up	on	the	screen.	The	loop	that	goes	over	the	images	starts	at	the	end	of	the	list.	This	is	necessary	because	the	node	list	returned	by	a	method	like
getElementsByTagName	(or	a	property	like	childNodes)	is	live.	That	is,	it	is	updated	as	the	document	changes.	If	we	started	from	the	front,	removing	the	first	image	would	cause	the	list	to	lose	its	first	element	so	that	the	second	time	the	loop	repeats,	where	i	is	1,	it	would	stop	because	the	length	of	the	collection	is	now	also	1.	If	you	want	a	solid
collection	of	nodes,	as	opposed	to	a	live	one,	you	can	convert	the	collection	to	a	real	array	by	calling	Array.from.	let	arrayish	=	{0:	"one",	1:	"two",	length:	2};	let	array	=	Array.from(arrayish);	console.log(array.map(s	=>	s.toUpperCase()));	To	create	element	nodes,	you	can	use	the	document.createElement	method.	This	method	takes	a	tag	name	and
returns	a	new	empty	node	of	the	given	type.	The	following	example	defines	a	utility	elt,	which	creates	an	element	node	and	treats	the	rest	of	its	arguments	as	children	to	that	node.	This	function	is	then	used	to	add	an	attribution	to	a	quote.	No	book	can	ever	be	finished.	While	working	on	it	we	learn	just	enough	to	find	it	immature	the	moment	we	turn
away	from	it.	function	elt(type,	children)	{	let	node	=	document.createElement(type);	for	(let	child	of	children)	{	if	(typeof	child	!=	"string")	node.appendChild(child);	else	node.appendChild(document.createTextNode(child));	}	return	node;	}	document.getElementById("quote").appendChild(	elt("footer",	"—",	elt("strong",	"Karl	Popper"),	",	preface	to
the	second	edition	of	",	elt("em",	"The	Open	Society	and	Its	Enemies"),	",	1950"));	Attributes	Some	element	attributes,	such	as	href	for	links,	can	be	accessed	through	a	property	of	the	same	name	on	the	element’s	DOM	object.	This	is	the	case	for	most	commonly	used	standard	attributes.	But	HTML	allows	you	to	set	any	attribute	you	want	on	nodes.	This
can	be	useful	because	it	allows	you	to	store	extra	information	in	a	document.	If	you	make	up	your	own	attribute	names,	though,	such	attributes	will	not	be	present	as	properties	on	the	element’s	node.	Instead,	you	have	to	use	the	getAttribute	and	setAttribute	methods	to	work	with	them.	The	launch	code	is	00000000.	I	have	two	feet.	let	paras	=
document.body.getElementsByTagName("p");	for	(let	para	of	Array.from(paras))	{	if	(para.getAttribute("data-classified")	==	"secret")	{	para.remove();	}	}	It	is	recommended	to	prefix	the	names	of	such	made-up	attributes	with	data-	to	ensure	they	do	not	conflict	with	any	other	attributes.	There	is	a	commonly	used	attribute,	class,	which	is	a	keyword	in
the	JavaScript	language.	For	historical	reasons—some	old	JavaScript	implementations	could	not	handle	property	names	that	matched	keywords—the	property	used	to	access	this	attribute	is	called	className.	You	can	also	access	it	under	its	real	name,	"class",	by	using	the	getAttribute	and	setAttribute	methods.	Layout	You	may	have	noticed	that
different	types	of	elements	are	laid	out	differently.	Some,	such	as	paragraphs	()	or	headings	(),	take	up	the	whole	width	of	the	document	and	are	rendered	on	separate	lines.	These	are	called	block	elements.	Others,	such	as	links	()	or	the	element,	are	rendered	on	the	same	line	with	their	surrounding	text.	Such	elements	are	called	inline	elements.	For
any	given	document,	browsers	are	able	to	compute	a	layout,	which	gives	each	element	a	size	and	position	based	on	its	type	and	content.	This	layout	is	then	used	to	actually	draw	the	document.	The	size	and	position	of	an	element	can	be	accessed	from	JavaScript.	The	offsetWidth	and	offsetHeight	properties	give	you	the	space	the	element	takes	up	in
pixels.	A	pixel	is	the	basic	unit	of	measurement	in	the	browser.	It	traditionally	corresponds	to	the	smallest	dot	that	the	screen	can	draw,	but	on	modern	displays,	which	can	draw	very	small	dots,	that	may	no	longer	be	the	case,	and	a	browser	pixel	may	span	multiple	display	dots.	Similarly,	clientWidth	and	clientHeight	give	you	the	size	of	the	space
inside	the	element,	ignoring	border	width.	I'm	boxed	in	let	para	=	document.body.getElementsByTagName("p")[0];	console.log("clientHeight:",	para.clientHeight);	console.log("offsetHeight:",	para.offsetHeight);	The	most	effective	way	to	find	the	precise	position	of	an	element	on	the	screen	is	the	getBoundingClientRect	method.	It	returns	an	object	with
top,	bottom,	left,	and	right	properties,	indicating	the	pixel	positions	of	the	sides	of	the	element	relative	to	the	top	left	of	the	screen.	If	you	want	them	relative	to	the	whole	document,	you	must	add	the	current	scroll	position,	which	you	can	find	in	the	pageXOffset	and	pageYOffset	bindings.	Laying	out	a	document	can	be	quite	a	lot	of	work.	In	the	interest
of	speed,	browser	engines	do	not	immediately	re-layout	a	document	every	time	you	change	it	but	wait	as	long	as	they	can.	When	a	JavaScript	program	that	changed	the	document	finishes	running,	the	browser	will	have	to	compute	a	new	layout	to	draw	the	changed	document	to	the	screen.	When	a	program	asks	for	the	position	or	size	of	something	by
reading	properties	such	as	offsetHeight	or	calling	getBoundingClientRect,	providing	correct	information	also	requires	computing	a	layout.	A	program	that	repeatedly	alternates	between	reading	DOM	layout	information	and	changing	the	DOM	forces	a	lot	of	layout	computations	to	happen	and	will	consequently	run	very	slowly.	The	following	code	is	an
example	of	this.	It	contains	two	different	programs	that	build	up	a	line	of	X	characters	2,000	pixels	wide	and	measures	the	time	each	one	takes.	function	time(name,	action)	{	let	start	=	Date.now();	action();	console.log(name,	"took",	Date.now()	-	start,	"ms");	}	time("naive",	()	=>	{	let	target	=	document.getElementById("one");	while	(target.offsetWidth
<	2000)	{	target.appendChild(document.createTextNode("X"));	}	});	time("clever",	function()	{	let	target	=	document.getElementById("two");	target.appendChild(document.createTextNode("XXXXX"));	let	total	=	Math.ceil(2000	/	(target.offsetWidth	/	5));	target.firstChild.nodeValue	=	"X".repeat(total);	});	Styling	We	have	seen	that	different	HTML
elements	are	drawn	differently.	Some	are	displayed	as	blocks,	others	inline.	Some	add	styling—	makes	its	content	bold,	and	makes	it	blue	and	underlines	it.	The	way	an	tag	shows	an	image	or	an	tag	causes	a	link	to	be	followed	when	it	is	clicked	is	strongly	tied	to	the	element	type.	But	we	can	change	the	styling	associated	with	an	element,	such	as	the
text	color	or	underline.	Here	is	an	example	that	uses	the	style	property:	Normal	link	Green	link	A	style	attribute	may	contain	one	or	more	declarations,	which	are	a	property	(such	as	color)	followed	by	a	colon	and	a	value	(such	as	green).	When	there	is	more	than	one	declaration,	they	must	be	separated	by	semicolons,	as	in	"color:	red;	border:	none".	A
lot	of	aspects	of	the	document	can	be	influenced	by	styling.	For	example,	the	display	property	controls	whether	an	element	is	displayed	as	a	block	or	an	inline	element.	This	text	is	displayed	inline,	as	a	block,	and	not	at	all.	The	block	tag	will	end	up	on	its	own	line	since	block	elements	are	not	displayed	inline	with	the	text	around	them.	The	last	tag	is	not
displayed	at	all—display:	none	prevents	an	element	from	showing	up	on	the	screen.	This	is	a	way	to	hide	elements.	It	is	often	preferable	to	removing	them	from	the	document	entirely	because	it	makes	it	easy	to	reveal	them	again	later.	JavaScript	code	can	directly	manipulate	the	style	of	an	element	through	the	element’s	style	property.	This	property
holds	an	object	that	has	properties	for	all	possible	style	properties.	The	values	of	these	properties	are	strings,	which	we	can	write	to	in	order	to	change	a	particular	aspect	of	the	element’s	style.	Nice	text	let	para	=	document.getElementById("para");	console.log(para.style.color);	para.style.color	=	"magenta";	Some	style	property	names	contain
hyphens,	such	as	font-family.	Because	such	property	names	are	awkward	to	work	with	in	JavaScript	(you’d	have	to	say	style["font-family"]),	the	property	names	in	the	style	object	for	such	properties	have	their	hyphens	removed	and	the	letters	after	them	capitalized	(style.fontFamily).	Cascading	styles	The	styling	system	for	HTML	is	called	CSS,	for
Cascading	Style	Sheets.	A	style	sheet	is	a	set	of	rules	for	how	to	style	elements	in	a	document.	It	can	be	given	inside	a	tag.	strong	{	font-style:	italic;	color:	gray;	}	Now	strong	text	is	italic	and	gray.	The	cascading	in	the	name	refers	to	the	fact	that	multiple	such	rules	are	combined	to	produce	the	final	style	for	an	element.	In	the	example,	the	default
styling	for	tags,	which	gives	them	font-weight:	bold,	is	overlaid	by	the	rule	in	the	tag,	which	adds	font-style	and	color.	When	multiple	rules	define	a	value	for	the	same	property,	the	most	recently	read	rule	gets	a	higher	precedence	and	wins.	So	if	the	rule	in	the	tag	included	font-weight:	normal,	contradicting	the	default	font-weight	rule,	the	text	would
be	normal,	not	bold.	Styles	in	a	style	attribute	applied	directly	to	the	node	have	the	highest	precedence	and	always	win.	It	is	possible	to	target	things	other	than	tag	names	in	CSS	rules.	A	rule	for	.abc	applies	to	all	elements	with	"abc"	in	their	class	attribute.	A	rule	for	#xyz	applies	to	the	element	with	an	id	attribute	of	"xyz"	(which	should	be	unique
within	the	document).	.subtle	{	color:	gray;	font-size:	80%;	}	#header	{	background:	blue;	color:	white;	}	p#main.a.b	{	margin-bottom:	20px;	}	The	precedence	rule	favoring	the	most	recently	defined	rule	applies	only	when	the	rules	have	the	same	specificity.	A	rule’s	specificity	is	a	measure	of	how	precisely	it	describes	matching	elements,	determined
by	the	number	and	kind	(tag,	class,	or	ID)	of	element	aspects	it	requires.	For	example,	a	rule	that	targets	p.a	is	more	specific	than	rules	that	target	p	or	just	.a	and	would	thus	take	precedence	over	them.	The	notation	p	>	a	{…}	applies	the	given	styles	to	all	tags	that	are	direct	children	of	tags.	Similarly,	p	a	{…}	applies	to	all	tags	inside	tags,	whether
they	are	direct	or	indirect	children.	Query	selectors	We	won’t	be	using	style	sheets	all	that	much	in	this	book.	Understanding	them	is	helpful	when	programming	in	the	browser,	but	they	are	complicated	enough	to	warrant	a	separate	book.	The	main	reason	I	introduced	selector	syntax—the	notation	used	in	style	sheets	to	determine	which	elements	a	set
of	styles	apply	to—is	that	we	can	use	this	same	mini-language	as	an	effective	way	to	find	DOM	elements.	The	querySelectorAll	method,	which	is	defined	both	on	the	document	object	and	on	element	nodes,	takes	a	selector	string	and	returns	a	NodeList	containing	all	the	elements	that	it	matches.	And	if	you	go	chasing	rabbits	And	you	know	you're	going
to	fall	Tell	'em	a	hookah	smoking	caterpillar	Has	given	you	the	call	function	count(selector)	{	return	document.querySelectorAll(selector).length;	}	console.log(count("p"));	console.log(count(".animal"));	console.log(count("p	.animal"));	console.log(count("p	>	.animal"));	Unlike	methods	such	as	getElementsByTagName,	the	object	returned	by
querySelectorAll	is	not	live.	It	won’t	change	when	you	change	the	document.	It	is	still	not	a	real	array,	though,	so	you	still	need	to	call	Array.from	if	you	want	to	treat	it	like	one.	The	querySelector	method	(without	the	All	part)	works	in	a	similar	way.	This	one	is	useful	if	you	want	a	specific,	single	element.	It	will	return	only	the	first	matching	element	or
null	when	no	element	matches.	Positioning	and	animating	The	position	style	property	influences	layout	in	a	powerful	way.	By	default	it	has	a	value	of	static,	meaning	the	element	sits	in	its	normal	place	in	the	document.	When	it	is	set	to	relative,	the	element	still	takes	up	space	in	the	document,	but	now	the	top	and	left	style	properties	can	be	used	to
move	it	relative	to	that	normal	place.	When	position	is	set	to	absolute,	the	element	is	removed	from	the	normal	document	flow—that	is,	it	no	longer	takes	up	space	and	may	overlap	with	other	elements.	Also,	its	top	and	left	properties	can	be	used	to	absolutely	position	it	relative	to	the	top-left	corner	of	the	nearest	enclosing	element	whose	position
property	isn’t	static,	or	relative	to	the	document	if	no	such	enclosing	element	exists.	We	can	use	this	to	create	an	animation.	The	following	document	displays	a	picture	of	a	cat	that	moves	around	in	an	ellipse:	let	cat	=	document.querySelector("img");	let	angle	=	Math.PI	/	2;	function	animate(time,	lastTime)	{	if	(lastTime	!=	null)	{	angle	+=	(time	-
lastTime)	*	0.001;	}	cat.style.top	=	(Math.sin(angle)	*	20)	+	"px";	cat.style.left	=	(Math.cos(angle)	*	200)	+	"px";	requestAnimationFrame(newTime	=>	animate(newTime,	time));	}	requestAnimationFrame(animate);	Our	picture	is	centered	on	the	page	and	given	a	position	of	relative.	We’ll	repeatedly	update	that	picture’s	top	and	left	styles	to	move	it.
The	script	uses	requestAnimationFrame	to	schedule	the	animate	function	to	run	whenever	the	browser	is	ready	to	repaint	the	screen.	The	animate	function	itself	again	calls	requestAnimationFrame	to	schedule	the	next	update.	When	the	browser	window	(or	tab)	is	active,	this	will	cause	updates	to	happen	at	a	rate	of	about	60	per	second,	which	tends	to
produce	a	good-looking	animation.	If	we	just	updated	the	DOM	in	a	loop,	the	page	would	freeze,	and	nothing	would	show	up	on	the	screen.	Browsers	do	not	update	their	display	while	a	JavaScript	program	is	running,	nor	do	they	allow	any	interaction	with	the	page.	This	is	why	we	need	requestAnimationFrame—it	lets	the	browser	know	that	we	are	done
for	now,	and	it	can	go	ahead	and	do	the	things	that	browsers	do,	such	as	updating	the	screen	and	responding	to	user	actions.	The	animation	function	is	passed	the	current	time	as	an	argument.	To	ensure	that	the	motion	of	the	cat	per	millisecond	is	stable,	it	bases	the	speed	at	which	the	angle	changes	on	the	difference	between	the	current	time	and	the
last	time	the	function	ran.	If	it	just	moved	the	angle	by	a	fixed	amount	per	step,	the	motion	would	stutter	if,	for	example,	another	heavy	task	running	on	the	same	computer	were	to	prevent	the	function	from	running	for	a	fraction	of	a	second.	Moving	in	circles	is	done	using	the	trigonometry	functions	Math.cos	and	Math.sin.	For	those	who	aren’t	familiar
with	these,	I’ll	briefly	introduce	them	since	we	will	occasionally	use	them	in	this	book.	Math.cos	and	Math.sin	are	useful	for	finding	points	that	lie	on	a	circle	around	point	(0,0)	with	a	radius	of	one.	Both	functions	interpret	their	argument	as	the	position	on	this	circle,	with	zero	denoting	the	point	on	the	far	right	of	the	circle,	going	clockwise	until	2π
(about	6.28)	has	taken	us	around	the	whole	circle.	Math.cos	tells	you	the	x-coordinate	of	the	point	that	corresponds	to	the	given	position,	and	Math.sin	yields	the	y-coordinate.	Positions	(or	angles)	greater	than	2π	or	less	than	0	are	valid—the	rotation	repeats	so	that	a+2π	refers	to	the	same	angle	as	a.	This	unit	for	measuring	angles	is	called	radians—a
full	circle	is	2π	radians,	similar	to	how	it	is	360	degrees	when	measuring	in	degrees.	The	constant	π	is	available	as	Math.PI	in	JavaScript.	The	cat	animation	code	keeps	a	counter,	angle,	for	the	current	angle	of	the	animation	and	increments	it	every	time	the	animate	function	is	called.	It	can	then	use	this	angle	to	compute	the	current	position	of	the
image	element.	The	top	style	is	computed	with	Math.sin	and	multiplied	by	20,	which	is	the	vertical	radius	of	our	ellipse.	The	left	style	is	based	on	Math.cos	and	multiplied	by	200	so	that	the	ellipse	is	much	wider	than	it	is	high.	Note	that	styles	usually	need	units.	In	this	case,	we	have	to	append	"px"	to	the	number	to	tell	the	browser	that	we	are	counting
in	pixels	(as	opposed	to	centimeters,	“ems”,	or	other	units).	This	is	easy	to	forget.	Using	numbers	without	units	will	result	in	your	style	being	ignored—unless	the	number	is	0,	which	always	means	the	same	thing,	regardless	of	its	unit.	Summary	JavaScript	programs	may	inspect	and	interfere	with	the	document	that	the	browser	is	displaying	through	a
data	structure	called	the	DOM.	This	data	structure	represents	the	browser’s	model	of	the	document,	and	a	JavaScript	program	can	modify	it	to	change	the	visible	document.	The	DOM	is	organized	like	a	tree,	in	which	elements	are	arranged	hierarchically	according	to	the	structure	of	the	document.	The	objects	representing	elements	have	properties
such	as	parentNode	and	childNodes,	which	can	be	used	to	navigate	through	this	tree.	The	way	a	document	is	displayed	can	be	influenced	by	styling,	both	by	attaching	styles	to	nodes	directly	and	by	defining	rules	that	match	certain	nodes.	There	are	many	different	style	properties,	such	as	color	or	display.	JavaScript	code	can	manipulate	an	element’s
style	directly	through	its	style	property.	Exercises	Build	a	table	An	HTML	table	is	built	with	the	following	tag	structure:	name	height	place	Kilimanjaro	5895	Tanzania	For	each	row,	the	tag	contains	a	tag.	Inside	of	these	tags,	we	can	put	cell	elements:	either	heading	cells	()	or	regular	cells	().	Given	a	data	set	of	mountains,	an	array	of	objects	with	name,
height,	and	place	properties,	generate	the	DOM	structure	for	a	table	that	enumerates	the	objects.	It	should	have	one	column	per	key	and	one	row	per	object,	plus	a	header	row	with	elements	at	the	top,	listing	the	column	names.	Write	this	so	that	the	columns	are	automatically	derived	from	the	objects,	by	taking	the	property	names	of	the	first	object	in
the	data.	Add	the	resulting	table	to	the	element	with	an	id	attribute	of	"mountains"	so	that	it	becomes	visible	in	the	document.	Once	you	have	this	working,	right-align	cells	that	contain	number	values	by	setting	their	style.textAlign	property	to	"right".	Mountains	const	MOUNTAINS	=	[	{name:	"Kilimanjaro",	height:	5895,	place:	"Tanzania"},	{name:
"Everest",	height:	8848,	place:	"Nepal"},	{name:	"Mount	Fuji",	height:	3776,	place:	"Japan"},	{name:	"Vaalserberg",	height:	323,	place:	"Netherlands"},	{name:	"Denali",	height:	6168,	place:	"United	States"},	{name:	"Popocatepetl",	height:	5465,	place:	"Mexico"},	{name:	"Mont	Blanc",	height:	4808,	place:	"Italy/France"}	];	You	can	use
document.createElement	to	create	new	element	nodes,	document.createTextNode	to	create	text	nodes,	and	the	appendChild	method	to	put	nodes	into	other	nodes.	You’ll	want	to	loop	over	the	key	names	once	to	fill	in	the	top	row	and	then	again	for	each	object	in	the	array	to	construct	the	data	rows.	To	get	an	array	of	key	names	from	the	first	object,
Object.keys	will	be	useful.	To	add	the	table	to	the	correct	parent	node,	you	can	use	document.getElementById	or	document.querySelector	to	find	the	node	with	the	proper	id	attribute.	Elements	by	tag	name	The	document.getElementsByTagName	method	returns	all	child	elements	with	a	given	tag	name.	Implement	your	own	version	of	this	as	a	function
that	takes	a	node	and	a	string	(the	tag	name)	as	arguments	and	returns	an	array	containing	all	descendant	element	nodes	with	the	given	tag	name.	To	find	the	tag	name	of	an	element,	use	its	nodeName	property.	But	note	that	this	will	return	the	tag	name	in	all	uppercase.	Use	the	toLowerCase	or	toUpperCase	string	methods	to	compensate	for	this.
Heading	with	a	span	element.	A	paragraph	with	one,	two	spans.	function	byTagName(node,	tagName)	{	}	console.log(byTagName(document.body,	"h1").length);	console.log(byTagName(document.body,	"span").length);	let	para	=	document.querySelector("p");	console.log(byTagName(para,	"span").length);	The	solution	is	most	easily	expressed	with	a
recursive	function,	similar	to	the	talksAbout	function	defined	earlier	in	this	chapter.	You	could	call	byTagname	itself	recursively,	concatenating	the	resulting	arrays	to	produce	the	output.	Or	you	could	create	an	inner	function	that	calls	itself	recursively	and	that	has	access	to	an	array	binding	defined	in	the	outer	function,	to	which	it	can	add	the
matching	elements	it	finds.	Don’t	forget	to	call	the	inner	function	once	from	the	outer	function	to	start	the	process.	The	recursive	function	must	check	the	node	type.	Here	we	are	interested	only	in	node	type	1	(Node.ELEMENT_NODE).	For	such	nodes,	we	must	loop	over	their	children	and,	for	each	child,	see	whether	the	child	matches	the	query	while
also	doing	a	recursive	call	on	it	to	inspect	its	own	children.	The	cat’s	hat	Extend	the	cat	animation	defined	earlier	so	that	both	the	cat	and	his	hat	()	orbit	at	opposite	sides	of	the	ellipse.	Or	make	the	hat	circle	around	the	cat.	Or	alter	the	animation	in	some	other	interesting	way.	To	make	positioning	multiple	objects	easier,	it	is	probably	a	good	idea	to
switch	to	absolute	positioning.	This	means	that	top	and	left	are	counted	relative	to	the	top	left	of	the	document.	To	avoid	using	negative	coordinates,	which	would	cause	the	image	to	move	outside	of	the	visible	page,	you	can	add	a	fixed	number	of	pixels	to	the	position	values.	body	{	min-height:	200px	}	let	cat	=	document.querySelector("#cat");	let	hat
=	document.querySelector("#hat");	let	angle	=	0;	let	lastTime	=	null;	function	animate(time)	{	if	(lastTime	!=	null)	angle	+=	(time	-	lastTime)	*	0.001;	lastTime	=	time;	cat.style.top	=	(Math.sin(angle)	*	40	+	40)	+	"px";	cat.style.left	=	(Math.cos(angle)	*	200	+	230)	+	"px";	requestAnimationFrame(animate);	}	requestAnimationFrame(animate);
Math.cos	and	Math.sin	measure	angles	in	radians,	where	a	full	circle	is	2π.	For	a	given	angle,	you	can	get	the	opposite	angle	by	adding	half	of	this,	which	is	Math.PI.	This	can	be	useful	for	putting	the	hat	on	the	opposite	side	of	the	orbit.	◀	◆	▶	Page	3	◀	◆	▶	The	dream	behind	the	Web	is	of	a	common	information	space	in	which	we	communicate	by
sharing	information.	Its	universality	is	essential:	the	fact	that	a	hypertext	link	can	point	to	anything,	be	it	personal,	local	or	global,	be	it	draft	or	highly	polished.	Tim	Berners-Lee,	The	World	Wide	Web:	A	very	short	personal	history	The	next	chapters	of	this	book	will	talk	about	web	browsers.	Without	web	browsers,	there	would	be	no	JavaScript.	Or	even
if	there	were,	no	one	would	ever	have	paid	any	attention	to	it.	Web	technology	has	been	decentralized	from	the	start,	not	just	technically	but	also	in	the	way	it	evolved.	Various	browser	vendors	have	added	new	functionality	in	ad	hoc	and	sometimes	poorly	thought-out	ways,	which	then,	sometimes,	ended	up	being	adopted	by	others—and	finally	set
down	as	in	standards.	This	is	both	a	blessing	and	a	curse.	On	the	one	hand,	it	is	empowering	to	not	have	a	central	party	control	a	system	but	have	it	be	improved	by	various	parties	working	in	loose	collaboration	(or	occasionally	open	hostility).	On	the	other	hand,	the	haphazard	way	in	which	the	Web	was	developed	means	that	the	resulting	system	is	not
exactly	a	shining	example	of	internal	consistency.	Some	parts	of	it	are	downright	confusing	and	poorly	conceived.	Networks	and	the	Internet	Computer	networks	have	been	around	since	the	1950s.	If	you	put	cables	between	two	or	more	computers	and	allow	them	to	send	data	back	and	forth	through	these	cables,	you	can	do	all	kinds	of	wonderful
things.	And	if	connecting	two	machines	in	the	same	building	allows	us	to	do	wonderful	things,	connecting	machines	all	over	the	planet	should	be	even	better.	The	technology	to	start	implementing	this	vision	was	developed	in	the	1980s,	and	the	resulting	network	is	called	the	Internet.	It	has	lived	up	to	its	promise.	A	computer	can	use	this	network	to
shoot	bits	at	another	computer.	For	any	effective	communication	to	arise	out	of	this	bit-shooting,	the	computers	on	both	ends	must	know	what	the	bits	are	supposed	to	represent.	The	meaning	of	any	given	sequence	of	bits	depends	entirely	on	the	kind	of	thing	that	it	is	trying	to	express	and	on	the	encoding	mechanism	used.	A	network	protocol
describes	a	style	of	communication	over	a	network.	There	are	protocols	for	sending	email,	for	fetching	email,	for	sharing	files,	and	even	for	controlling	computers	that	happen	to	be	infected	by	malicious	software.	For	example,	the	Hypertext	Transfer	Protocol	(HTTP)	is	a	protocol	for	retrieving	named	resources	(chunks	of	information,	such	as	web
pages	or	pictures).	It	specifies	that	the	side	making	the	request	should	start	with	a	line	like	this,	naming	the	resource	and	the	version	of	the	protocol	that	it	is	trying	to	use:	GET	/index.html	HTTP/1.1	There	are	a	lot	more	rules	about	the	way	the	requester	can	include	more	information	in	the	request	and	the	way	the	other	side,	which	returns	the
resource,	packages	up	its	content.	We’ll	look	at	HTTP	in	a	little	more	detail	in	Chapter	18.	Most	protocols	are	built	on	top	of	other	protocols.	HTTP	treats	the	network	as	a	streamlike	device	into	which	you	can	put	bits	and	have	them	arrive	at	the	correct	destination	in	the	correct	order.	As	we	saw	in	Chapter	11,	ensuring	those	things	is	already	a	rather
difficult	problem.	The	Transmission	Control	Protocol	(TCP)	is	a	protocol	that	addresses	this	problem.	All	Internet-connected	devices	“speak”	it,	and	most	communication	on	the	Internet	is	built	on	top	of	it.	A	TCP	connection	works	as	follows:	one	computer	must	be	waiting,	or	listening,	for	other	computers	to	start	talking	to	it.	To	be	able	to	listen	for
different	kinds	of	communication	at	the	same	time	on	a	single	machine,	each	listener	has	a	number	(called	a	port)	associated	with	it.	Most	protocols	specify	which	port	should	be	used	by	default.	For	example,	when	we	want	to	send	an	email	using	the	SMTP	protocol,	the	machine	through	which	we	send	it	is	expected	to	be	listening	on	port	25.	Another
computer	can	then	establish	a	connection	by	connecting	to	the	target	machine	using	the	correct	port	number.	If	the	target	machine	can	be	reached	and	is	listening	on	that	port,	the	connection	is	successfully	created.	The	listening	computer	is	called	the	server,	and	the	connecting	computer	is	called	the	client.	Such	a	connection	acts	as	a	two-way	pipe
through	which	bits	can	flow—the	machines	on	both	ends	can	put	data	into	it.	Once	the	bits	are	successfully	transmitted,	they	can	be	read	out	again	by	the	machine	on	the	other	side.	This	is	a	convenient	model.	You	could	say	that	TCP	provides	an	abstraction	of	the	network.	The	Web	The	World	Wide	Web	(not	to	be	confused	with	the	Internet	as	a	whole)
is	a	set	of	protocols	and	formats	that	allow	us	to	visit	web	pages	in	a	browser.	The	“Web”	part	in	the	name	refers	to	the	fact	that	such	pages	can	easily	link	to	each	other,	thus	connecting	into	a	huge	mesh	that	users	can	move	through.	To	become	part	of	the	Web,	all	you	need	to	do	is	connect	a	machine	to	the	Internet	and	have	it	listen	on	port	80	with
the	HTTP	protocol	so	that	other	computers	can	ask	it	for	documents.	Each	document	on	the	Web	is	named	by	a	Uniform	Resource	Locator	(URL),	which	looks	something	like	this:	|	|	|	|	protocol	server	path	The	first	part	tells	us	that	this	URL	uses	the	HTTP	protocol	(as	opposed	to,	for	example,	encrypted	HTTP,	which	would	be	https://).	Then	comes	the
part	that	identifies	which	server	we	are	requesting	the	document	from.	Last	is	a	path	string	that	identifies	the	specific	document	(or	resource)	we	are	interested	in.	Machines	connected	to	the	Internet	get	an	IP	address,	which	is	a	number	that	can	be	used	to	send	messages	to	that	machine,	and	looks	something	like	149.210.142.219	or
2001:4860:4860::8888.	But	lists	of	more	or	less	random	numbers	are	hard	to	remember	and	awkward	to	type,	so	you	can	instead	register	a	domain	name	for	a	specific	address	or	set	of	addresses.	I	registered	eloquentjavascript.net	to	point	at	the	IP	address	of	a	machine	I	control	and	can	thus	use	that	domain	name	to	serve	web	pages.	If	you	type	this
URL	into	your	browser’s	address	bar,	the	browser	will	try	to	retrieve	and	display	the	document	at	that	URL.	First,	your	browser	has	to	find	out	what	address	eloquentjavascript.net	refers	to.	Then,	using	the	HTTP	protocol,	it	will	make	a	connection	to	the	server	at	that	address	and	ask	for	the	resource	/13_browser.html.	If	all	goes	well,	the	server	sends
back	a	document,	which	your	browser	then	displays	on	your	screen.	HTML	HTML,	which	stands	for	Hypertext	Markup	Language,	is	the	document	format	used	for	web	pages.	An	HTML	document	contains	text,	as	well	as	tags	that	give	structure	to	the	text,	describing	things	such	as	links,	paragraphs,	and	headings.	A	short	HTML	document	might	look
like	this:	My	home	page	My	home	page	Hello,	I	am	Marijn	and	this	is	my	home	page.	I	also	wrote	a	book!	Read	it	here.	The	tags,	wrapped	in	angle	brackets	(<	and	>,	the	symbols	for	less	than	and	greater	than),	provide	information	about	the	structure	of	the	document.	The	other	text	is	just	plain	text.	The	document	starts	with	,	which	tells	the	browser
to	interpret	the	page	as	modern	HTML,	as	opposed	to	various	dialects	that	were	in	use	in	the	past.	HTML	documents	have	a	head	and	a	body.	The	head	contains	information	about	the	document,	and	the	body	contains	the	document	itself.	In	this	case,	the	head	declares	that	the	title	of	this	document	is	“My	home	page”	and	that	it	uses	the	UTF-8
encoding,	which	is	a	way	to	encode	Unicode	text	as	binary	data.	The	document’s	body	contains	a	heading	(,	meaning	“heading	1”—	to	produce	subheadings)	and	two	paragraphs	().	Tags	come	in	several	forms.	An	element,	such	as	the	body,	a	paragraph,	or	a	link,	is	started	by	an	opening	tag	like	and	ended	by	a	closing	tag	like	.	Some	opening	tags,	such
as	the	one	for	the	link	(),	contain	extra	information	in	the	form	of	name="value"	pairs.	These	are	called	attributes.	In	this	case,	the	destination	of	the	link	is	indicated	with	href="	",	where	href	stands	for	“hypertext	reference”.	Some	kinds	of	tags	do	not	enclose	anything	and	thus	do	not	need	to	be	closed.	The	metadata	tag	is	an	example	of	this.	To	be
able	to	include	angle	brackets	in	the	text	of	a	document,	even	though	they	have	a	special	meaning	in	HTML,	yet	another	form	of	special	notation	has	to	be	introduced.	A	plain	opening	angle	bracket	is	written	as	<	(“less	than”),	and	a	closing	bracket	is	written	as	>	(“greater	than”).	In	HTML,	an	ampersand	(&)	character	followed	by	a	name	or	character
code	and	a	semicolon	(;)	is	called	an	entity	and	will	be	replaced	by	the	character	it	encodes.	This	is	analogous	to	the	way	backslashes	are	used	in	JavaScript	strings.	Since	this	mechanism	gives	ampersand	characters	a	special	meaning,	too,	they	need	to	be	escaped	as	&.	Inside	attribute	values,	which	are	wrapped	in	double	quotes,	"	can	be	used	to
insert	an	actual	quote	character.	HTML	is	parsed	in	a	remarkably	error-tolerant	way.	When	tags	that	should	be	there	are	missing,	the	browser	reconstructs	them.	The	way	in	which	this	is	done	has	been	standardized,	and	you	can	rely	on	all	modern	browsers	to	do	it	in	the	same	way.	The	following	document	will	be	treated	just	like	the	one	shown
previously:	My	home	page	My	home	page	Hello,	I	am	Marijn	and	this	is	my	home	page.	I	also	wrote	a	book!	Read	it	here.	The	,	,	and	tags	are	gone	completely.	The	browser	knows	that	and	belong	in	the	head	and	that	means	the	body	has	started.	Furthermore,	I	am	no	longer	explicitly	closing	the	paragraphs	since	opening	a	new	paragraph	or	ending	the
document	will	close	them	implicitly.	The	quotes	around	the	attribute	values	are	also	gone.	This	book	will	usually	omit	the	,	,	and	tags	from	examples	to	keep	them	short	and	free	of	clutter.	But	I	will	close	tags	and	include	quotes	around	attributes.	I	will	also	usually	omit	the	doctype	and	charset	declaration.	This	is	not	to	be	taken	as	an	encouragement	to
drop	these	from	HTML	documents.	Browsers	will	often	do	ridiculous	things	when	you	forget	them.	You	should	consider	the	doctype	and	the	charset	metadata	to	be	implicitly	present	in	examples,	even	when	they	are	not	actually	shown	in	the	text.	HTML	and	JavaScript	In	the	context	of	this	book,	the	most	important	HTML	tag	is	.	This	tag	allows	us	to
include	a	piece	of	JavaScript	in	a	document.	Testing	alert	alert("hello!");	Such	a	script	will	run	as	soon	as	its	tag	is	encountered	while	the	browser	reads	the	HTML.	This	page	will	pop	up	a	dialog	when	opened—the	alert	function	resembles	prompt,	in	that	it	pops	up	a	little	window,	but	only	shows	a	message	without	asking	for	input.	Including	large
programs	directly	in	HTML	documents	is	often	impractical.	The	tag	can	be	given	an	src	attribute	to	fetch	a	script	file	(a	text	file	containing	a	JavaScript	program)	from	a	URL.	Testing	alert	The	code/hello.js	file	included	here	contains	the	same	program—alert("hello!").	When	an	HTML	page	references	other	URLs	as	part	of	itself—for	example,	an	image
file	or	a	script—web	browsers	will	retrieve	them	immediately	and	include	them	in	the	page.	A	script	tag	must	always	be	closed	with	,	even	if	it	refers	to	a	script	file	and	doesn’t	contain	any	code.	If	you	forget	this,	the	rest	of	the	page	will	be	interpreted	as	part	of	the	script.	You	can	load	ES	modules	(see	Chapter	10)	in	the	browser	by	giving	your	script
tag	a	type="module"	attribute.	Such	modules	can	depend	on	other	modules	by	using	URLs	relative	to	themselves	as	module	names	in	import	declarations.	Some	attributes	can	also	contain	a	JavaScript	program.	The	tag	shown	next	(which	shows	up	as	a	button)	has	an	onclick	attribute.	The	attribute’s	value	will	be	run	whenever	the	button	is	clicked.	DO
NOT	PRESS	Note	that	I	had	to	use	single	quotes	for	the	string	in	the	onclick	attribute	because	double	quotes	are	already	used	to	quote	the	whole	attribute.	I	could	also	have	used	".	In	the	sandbox	Running	programs	downloaded	from	the	Internet	is	potentially	dangerous.	You	do	not	know	much	about	the	people	behind	most	sites	you	visit,	and	they	do
not	necessarily	mean	well.	Running	programs	by	people	who	do	not	mean	well	is	how	you	get	your	computer	infected	by	viruses,	your	data	stolen,	and	your	accounts	hacked.	Yet	the	attraction	of	the	Web	is	that	you	can	browse	it	without	necessarily	trusting	all	the	pages	you	visit.	This	is	why	browsers	severely	limit	the	things	a	JavaScript	program	may
do:	it	can’t	look	at	the	files	on	your	computer	or	modify	anything	not	related	to	the	web	page	it	was	embedded	in.	Isolating	a	programming	environment	in	this	way	is	called	sandboxing,	the	idea	being	that	the	program	is	harmlessly	playing	in	a	sandbox.	But	you	should	imagine	this	particular	kind	of	sandbox	as	having	a	cage	of	thick	steel	bars	over	it
so	that	the	programs	playing	in	it	can’t	actually	get	out.	The	hard	part	of	sandboxing	is	allowing	the	programs	enough	room	to	be	useful	yet	at	the	same	time	restricting	them	from	doing	anything	dangerous.	Lots	of	useful	functionality,	such	as	communicating	with	other	servers	or	reading	the	content	of	the	copy-paste	clipboard,	can	also	be	used	to	do
problematic,	privacy-invading	things.	Every	now	and	then,	someone	comes	up	with	a	new	way	to	circumvent	the	limitations	of	a	browser	and	do	something	harmful,	ranging	from	leaking	minor	private	information	to	taking	over	the	whole	machine	that	the	browser	runs	on.	The	browser	developers	respond	by	fixing	the	hole,	and	all	is	well	again—until
the	next	problem	is	discovered,	and	hopefully	publicized,	rather	than	secretly	exploited	by	some	government	agency	or	mafia.	Compatibility	and	the	browser	wars	In	the	early	stages	of	the	Web,	a	browser	called	Mosaic	dominated	the	market.	After	a	few	years,	the	balance	shifted	to	Netscape,	which	was	then,	in	turn,	largely	supplanted	by	Microsoft’s
Internet	Explorer.	At	any	point	where	a	single	browser	was	dominant,	that	browser’s	vendor	would	feel	entitled	to	unilaterally	invent	new	features	for	the	Web.	Since	most	users	used	the	most	popular	browser,	websites	would	simply	start	using	those	features—never	mind	the	other	browsers.	This	was	the	dark	age	of	compatibility,	often	called	the
browser	wars.	Web	developers	were	left	with	not	one	unified	Web	but	two	or	three	incompatible	platforms.	To	make	things	worse,	the	browsers	in	use	around	2003	were	all	full	of	bugs,	and	of	course	the	bugs	were	different	for	each	browser.	Life	was	hard	for	people	writing	web	pages.	Mozilla	Firefox,	a	not-for-profit	offshoot	of	Netscape,	challenged
Internet	Explorer’s	position	in	the	late	2000s.	Because	Microsoft	was	not	particularly	interested	in	staying	competitive	at	the	time,	Firefox	took	a	lot	of	market	share	away	from	it.	Around	the	same	time,	Google	introduced	its	Chrome	browser,	and	Apple’s	Safari	browser	gained	popularity,	leading	to	a	situation	where	there	were	four	major	players,
rather	than	one.	The	new	players	had	a	more	serious	attitude	toward	standards	and	better	engineering	practices,	giving	us	less	incompatibility	and	fewer	bugs.	Microsoft,	seeing	its	market	share	crumble,	came	around	and	adopted	these	attitudes	in	its	Edge	browser,	which	replaces	Internet	Explorer.	If	you	are	starting	to	learn	web	development	today,
consider	yourself	lucky.	The	latest	versions	of	the	major	browsers	behave	quite	uniformly	and	have	relatively	few	bugs.◀	◆	▶	Page	4	◀	◆	▶	Write	code	that	is	easy	to	delete,	not	easy	to	extend.	Tef,	Programming	is	Terrible	The	ideal	program	has	a	crystal-clear	structure.	The	way	it	works	is	easy	to	explain,	and	each	part	plays	a	well-defined	role.	A
typical	real	program	grows	organically.	New	pieces	of	functionality	are	added	as	new	needs	come	up.	Structuring—and	preserving	structure—is	additional	work.	It’s	work	that	will	pay	off	only	in	the	future,	the	next	time	someone	works	on	the	program.	So	it	is	tempting	to	neglect	it	and	allow	the	parts	of	the	program	to	become	deeply	entangled.	This
causes	two	practical	issues.	First,	understanding	such	a	system	is	hard.	If	everything	can	touch	everything	else,	it	is	difficult	to	look	at	any	given	piece	in	isolation.	You	are	forced	to	build	up	a	holistic	understanding	of	the	entire	thing.	Second,	if	you	want	to	use	any	of	the	functionality	from	such	a	program	in	another	situation,	rewriting	it	may	be	easier
than	trying	to	disentangle	it	from	its	context.	The	phrase	“big	ball	of	mud”	is	often	used	for	such	large,	structureless	programs.	Everything	sticks	together,	and	when	you	try	to	pick	out	a	piece,	the	whole	thing	comes	apart,	and	your	hands	get	dirty.	Modules	Modules	are	an	attempt	to	avoid	these	problems.	A	module	is	a	piece	of	program	that	specifies
which	other	pieces	it	relies	on	and	which	functionality	it	provides	for	other	modules	to	use	(its	interface).	Module	interfaces	have	a	lot	in	common	with	object	interfaces,	as	we	saw	them	in	Chapter	6.	They	make	part	of	the	module	available	to	the	outside	world	and	keep	the	rest	private.	By	restricting	the	ways	in	which	modules	interact	with	each	other,
the	system	becomes	more	like	LEGO,	where	pieces	interact	through	well-defined	connectors,	and	less	like	mud,	where	everything	mixes	with	everything.	The	relations	between	modules	are	called	dependencies.	When	a	module	needs	a	piece	from	another	module,	it	is	said	to	depend	on	that	module.	When	this	fact	is	clearly	specified	in	the	module	itself,
it	can	be	used	to	figure	out	which	other	modules	need	to	be	present	to	be	able	to	use	a	given	module	and	to	automatically	load	dependencies.	To	separate	modules	in	that	way,	each	needs	its	own	private	scope.	Just	putting	your	JavaScript	code	into	different	files	does	not	satisfy	these	requirements.	The	files	still	share	the	same	global	namespace.	They
can,	intentionally	or	accidentally,	interfere	with	each	other’s	bindings.	And	the	dependency	structure	remains	unclear.	We	can	do	better,	as	we’ll	see	later	in	the	chapter.	Designing	a	fitting	module	structure	for	a	program	can	be	difficult.	In	the	phase	where	you	are	still	exploring	the	problem,	trying	different	things	to	see	what	works,	you	might	want
to	not	worry	about	it	too	much	since	it	can	be	a	big	distraction.	Once	you	have	something	that	feels	solid,	that’s	a	good	time	to	take	a	step	back	and	organize	it.	Packages	One	of	the	advantages	of	building	a	program	out	of	separate	pieces,	and	being	actually	able	to	run	those	pieces	on	their	own,	is	that	you	might	be	able	to	apply	the	same	piece	in
different	programs.	But	how	do	you	set	this	up?	Say	I	want	to	use	the	parseINI	function	from	Chapter	9	in	another	program.	If	it	is	clear	what	the	function	depends	on	(in	this	case,	nothing),	I	can	just	copy	all	the	necessary	code	into	my	new	project	and	use	it.	But	then,	if	I	find	a	mistake	in	that	code,	I’ll	probably	fix	it	in	whichever	program	I’m	working
with	at	the	time	and	forget	to	also	fix	it	in	the	other	program.	Once	you	start	duplicating	code,	you’ll	quickly	find	yourself	wasting	time	and	energy	moving	copies	around	and	keeping	them	up-to-date.	That’s	where	packages	come	in.	A	package	is	a	chunk	of	code	that	can	be	distributed	(copied	and	installed).	It	may	contain	one	or	more	modules	and	has
information	about	which	other	packages	it	depends	on.	A	package	also	usually	comes	with	documentation	explaining	what	it	does	so	that	people	who	didn’t	write	it	might	still	be	able	to	use	it.	When	a	problem	is	found	in	a	package	or	a	new	feature	is	added,	the	package	is	updated.	Now	the	programs	that	depend	on	it	(which	may	also	be	packages)	can
upgrade	to	the	new	version.	Working	in	this	way	requires	infrastructure.	We	need	a	place	to	store	and	find	packages	and	a	convenient	way	to	install	and	upgrade	them.	In	the	JavaScript	world,	this	infrastructure	is	provided	by	NPM	(	).	NPM	is	two	things:	an	online	service	where	one	can	download	(and	upload)	packages	and	a	program	(bundled	with
Node.js)	that	helps	you	install	and	manage	them.	At	the	time	of	writing,	there	are	more	than	half	a	million	different	packages	available	on	NPM.	A	large	portion	of	those	are	rubbish,	I	should	mention,	but	almost	every	useful,	publicly	available	package	can	be	found	on	there.	For	example,	an	INI	file	parser,	similar	to	the	one	we	built	in	Chapter	9,	is
available	under	the	package	name	ini.	Chapter	20	will	show	how	to	install	such	packages	locally	using	the	npm	command	line	program.	Having	quality	packages	available	for	download	is	extremely	valuable.	It	means	that	we	can	often	avoid	reinventing	a	program	that	100	people	have	written	before	and	get	a	solid,	well-tested	implementation	at	the
press	of	a	few	keys.	Software	is	cheap	to	copy,	so	once	someone	has	written	it,	distributing	it	to	other	people	is	an	efficient	process.	But	writing	it	in	the	first	place	is	work,	and	responding	to	people	who	have	found	problems	in	the	code,	or	who	want	to	propose	new	features,	is	even	more	work.	By	default,	you	own	the	copyright	to	the	code	you	write,
and	other	people	may	use	it	only	with	your	permission.	But	because	some	people	are	just	nice	and	because	publishing	good	software	can	help	make	you	a	little	bit	famous	among	programmers,	many	packages	are	published	under	a	license	that	explicitly	allows	other	people	to	use	it.	Most	code	on	NPM	is	licensed	this	way.	Some	licenses	require	you	to
also	publish	code	that	you	build	on	top	of	the	package	under	the	same	license.	Others	are	less	demanding,	just	requiring	that	you	keep	the	license	with	the	code	as	you	distribute	it.	The	JavaScript	community	mostly	uses	the	latter	type	of	license.	When	using	other	people’s	packages,	make	sure	you	are	aware	of	their	license.	Improvised	modules	Until
2015,	the	JavaScript	language	had	no	built-in	module	system.	Yet	people	had	been	building	large	systems	in	JavaScript	for	more	than	a	decade,	and	they	needed	modules.	So	they	designed	their	own	module	systems	on	top	of	the	language.	You	can	use	JavaScript	functions	to	create	local	scopes	and	objects	to	represent	module	interfaces.	This	is	a
module	for	going	between	day	names	and	numbers	(as	returned	by	Date’s	getDay	method).	Its	interface	consists	of	weekDay.name	and	weekDay.number,	and	it	hides	its	local	binding	names	inside	the	scope	of	a	function	expression	that	is	immediately	invoked.	const	weekDay	=	function()	{	const	names	=	["Sunday",	"Monday",	"Tuesday",	"Wednesday",
"Thursday",	"Friday",	"Saturday"];	return	{	name(number)	{	return	names[number];	},	number(name)	{	return	names.indexOf(name);	}	};	}();	console.log(weekDay.name(weekDay.number("Sunday")));	This	style	of	modules	provides	isolation,	to	a	certain	degree,	but	it	does	not	declare	dependencies.	Instead,	it	just	puts	its	interface	into	the	global
scope	and	expects	its	dependencies,	if	any,	to	do	the	same.	For	a	long	time	this	was	the	main	approach	used	in	web	programming,	but	it	is	mostly	obsolete	now.	If	we	want	to	make	dependency	relations	part	of	the	code,	we’ll	have	to	take	control	of	loading	dependencies.	Doing	that	requires	being	able	to	execute	strings	as	code.	JavaScript	can	do	this.
Evaluating	data	as	code	There	are	several	ways	to	take	data	(a	string	of	code)	and	run	it	as	part	of	the	current	program.	The	most	obvious	way	is	the	special	operator	eval,	which	will	execute	a	string	in	the	current	scope.	This	is	usually	a	bad	idea	because	it	breaks	some	of	the	properties	that	scopes	normally	have,	such	as	it	being	easily	predictable
which	binding	a	given	name	refers	to.	const	x	=	1;	function	evalAndReturnX(code)	{	eval(code);	return	x;	}	console.log(evalAndReturnX("var	x	=	2"));	console.log(x);	A	less	scary	way	of	interpreting	data	as	code	is	to	use	the	Function	constructor.	It	takes	two	arguments:	a	string	containing	a	comma-separated	list	of	argument	names	and	a	string
containing	the	function	body.	It	wraps	the	code	in	a	function	value	so	that	it	gets	its	own	scope	and	won’t	do	odd	things	with	other	scopes.	let	plusOne	=	Function("n",	"return	n	+	1;");	console.log(plusOne(4));	This	is	precisely	what	we	need	for	a	module	system.	We	can	wrap	the	module’s	code	in	a	function	and	use	that	function’s	scope	as	module
scope.	CommonJS	The	most	widely	used	approach	to	bolted-on	JavaScript	modules	is	called	CommonJS	modules.	Node.js	uses	it	and	is	the	system	used	by	most	packages	on	NPM.	The	main	concept	in	CommonJS	modules	is	a	function	called	require.	When	you	call	this	with	the	module	name	of	a	dependency,	it	makes	sure	the	module	is	loaded	and
returns	its	interface.	Because	the	loader	wraps	the	module	code	in	a	function,	modules	automatically	get	their	own	local	scope.	All	they	have	to	do	is	call	require	to	access	their	dependencies	and	put	their	interface	in	the	object	bound	to	exports.	This	example	module	provides	a	date-formatting	function.	It	uses	two	packages	from	NPM—ordinal	to
convert	numbers	to	strings	like	"1st"	and	"2nd",	and	date-names	to	get	the	English	names	for	weekdays	and	months.	It	exports	a	single	function,	formatDate,	which	takes	a	Date	object	and	a	template	string.	The	template	string	may	contain	codes	that	direct	the	format,	such	as	YYYY	for	the	full	year	and	Do	for	the	ordinal	day	of	the	month.	You	could
give	it	a	string	like	"MMMM	Do	YYYY"	to	get	output	like	“November	22nd	2017”.	const	ordinal	=	require("ordinal");	const	{days,	months}	=	require("date-names");	exports.formatDate	=	function(date,	format)	{	return	format.replace(/YYYY|M(MMM)?|Do?|dddd/g,	tag	=>	{	if	(tag	==	"YYYY")	return	date.getFullYear();	if	(tag	==	"M")	return
date.getMonth();	if	(tag	==	"MMMM")	return	months[date.getMonth()];	if	(tag	==	"D")	return	date.getDate();	if	(tag	==	"Do")	return	ordinal(date.getDate());	if	(tag	==	"dddd")	return	days[date.getDay()];	});	};	The	interface	of	ordinal	is	a	single	function,	whereas	date-names	exports	an	object	containing	multiple	things—days	and	months	are	arrays	of
names.	Destructuring	is	very	convenient	when	creating	bindings	for	imported	interfaces.	The	module	adds	its	interface	function	to	exports	so	that	modules	that	depend	on	it	get	access	to	it.	We	could	use	the	module	like	this:	const	{formatDate}	=	require("./format-date");	console.log(formatDate(new	Date(2017,	9,	13),	"dddd	the	Do"));	We	can	define
require,	in	its	most	minimal	form,	like	this:	require.cache	=	Object.create(null);	function	require(name)	{	if	(!(name	in	require.cache))	{	let	code	=	readFile(name);	let	module	=	{exports:	{}};	require.cache[name]	=	module;	let	wrapper	=	Function("require,	exports,	module",	code);	wrapper(require,	module.exports,	module);	}	return
require.cache[name].exports;	}	In	this	code,	readFile	is	a	made-up	function	that	reads	a	file	and	returns	its	contents	as	a	string.	Standard	JavaScript	provides	no	such	functionality—but	different	JavaScript	environments,	such	as	the	browser	and	Node.js,	provide	their	own	ways	of	accessing	files.	The	example	just	pretends	that	readFile	exists.	To	avoid
loading	the	same	module	multiple	times,	require	keeps	a	store	(cache)	of	already	loaded	modules.	When	called,	it	first	checks	if	the	requested	module	has	been	loaded	and,	if	not,	loads	it.	This	involves	reading	the	module’s	code,	wrapping	it	in	a	function,	and	calling	it.	The	interface	of	the	ordinal	package	we	saw	before	is	not	an	object	but	a	function.	A
quirk	of	the	CommonJS	modules	is	that,	though	the	module	system	will	create	an	empty	interface	object	for	you	(bound	to	exports),	you	can	replace	that	with	any	value	by	overwriting	module.exports.	This	is	done	by	many	modules	to	export	a	single	value	instead	of	an	interface	object.	By	defining	require,	exports,	and	module	as	parameters	for	the
generated	wrapper	function	(and	passing	the	appropriate	values	when	calling	it),	the	loader	makes	sure	that	these	bindings	are	available	in	the	module’s	scope.	The	way	the	string	given	to	require	is	translated	to	an	actual	filename	or	web	address	differs	in	different	systems.	When	it	starts	with	"./"	or	"../",	it	is	generally	interpreted	as	relative	to	the
current	module’s	filename.	So	"./format-date"	would	be	the	file	named	format-date.js	in	the	same	directory.	When	the	name	isn’t	relative,	Node.js	will	look	for	an	installed	package	by	that	name.	In	the	example	code	in	this	chapter,	we’ll	interpret	such	names	as	referring	to	NPM	packages.	We’ll	go	into	more	detail	on	how	to	install	and	use	NPM
modules	in	Chapter	20.	Now,	instead	of	writing	our	own	INI	file	parser,	we	can	use	one	from	NPM.	const	{parse}	=	require("ini");	console.log(parse("x	=	10y	=	20"));	ECMAScript	modules	CommonJS	modules	work	quite	well	and,	in	combination	with	NPM,	have	allowed	the	JavaScript	community	to	start	sharing	code	on	a	large	scale.	But	they	remain	a
bit	of	a	duct-tape	hack.	The	notation	is	slightly	awkward—the	things	you	add	to	exports	are	not	available	in	the	local	scope,	for	example.	And	because	require	is	a	normal	function	call	taking	any	kind	of	argument,	not	just	a	string	literal,	it	can	be	hard	to	determine	the	dependencies	of	a	module	without	running	its	code.	This	is	why	the	JavaScript
standard	from	2015	introduces	its	own,	different	module	system.	It	is	usually	called	ES	modules,	where	ES	stands	for	ECMAScript.	The	main	concepts	of	dependencies	and	interfaces	remain	the	same,	but	the	details	differ.	For	one	thing,	the	notation	is	now	integrated	into	the	language.	Instead	of	calling	a	function	to	access	a	dependency,	you	use	a
special	import	keyword.	import	ordinal	from	"ordinal";	import	{days,	months}	from	"date-names";	export	function	formatDate(date,	format)	{	}	Similarly,	the	export	keyword	is	used	to	export	things.	It	may	appear	in	front	of	a	function,	class,	or	binding	definition	(let,	const,	or	var).	An	ES	module’s	interface	is	not	a	single	value	but	a	set	of	named
bindings.	The	preceding	module	binds	formatDate	to	a	function.	When	you	import	from	another	module,	you	import	the	binding,	not	the	value,	which	means	an	exporting	module	may	change	the	value	of	the	binding	at	any	time,	and	the	modules	that	import	it	will	see	its	new	value.	When	there	is	a	binding	named	default,	it	is	treated	as	the	module’s
main	exported	value.	If	you	import	a	module	like	ordinal	in	the	example,	without	braces	around	the	binding	name,	you	get	its	default	binding.	Such	modules	can	still	export	other	bindings	under	different	names	alongside	their	default	export.	To	create	a	default	export,	you	write	export	default	before	an	expression,	a	function	declaration,	or	a	class
declaration.	export	default	["Winter",	"Spring",	"Summer",	"Autumn"];	It	is	possible	to	rename	imported	bindings	using	the	word	as.	import	{days	as	dayNames}	from	"date-names";	console.log(dayNames.length);	Another	important	difference	is	that	ES	module	imports	happen	before	a	module’s	script	starts	running.	That	means	import	declarations
may	not	appear	inside	functions	or	blocks,	and	the	names	of	dependencies	must	be	quoted	strings,	not	arbitrary	expressions.	At	the	time	of	writing,	the	JavaScript	community	is	in	the	process	of	adopting	this	module	style.	But	it	has	been	a	slow	process.	It	took	a	few	years,	after	the	format	was	specified,	for	browsers	and	Node.js	to	start	supporting	it.
And	though	they	mostly	support	it	now,	this	support	still	has	issues,	and	the	discussion	on	how	such	modules	should	be	distributed	through	NPM	is	still	ongoing.	Many	projects	are	written	using	ES	modules	and	then	automatically	converted	to	some	other	format	when	published.	We	are	in	a	transitional	period	in	which	two	different	module	systems	are
used	side	by	side,	and	it	is	useful	to	be	able	to	read	and	write	code	in	either	of	them.	Building	and	bundling	In	fact,	many	JavaScript	projects	aren’t	even,	technically,	written	in	JavaScript.	There	are	extensions,	such	as	the	type	checking	dialect	mentioned	in	Chapter	8,	that	are	widely	used.	People	also	often	start	using	planned	extensions	to	the
language	long	before	they	have	been	added	to	the	platforms	that	actually	run	JavaScript.	To	make	this	possible,	they	compile	their	code,	translating	it	from	their	chosen	JavaScript	dialect	to	plain	old	JavaScript—or	even	to	a	past	version	of	JavaScript—so	that	old	browsers	can	run	it.	Including	a	modular	program	that	consists	of	200	different	files	in	a
web	page	produces	its	own	problems.	If	fetching	a	single	file	over	the	network	takes	50	milliseconds,	loading	the	whole	program	takes	10	seconds,	or	maybe	half	that	if	you	can	load	several	files	simultaneously.	That’s	a	lot	of	wasted	time.	Because	fetching	a	single	big	file	tends	to	be	faster	than	fetching	a	lot	of	tiny	ones,	web	programmers	have	started
using	tools	that	roll	their	programs	(which	they	painstakingly	split	into	modules)	back	into	a	single	big	file	before	they	publish	it	to	the	Web.	Such	tools	are	called	bundlers.	And	we	can	go	further.	Apart	from	the	number	of	files,	the	size	of	the	files	also	determines	how	fast	they	can	be	transferred	over	the	network.	Thus,	the	JavaScript	community	has
invented	minifiers.	These	are	tools	that	take	a	JavaScript	program	and	make	it	smaller	by	automatically	removing	comments	and	whitespace,	renaming	bindings,	and	replacing	pieces	of	code	with	equivalent	code	that	take	up	less	space.	So	it	is	not	uncommon	for	the	code	that	you	find	in	an	NPM	package	or	that	runs	on	a	web	page	to	have	gone
through	multiple	stages	of	transformation—converted	from	modern	JavaScript	to	historic	JavaScript,	from	ES	module	format	to	CommonJS,	bundled,	and	minified.	We	won’t	go	into	the	details	of	these	tools	in	this	book	since	they	tend	to	be	boring	and	change	rapidly.	Just	be	aware	that	the	JavaScript	code	you	run	is	often	not	the	code	as	it	was	written.
Module	design	Structuring	programs	is	one	of	the	subtler	aspects	of	programming.	Any	nontrivial	piece	of	functionality	can	be	modeled	in	various	ways.	Good	program	design	is	subjective—there	are	trade-offs	involved	and	matters	of	taste.	The	best	way	to	learn	the	value	of	well-structured	design	is	to	read	or	work	on	a	lot	of	programs	and	notice	what
works	and	what	doesn’t.	Don’t	assume	that	a	painful	mess	is	“just	the	way	it	is”.	You	can	improve	the	structure	of	almost	everything	by	putting	more	thought	into	it.	One	aspect	of	module	design	is	ease	of	use.	If	you	are	designing	something	that	is	intended	to	be	used	by	multiple	people—or	even	by	yourself,	in	three	months	when	you	no	longer
remember	the	specifics	of	what	you	did—it	is	helpful	if	your	interface	is	simple	and	predictable.	That	may	mean	following	existing	conventions.	A	good	example	is	the	ini	package.	This	module	imitates	the	standard	JSON	object	by	providing	parse	and	stringify	(to	write	an	INI	file)	functions,	and,	like	JSON,	converts	between	strings	and	plain	objects.	So
the	interface	is	small	and	familiar,	and	after	you’ve	worked	with	it	once,	you’re	likely	to	remember	how	to	use	it.	Even	if	there’s	no	standard	function	or	widely	used	package	to	imitate,	you	can	keep	your	modules	predictable	by	using	simple	data	structures	and	doing	a	single,	focused	thing.	Many	of	the	INI-file	parsing	modules	on	NPM	provide	a



function	that	directly	reads	such	a	file	from	the	hard	disk	and	parses	it,	for	example.	This	makes	it	impossible	to	use	such	modules	in	the	browser,	where	we	don’t	have	direct	file	system	access,	and	adds	complexity	that	would	have	been	better	addressed	by	composing	the	module	with	some	file-reading	function.	This	points	to	another	helpful	aspect	of
module	design—the	ease	with	which	something	can	be	composed	with	other	code.	Focused	modules	that	compute	values	are	applicable	in	a	wider	range	of	programs	than	bigger	modules	that	perform	complicated	actions	with	side	effects.	An	INI	file	reader	that	insists	on	reading	the	file	from	disk	is	useless	in	a	scenario	where	the	file’s	content	comes
from	some	other	source.	Relatedly,	stateful	objects	are	sometimes	useful	or	even	necessary,	but	if	something	can	be	done	with	a	function,	use	a	function.	Several	of	the	INI	file	readers	on	NPM	provide	an	interface	style	that	requires	you	to	first	create	an	object,	then	load	the	file	into	your	object,	and	finally	use	specialized	methods	to	get	at	the	results.
This	type	of	thing	is	common	in	the	object-oriented	tradition,	and	it’s	terrible.	Instead	of	making	a	single	function	call	and	moving	on,	you	have	to	perform	the	ritual	of	moving	your	object	through	various	states.	And	because	the	data	is	now	wrapped	in	a	specialized	object	type,	all	code	that	interacts	with	it	has	to	know	about	that	type,	creating
unnecessary	interdependencies.	Often	defining	new	data	structures	can’t	be	avoided—only	a	few	basic	ones	are	provided	by	the	language	standard,	and	many	types	of	data	have	to	be	more	complex	than	an	array	or	a	map.	But	when	an	array	suffices,	use	an	array.	An	example	of	a	slightly	more	complex	data	structure	is	the	graph	from	Chapter	7.	There
is	no	single	obvious	way	to	represent	a	graph	in	JavaScript.	In	that	chapter,	we	used	an	object	whose	properties	hold	arrays	of	strings—the	other	nodes	reachable	from	that	node.	There	are	several	different	pathfinding	packages	on	NPM,	but	none	of	them	uses	this	graph	format.	They	usually	allow	the	graph’s	edges	to	have	a	weight,	which	is	the	cost
or	distance	associated	with	it.	That	isn’t	possible	in	our	representation.	For	example,	there’s	the	dijkstrajs	package.	A	well-known	approach	to	pathfinding,	quite	similar	to	our	findRoute	function,	is	called	Dijkstra’s	algorithm,	after	Edsger	Dijkstra,	who	first	wrote	it	down.	The	js	suffix	is	often	added	to	package	names	to	indicate	the	fact	that	they	are
written	in	JavaScript.	This	dijkstrajs	package	uses	a	graph	format	similar	to	ours,	but	instead	of	arrays,	it	uses	objects	whose	property	values	are	numbers—the	weights	of	the	edges.	So	if	we	wanted	to	use	that	package,	we’d	have	to	make	sure	that	our	graph	was	stored	in	the	format	it	expects.	All	edges	get	the	same	weight	since	our	simplified	model
treats	each	road	as	having	the	same	cost	(one	turn).	const	{find_path}	=	require("dijkstrajs");	let	graph	=	{};	for	(let	node	of	Object.keys(roadGraph))	{	let	edges	=	graph[node]	=	{};	for	(let	dest	of	roadGraph[node])	{	edges[dest]	=	1;	}	}	console.log(find_path(graph,	"Post	Office",	"Cabin"));	This	can	be	a	barrier	to	composition—when	various
packages	are	using	different	data	structures	to	describe	similar	things,	combining	them	is	difficult.	Therefore,	if	you	want	to	design	for	composability,	find	out	what	data	structures	other	people	are	using	and,	when	possible,	follow	their	example.	Summary	Modules	provide	structure	to	bigger	programs	by	separating	the	code	into	pieces	with	clear
interfaces	and	dependencies.	The	interface	is	the	part	of	the	module	that’s	visible	from	other	modules,	and	the	dependencies	are	the	other	modules	that	it	makes	use	of.	Because	JavaScript	historically	did	not	provide	a	module	system,	the	CommonJS	system	was	built	on	top	of	it.	Then	at	some	point	it	did	get	a	built-in	system,	which	now	coexists
uneasily	with	the	CommonJS	system.	A	package	is	a	chunk	of	code	that	can	be	distributed	on	its	own.	NPM	is	a	repository	of	JavaScript	packages.	You	can	download	all	kinds	of	useful	(and	useless)	packages	from	it.	Exercises	A	modular	robot	These	are	the	bindings	that	the	project	from	Chapter	7	creates:	roads	buildGraph	roadGraph	VillageState
runRobot	randomPick	randomRobot	mailRoute	routeRobot	findRoute	goalOrientedRobot	If	you	were	to	write	that	project	as	a	modular	program,	what	modules	would	you	create?	Which	module	would	depend	on	which	other	module,	and	what	would	their	interfaces	look	like?	Which	pieces	are	likely	to	be	available	prewritten	on	NPM?	Would	you	prefer
to	use	an	NPM	package	or	write	them	yourself?	Here’s	what	I	would	have	done	(but	again,	there	is	no	single	right	way	to	design	a	given	module):	The	code	used	to	build	the	road	graph	lives	in	the	graph	module.	Because	I’d	rather	use	dijkstrajs	from	NPM	than	our	own	pathfinding	code,	we’ll	make	this	build	the	kind	of	graph	data	that	dijkstrajs
expects.	This	module	exports	a	single	function,	buildGraph.	I’d	have	buildGraph	accept	an	array	of	two-element	arrays,	rather	than	strings	containing	hyphens,	to	make	the	module	less	dependent	on	the	input	format.	The	roads	module	contains	the	raw	road	data	(the	roads	array)	and	the	roadGraph	binding.	This	module	depends	on	./graph	and	exports
the	road	graph.	The	VillageState	class	lives	in	the	state	module.	It	depends	on	the	./roads	module	because	it	needs	to	be	able	to	verify	that	a	given	road	exists.	It	also	needs	randomPick.	Since	that	is	a	three-line	function,	we	could	just	put	it	into	the	state	module	as	an	internal	helper	function.	But	randomRobot	needs	it	too.	So	we’d	have	to	either
duplicate	it	or	put	it	into	its	own	module.	Since	this	function	happens	to	exist	on	NPM	in	the	random-item	package,	a	good	solution	is	to	just	make	both	modules	depend	on	that.	We	can	add	the	runRobot	function	to	this	module	as	well,	since	it’s	small	and	closely	related	to	state	management.	The	module	exports	both	the	VillageState	class	and	the
runRobot	function.	Finally,	the	robots,	along	with	the	values	they	depend	on	such	as	mailRoute,	could	go	into	an	example-robots	module,	which	depends	on	./roads	and	exports	the	robot	functions.	To	make	it	possible	for	goalOrientedRobot	to	do	route-finding,	this	module	also	depends	on	dijkstrajs.	By	offloading	some	work	to	NPM	modules,	the	code
became	a	little	smaller.	Each	individual	module	does	something	rather	simple	and	can	be	read	on	its	own.	Dividing	code	into	modules	also	often	suggests	further	improvements	to	the	program’s	design.	In	this	case,	it	seems	a	little	odd	that	the	VillageState	and	the	robots	depend	on	a	specific	road	graph.	It	might	be	a	better	idea	to	make	the	graph	an
argument	to	the	state’s	constructor	and	make	the	robots	read	it	from	the	state	object—this	reduces	dependencies	(which	is	always	good)	and	makes	it	possible	to	run	simulations	on	different	maps	(which	is	even	better).	Is	it	a	good	idea	to	use	NPM	modules	for	things	that	we	could	have	written	ourselves?	In	principle,	yes—for	nontrivial	things	like	the
pathfinding	function	you	are	likely	to	make	mistakes	and	waste	time	writing	them	yourself.	For	tiny	functions	like	random-item,	writing	them	yourself	is	easy	enough.	But	adding	them	wherever	you	need	them	does	tend	to	clutter	your	modules.	However,	you	should	also	not	underestimate	the	work	involved	in	finding	an	appropriate	NPM	package.	And
even	if	you	find	one,	it	might	not	work	well	or	may	be	missing	some	feature	you	need.	On	top	of	that,	depending	on	NPM	packages	means	you	have	to	make	sure	they	are	installed,	you	have	to	distribute	them	with	your	program,	and	you	might	have	to	periodically	upgrade	them.	So	again,	this	is	a	trade-off,	and	you	can	decide	either	way	depending	on
how	much	the	packages	help	you.	Roads	module	Write	a	CommonJS	module,	based	on	the	example	from	Chapter	7,	that	contains	the	array	of	roads	and	exports	the	graph	data	structure	representing	them	as	roadGraph.	It	should	depend	on	a	module	./graph,	which	exports	a	function	buildGraph	that	is	used	to	build	the	graph.	This	function	expects	an
array	of	two-element	arrays	(the	start	and	end	points	of	the	roads).	const	roads	=	[	"Alice's	House-Bob's	House",	"Alice's	House-Cabin",	"Alice's	House-Post	Office",	"Bob's	House-Town	Hall",	"Daria's	House-Ernie's	House",	"Daria's	House-Town	Hall",	"Ernie's	House-Grete's	House",	"Grete's	House-Farm",	"Grete's	House-Shop",	"Marketplace-Farm",
"Marketplace-Post	Office",	"Marketplace-Shop",	"Marketplace-Town	Hall",	"Shop-Town	Hall"	];	Since	this	is	a	CommonJS	module,	you	have	to	use	require	to	import	the	graph	module.	That	was	described	as	exporting	a	buildGraph	function,	which	you	can	pick	out	of	its	interface	object	with	a	destructuring	const	declaration.	To	export	roadGraph,	you
add	a	property	to	the	exports	object.	Because	buildGraph	takes	a	data	structure	that	doesn’t	precisely	match	roads,	the	splitting	of	the	road	strings	must	happen	in	your	module.	Circular	dependencies	A	circular	dependency	is	a	situation	where	module	A	depends	on	B,	and	B	also,	directly	or	indirectly,	depends	on	A.	Many	module	systems	simply	forbid
this	because	whichever	order	you	choose	for	loading	such	modules,	you	cannot	make	sure	that	each	module’s	dependencies	have	been	loaded	before	it	runs.	CommonJS	modules	allow	a	limited	form	of	cyclic	dependencies.	As	long	as	the	modules	do	not	replace	their	default	exports	object	and	don’t	access	each	other’s	interface	until	after	they	finish
loading,	cyclic	dependencies	are	okay.	The	require	function	given	earlier	in	this	chapter	supports	this	type	of	dependency	cycle.	Can	you	see	how	it	handles	cycles?	What	would	go	wrong	when	a	module	in	a	cycle	does	replace	its	default	exports	object?	The	trick	is	that	require	adds	modules	to	its	cache	before	it	starts	loading	the	module.	That	way,	if
any	require	call	made	while	it	is	running	tries	to	load	it,	it	is	already	known,	and	the	current	interface	will	be	returned,	rather	than	starting	to	load	the	module	once	more	(which	would	eventually	overflow	the	stack).	If	a	module	overwrites	its	module.exports	value,	any	other	module	that	has	received	its	interface	value	before	it	finished	loading	will	have
gotten	hold	of	the	default	interface	object	(which	is	likely	empty),	rather	than	the	intended	interface	value.	◀	◆	▶	Page	5	◀	◆	▶	A	student	asked,	‘The	programmers	of	old	used	only	simple	machines	and	no	programming	languages,	yet	they	made	beautiful	programs.	Why	do	we	use	complicated	machines	and	programming	languages?’.	Fu-Tzu	replied,
‘The	builders	of	old	used	only	sticks	and	clay,	yet	they	made	beautiful	huts.’	Master	Yuan-Ma,	The	Book	of	Programming	So	far,	we	have	used	the	JavaScript	language	in	a	single	environment:	the	browser.	This	chapter	and	the	next	one	will	briefly	introduce	Node.js,	a	program	that	allows	you	to	apply	your	JavaScript	skills	outside	of	the	browser.	With
it,	you	can	build	anything	from	small	command	line	tools	to	HTTP	servers	that	power	dynamic	websites.	These	chapters	aim	to	teach	you	the	main	concepts	that	Node.js	uses	and	to	give	you	enough	information	to	write	useful	programs	for	it.	They	do	not	try	to	be	a	complete,	or	even	a	thorough,	treatment	of	the	platform.	Whereas	you	could	run	the
code	in	previous	chapters	directly	on	these	pages,	because	it	was	either	raw	JavaScript	or	written	for	the	browser,	the	code	samples	in	this	chapter	are	written	for	Node	and	often	won’t	run	in	the	browser.	If	you	want	to	follow	along	and	run	the	code	in	this	chapter,	you’ll	need	to	install	Node.js	version	10.1	or	higher.	To	do	so,	go	to	and	follow	the
installation	instructions	for	your	operating	system.	You	can	also	find	further	documentation	for	Node.js	there.	Background	One	of	the	more	difficult	problems	with	writing	systems	that	communicate	over	the	network	is	managing	input	and	output—that	is,	the	reading	and	writing	of	data	to	and	from	the	network	and	hard	drive.	Moving	data	around	takes
time,	and	scheduling	it	cleverly	can	make	a	big	difference	in	how	quickly	a	system	responds	to	the	user	or	to	network	requests.	In	such	programs,	asynchronous	programming	is	often	helpful.	It	allows	the	program	to	send	and	receive	data	from	and	to	multiple	devices	at	the	same	time	without	complicated	thread	management	and	synchronization.
Node	was	initially	conceived	for	the	purpose	of	making	asynchronous	programming	easy	and	convenient.	JavaScript	lends	itself	well	to	a	system	like	Node.	It	is	one	of	the	few	programming	languages	that	does	not	have	a	built-in	way	to	do	in-	and	output.	Thus,	JavaScript	could	be	fit	onto	Node’s	rather	eccentric	approach	to	in-	and	output	without
ending	up	with	two	inconsistent	interfaces.	In	2009,	when	Node	was	being	designed,	people	were	already	doing	callback-based	programming	in	the	browser,	so	the	community	around	the	language	was	used	to	an	asynchronous	programming	style.	The	node	command	When	Node.js	is	installed	on	a	system,	it	provides	a	program	called	node,	which	is
used	to	run	JavaScript	files.	Say	you	have	a	file	hello.js,	containing	this	code:	let	message	=	"Hello	world";	console.log(message);	You	can	then	run	node	from	the	command	line	like	this	to	execute	the	program:	$	node	hello.js	Hello	world	The	console.log	method	in	Node	does	something	similar	to	what	it	does	in	the	browser.	It	prints	out	a	piece	of	text.
But	in	Node,	the	text	will	go	to	the	process’s	standard	output	stream,	rather	than	to	a	browser’s	JavaScript	console.	When	running	node	from	the	command	line,	that	means	you	see	the	logged	values	in	your	terminal.	If	you	run	node	without	giving	it	a	file,	it	provides	you	with	a	prompt	at	which	you	can	type	JavaScript	code	and	immediately	see	the
result.	$	node	>	1	+	1	2	>	[-1,	-2,	-3].map(Math.abs)	[1,	2,	3]	>	process.exit(0)	$	The	process	binding,	just	like	the	console	binding,	is	available	globally	in	Node.	It	provides	various	ways	to	inspect	and	manipulate	the	current	program.	The	exit	method	ends	the	process	and	can	be	given	an	exit	status	code,	which	tells	the	program	that	started	node	(in
this	case,	the	command	line	shell)	whether	the	program	completed	successfully	(code	zero)	or	encountered	an	error	(any	other	code).	To	find	the	command	line	arguments	given	to	your	script,	you	can	read	process.argv,	which	is	an	array	of	strings.	Note	that	it	also	includes	the	name	of	the	node	command	and	your	script	name,	so	the	actual	arguments
start	at	index	2.	If	showargv.js	contains	the	statement	console.log(process.argv),	you	could	run	it	like	this:	$	node	showargv.js	one	--and	two	["node",	"/tmp/showargv.js",	"one",	"--and",	"two"]	All	the	standard	JavaScript	global	bindings,	such	as	Array,	Math,	and	JSON,	are	also	present	in	Node’s	environment.	Browser-related	functionality,	such	as
document	or	prompt,	is	not.	Modules	Beyond	the	bindings	I	mentioned,	such	as	console	and	process,	Node	puts	few	additional	bindings	in	the	global	scope.	If	you	want	to	access	built-in	functionality,	you	have	to	ask	the	module	system	for	it.	The	CommonJS	module	system,	based	on	the	require	function,	was	described	in	Chapter	10.	This	system	is	built
into	Node	and	is	used	to	load	anything	from	built-in	modules	to	downloaded	packages	to	files	that	are	part	of	your	own	program.	When	require	is	called,	Node	has	to	resolve	the	given	string	to	an	actual	file	that	it	can	load.	Pathnames	that	start	with	/,	./,	or	../	are	resolved	relative	to	the	current	module’s	path,	where	.	stands	for	the	current	directory,	../
for	one	directory	up,	and	/	for	the	root	of	the	file	system.	So	if	you	ask	for	"./graph"	from	the	file	/tmp/robot/robot.js,	Node	will	try	to	load	the	file	/tmp/robot/graph.js.	The	.js	extension	may	be	omitted,	and	Node	will	add	it	if	such	a	file	exists.	If	the	required	path	refers	to	a	directory,	Node	will	try	to	load	the	file	named	index.js	in	that	directory.	When	a
string	that	does	not	look	like	a	relative	or	absolute	path	is	given	to	require,	it	is	assumed	to	refer	to	either	a	built-in	module	or	a	module	installed	in	a	node_modules	directory.	For	example,	require("fs")	will	give	you	Node’s	built-in	file	system	module.	And	require("robot")	might	try	to	load	the	library	found	in	node_modules/robot/.	A	common	way	to
install	such	libraries	is	by	using	NPM,	which	we’ll	come	back	to	in	a	moment.	Let’s	set	up	a	small	project	consisting	of	two	files.	The	first	one,	called	main.js,	defines	a	script	that	can	be	called	from	the	command	line	to	reverse	a	string.	const	{reverse}	=	require("./reverse");	let	argument	=	process.argv[2];	console.log(reverse(argument));	The	file
reverse.js	defines	a	library	for	reversing	strings,	which	can	be	used	both	by	this	command	line	tool	and	by	other	scripts	that	need	direct	access	to	a	string-reversing	function.	exports.reverse	=	function(string)	{	return	Array.from(string).reverse().join("");	};	Remember	that	adding	properties	to	exports	adds	them	to	the	interface	of	the	module.	Since
Node.js	treats	files	as	CommonJS	modules,	main.js	can	take	the	exported	reverse	function	from	reverse.js.	We	can	now	call	our	tool	like	this:	$	node	main.js	JavaScript	tpircSavaJ	Installing	with	NPM	NPM,	which	was	introduced	in	Chapter	10,	is	an	online	repository	of	JavaScript	modules,	many	of	which	are	specifically	written	for	Node.	When	you
install	Node	on	your	computer,	you	also	get	the	npm	command,	which	you	can	use	to	interact	with	this	repository.	NPM’s	main	use	is	downloading	packages.	We	saw	the	ini	package	in	Chapter	10.	We	can	use	NPM	to	fetch	and	install	that	package	on	our	computer.	$	npm	install	ini	npm	WARN	enoent	ENOENT:	no	such	file	or	directory,	open
'/tmp/package.json'	+	ini@1.3.5	added	1	package	in	0.552s	$	node	>	const	{parse}	=	require("ini");	>	parse("x	=	1y	=	2");	{	x:	'1',	y:	'2'	}	After	running	npm	install,	NPM	will	have	created	a	directory	called	node_modules.	Inside	that	directory	will	be	an	ini	directory	that	contains	the	library.	You	can	open	it	and	look	at	the	code.	When	we	call
require("ini"),	this	library	is	loaded,	and	we	can	call	its	parse	property	to	parse	a	configuration	file.	By	default	NPM	installs	packages	under	the	current	directory,	rather	than	in	a	central	place.	If	you	are	used	to	other	package	managers,	this	may	seem	unusual,	but	it	has	advantages—it	puts	each	application	in	full	control	of	the	packages	it	installs	and
makes	it	easier	to	manage	versions	and	clean	up	when	removing	an	application.	Package	files	In	the	npm	install	example,	you	could	see	a	warning	about	the	fact	that	the	package.json	file	did	not	exist.	It	is	recommended	to	create	such	a	file	for	each	project,	either	manually	or	by	running	npm	init.	It	contains	some	information	about	the	project,	such	as
its	name	and	version,	and	lists	its	dependencies.	The	robot	simulation	from	Chapter	7,	as	modularized	in	the	exercise	in	Chapter	10,	might	have	a	package.json	file	like	this:	{	"author":	"Marijn	Haverbeke",	"name":	"eloquent-javascript-robot",	"description":	"Simulation	of	a	package-delivery	robot",	"version":	"1.0.0",	"main":	"run.js",	"dependencies":	{
"dijkstrajs":	"^1.0.1",	"random-item":	"^1.0.0"	},	"license":	"ISC"	}	When	you	run	npm	install	without	naming	a	package	to	install,	NPM	will	install	the	dependencies	listed	in	package.json.	When	you	install	a	specific	package	that	is	not	already	listed	as	a	dependency,	NPM	will	add	it	to	package.json.	Versions	A	package.json	file	lists	both	the	program’s
own	version	and	versions	for	its	dependencies.	Versions	are	a	way	to	deal	with	the	fact	that	packages	evolve	separately,	and	code	written	to	work	with	a	package	as	it	existed	at	one	point	may	not	work	with	a	later,	modified	version	of	the	package.	NPM	demands	that	its	packages	follow	a	schema	called	semantic	versioning,	which	encodes	some
information	about	which	versions	are	compatible	(don’t	break	the	old	interface)	in	the	version	number.	A	semantic	version	consists	of	three	numbers,	separated	by	periods,	such	as	2.3.0.	Every	time	new	functionality	is	added,	the	middle	number	has	to	be	incremented.	Every	time	compatibility	is	broken,	so	that	existing	code	that	uses	the	package
might	not	work	with	the	new	version,	the	first	number	has	to	be	incremented.	A	caret	character	(^)	in	front	of	the	version	number	for	a	dependency	in	package.json	indicates	that	any	version	compatible	with	the	given	number	may	be	installed.	So,	for	example,	"^2.3.0"	would	mean	that	any	version	greater	than	or	equal	to	2.3.0	and	less	than	3.0.0	is
allowed.	The	npm	command	is	also	used	to	publish	new	packages	or	new	versions	of	packages.	If	you	run	npm	publish	in	a	directory	that	has	a	package.json	file,	it	will	publish	a	package	with	the	name	and	version	listed	in	the	JSON	file	to	the	registry.	Anyone	can	publish	packages	to	NPM—though	only	under	a	package	name	that	isn’t	in	use	yet	since	it
would	be	somewhat	scary	if	random	people	could	update	existing	packages.	Since	the	npm	program	is	a	piece	of	software	that	talks	to	an	open	system—the	package	registry—there	is	nothing	unique	about	what	it	does.	Another	program,	yarn,	which	can	be	installed	from	the	NPM	registry,	fills	the	same	role	as	npm	using	a	somewhat	different	interface
and	installation	strategy.	This	book	won’t	delve	further	into	the	details	of	NPM	usage.	Refer	to	for	further	documentation	and	a	way	to	search	for	packages.	The	file	system	module	One	of	the	most	commonly	used	built-in	modules	in	Node	is	the	fs	module,	which	stands	for	file	system.	It	exports	functions	for	working	with	files	and	directories.	For
example,	the	function	called	readFile	reads	a	file	and	then	calls	a	callback	with	the	file’s	contents.	let	{readFile}	=	require("fs");	readFile("file.txt",	"utf8",	(error,	text)	=>	{	if	(error)	throw	error;	console.log("The	file	contains:",	text);	});	The	second	argument	to	readFile	indicates	the	character	encoding	used	to	decode	the	file	into	a	string.	There	are
several	ways	in	which	text	can	be	encoded	to	binary	data,	but	most	modern	systems	use	UTF-8.	So	unless	you	have	reasons	to	believe	another	encoding	is	used,	pass	"utf8"	when	reading	a	text	file.	If	you	do	not	pass	an	encoding,	Node	will	assume	you	are	interested	in	the	binary	data	and	will	give	you	a	Buffer	object	instead	of	a	string.	This	is	an	array-
like	object	that	contains	numbers	representing	the	bytes	(8-bit	chunks	of	data)	in	the	files.	const	{readFile}	=	require("fs");	readFile("file.txt",	(error,	buffer)	=>	{	if	(error)	throw	error;	console.log("The	file	contained",	buffer.length,	"bytes.",	"The	first	byte	is:",	buffer[0]);	});	A	similar	function,	writeFile,	is	used	to	write	a	file	to	disk.	const	{writeFile}
=	require("fs");	writeFile("graffiti.txt",	"Node	was	here",	err	=>	{	if	(err)	console.log(`Failed	to	write	file:	${err}`);	else	console.log("File	written.");	});	Here	it	was	not	necessary	to	specify	the	encoding—writeFile	will	assume	that	when	it	is	given	a	string	to	write,	rather	than	a	Buffer	object,	it	should	write	it	out	as	text	using	its	default	character
encoding,	which	is	UTF-8.	The	fs	module	contains	many	other	useful	functions:	readdir	will	return	the	files	in	a	directory	as	an	array	of	strings,	stat	will	retrieve	information	about	a	file,	rename	will	rename	a	file,	unlink	will	remove	one,	and	so	on.	See	the	documentation	at	for	specifics.	Most	of	these	take	a	callback	function	as	the	last	parameter,
which	they	call	either	with	an	error	(the	first	argument)	or	with	a	successful	result	(the	second).	As	we	saw	in	Chapter	11,	there	are	downsides	to	this	style	of	programming—the	biggest	one	being	that	error	handling	becomes	verbose	and	error-prone.	Though	promises	have	been	part	of	JavaScript	for	a	while,	at	the	time	of	writing	their	integration	into
Node.js	is	still	a	work	in	progress.	There	is	an	object	promises	exported	from	the	fs	package	since	version	10.1	that	contains	most	of	the	same	functions	as	fs	but	uses	promises	rather	than	callback	functions.	const	{readFile}	=	require("fs").promises;	readFile("file.txt",	"utf8")	.then(text	=>	console.log("The	file	contains:",	text));	Sometimes	you	don’t
need	asynchronicity,	and	it	just	gets	in	the	way.	Many	of	the	functions	in	fs	also	have	a	synchronous	variant,	which	has	the	same	name	with	Sync	added	to	the	end.	For	example,	the	synchronous	version	of	readFile	is	called	readFileSync.	const	{readFileSync}	=	require("fs");	console.log("The	file	contains:",	readFileSync("file.txt",	"utf8"));	Do	note	that
while	such	a	synchronous	operation	is	being	performed,	your	program	is	stopped	entirely.	If	it	should	be	responding	to	the	user	or	to	other	machines	on	the	network,	being	stuck	on	a	synchronous	action	might	produce	annoying	delays.	The	HTTP	module	Another	central	module	is	called	http.	It	provides	functionality	for	running	HTTP	servers	and
making	HTTP	requests.	This	is	all	it	takes	to	start	an	HTTP	server:	const	{createServer}	=	require("http");	let	server	=	createServer((request,	response)	=>	{	response.writeHead(200,	{"Content-Type":	"text/html"});	response.write(`	Hello!	You	asked	for	${request.url}`);	response.end();	});	server.listen(8000);	console.log("Listening!	(port	8000)");	If
you	run	this	script	on	your	own	machine,	you	can	point	your	web	browser	at	to	make	a	request	to	your	server.	It	will	respond	with	a	small	HTML	page.	The	function	passed	as	argument	to	createServer	is	called	every	time	a	client	connects	to	the	server.	The	request	and	response	bindings	are	objects	representing	the	incoming	and	outgoing	data.	The
first	contains	information	about	the	request,	such	as	its	url	property,	which	tells	us	to	what	URL	the	request	was	made.	So,	when	you	open	that	page	in	your	browser,	it	sends	a	request	to	your	own	computer.	This	causes	the	server	function	to	run	and	send	back	a	response,	which	you	can	then	see	in	the	browser.	To	send	something	back,	you	call
methods	on	the	response	object.	The	first,	writeHead,	will	write	out	the	response	headers	(see	Chapter	18).	You	give	it	the	status	code	(200	for	“OK”	in	this	case)	and	an	object	that	contains	header	values.	The	example	sets	the	Content-Type	header	to	inform	the	client	that	we’ll	be	sending	back	an	HTML	document.	Next,	the	actual	response	body	(the
document	itself)	is	sent	with	response.write.	You	are	allowed	to	call	this	method	multiple	times	if	you	want	to	send	the	response	piece	by	piece,	for	example	to	stream	data	to	the	client	as	it	becomes	available.	Finally,	response.end	signals	the	end	of	the	response.	The	call	to	server.listen	causes	the	server	to	start	waiting	for	connections	on	port	8000.
This	is	why	you	have	to	connect	to	localhost:8000	to	speak	to	this	server,	rather	than	just	localhost,	which	would	use	the	default	port	80.	When	you	run	this	script,	the	process	just	sits	there	and	waits.	When	a	script	is	listening	for	events—in	this	case,	network	connections—node	will	not	automatically	exit	when	it	reaches	the	end	of	the	script.	To	close
it,	press	control-C.	A	real	web	server	usually	does	more	than	the	one	in	the	example—it	looks	at	the	request’s	method	(the	method	property)	to	see	what	action	the	client	is	trying	to	perform	and	looks	at	the	request’s	URL	to	find	out	which	resource	this	action	is	being	performed	on.	We’ll	see	a	more	advanced	server	later	in	this	chapter.	To	act	as	an
HTTP	client,	we	can	use	the	request	function	in	the	http	module.	const	{request}	=	require("http");	let	requestStream	=	request({	hostname:	"eloquentjavascript.net",	path:	"/20_node.html",	method:	"GET",	headers:	{Accept:	"text/html"}	},	response	=>	{	console.log("Server	responded	with	status	code",	response.statusCode);	});	requestStream.end();
The	first	argument	to	request	configures	the	request,	telling	Node	what	server	to	talk	to,	what	path	to	request	from	that	server,	which	method	to	use,	and	so	on.	The	second	argument	is	the	function	that	should	be	called	when	a	response	comes	in.	It	is	given	an	object	that	allows	us	to	inspect	the	response,	for	example	to	find	out	its	status	code.	Just
like	the	response	object	we	saw	in	the	server,	the	object	returned	by	request	allows	us	to	stream	data	into	the	request	with	the	write	method	and	finish	the	request	with	the	end	method.	The	example	does	not	use	write	because	GET	requests	should	not	contain	data	in	their	request	body.	There’s	a	similar	request	function	in	the	https	module	that	can	be
used	to	make	requests	to	https:	URLs.	Making	requests	with	Node’s	raw	functionality	is	rather	verbose.	There	are	much	more	convenient	wrapper	packages	available	on	NPM.	For	example,	node-fetch	provides	the	promise-based	fetch	interface	that	we	know	from	the	browser.	Streams	We	have	seen	two	instances	of	writable	streams	in	the	HTTP
examples—namely,	the	response	object	that	the	server	could	write	to	and	the	request	object	that	was	returned	from	request.	Writable	streams	are	a	widely	used	concept	in	Node.	Such	objects	have	a	write	method	that	can	be	passed	a	string	or	a	Buffer	object	to	write	something	to	the	stream.	Their	end	method	closes	the	stream	and	optionally	takes	a
value	to	write	to	the	stream	before	closing.	Both	of	these	methods	can	also	be	given	a	callback	as	an	additional	argument,	which	they	will	call	when	the	writing	or	closing	has	finished.	It	is	possible	to	create	a	writable	stream	that	points	at	a	file	with	the	createWriteStream	function	from	the	fs	module.	Then	you	can	use	the	write	method	on	the	resulting
object	to	write	the	file	one	piece	at	a	time,	rather	than	in	one	shot	as	with	writeFile.	Readable	streams	are	a	little	more	involved.	Both	the	request	binding	that	was	passed	to	the	HTTP	server’s	callback	and	the	response	binding	passed	to	the	HTTP	client’s	callback	are	readable	streams—a	server	reads	requests	and	then	writes	responses,	whereas	a
client	first	writes	a	request	and	then	reads	a	response.	Reading	from	a	stream	is	done	using	event	handlers,	rather	than	methods.	Objects	that	emit	events	in	Node	have	a	method	called	on	that	is	similar	to	the	addEventListener	method	in	the	browser.	You	give	it	an	event	name	and	then	a	function,	and	it	will	register	that	function	to	be	called	whenever
the	given	event	occurs.	Readable	streams	have	"data"	and	"end"	events.	The	first	is	fired	every	time	data	comes	in,	and	the	second	is	called	whenever	the	stream	is	at	its	end.	This	model	is	most	suited	for	streaming	data	that	can	be	immediately	processed,	even	when	the	whole	document	isn’t	available	yet.	A	file	can	be	read	as	a	readable	stream	by
using	the	createReadStream	function	from	fs.	This	code	creates	a	server	that	reads	request	bodies	and	streams	them	back	to	the	client	as	all-uppercase	text:	const	{createServer}	=	require("http");	createServer((request,	response)	=>	{	response.writeHead(200,	{"Content-Type":	"text/plain"});	request.on("data",	chunk	=>
response.write(chunk.toString().toUpperCase()));	request.on("end",	()	=>	response.end());	}).listen(8000);	The	chunk	value	passed	to	the	data	handler	will	be	a	binary	Buffer.	We	can	convert	this	to	a	string	by	decoding	it	as	UTF-8	encoded	characters	with	its	toString	method.	The	following	piece	of	code,	when	run	with	the	uppercasing	server	active,
will	send	a	request	to	that	server	and	write	out	the	response	it	gets:	const	{request}	=	require("http");	request({	hostname:	"localhost",	port:	8000,	method:	"POST"	},	response	=>	{	response.on("data",	chunk	=>	process.stdout.write(chunk.toString()));	}).end("Hello	server");	The	example	writes	to	process.stdout	(the	process’s	standard	output,	which
is	a	writable	stream)	instead	of	using	console.log.	We	can’t	use	console.log	because	it	adds	an	extra	newline	character	after	each	piece	of	text	that	it	writes,	which	isn’t	appropriate	here	since	the	response	may	come	in	as	multiple	chunks.	A	file	server	Let’s	combine	our	newfound	knowledge	about	HTTP	servers	and	working	with	the	file	system	to
create	a	bridge	between	the	two:	an	HTTP	server	that	allows	remote	access	to	a	file	system.	Such	a	server	has	all	kinds	of	uses—it	allows	web	applications	to	store	and	share	data,	or	it	can	give	a	group	of	people	shared	access	to	a	bunch	of	files.	When	we	treat	files	as	HTTP	resources,	the	HTTP	methods	GET,	PUT,	and	DELETE	can	be	used	to	read,
write,	and	delete	the	files,	respectively.	We	will	interpret	the	path	in	the	request	as	the	path	of	the	file	that	the	request	refers	to.	We	probably	don’t	want	to	share	our	whole	file	system,	so	we’ll	interpret	these	paths	as	starting	in	the	server’s	working	directory,	which	is	the	directory	in	which	it	was	started.	If	I	ran	the	server	from	/tmp/public/	(or
C:\tmp\public\	on	Windows),	then	a	request	for	/file.txt	should	refer	to	/tmp/public/file.txt	(or	C:\tmp\public\file.txt).	We’ll	build	the	program	piece	by	piece,	using	an	object	called	methods	to	store	the	functions	that	handle	the	various	HTTP	methods.	Method	handlers	are	async	functions	that	get	the	request	object	as	argument	and	return	a	promise	that
resolves	to	an	object	that	describes	the	response.	const	{createServer}	=	require("http");	const	methods	=	Object.create(null);	createServer((request,	response)	=>	{	let	handler	=	methods[request.method]	||	notAllowed;	handler(request)	.catch(error	=>	{	if	(error.status	!=	null)	return	error;	return	{body:	String(error),	status:	500};	})	.then(({body,
status	=	200,	type	=	"text/plain"})	=>	{	response.writeHead(status,	{"Content-Type":	type});	if	(body	&&	body.pipe)	body.pipe(response);	else	response.end(body);	});	}).listen(8000);	async	function	notAllowed(request)	{	return	{	status:	405,	body:	`Method	${request.method}	not	allowed.`	};	}	This	starts	a	server	that	just	returns	405	error
responses,	which	is	the	code	used	to	indicate	that	the	server	refuses	to	handle	a	given	method.	When	a	request	handler’s	promise	is	rejected,	the	catch	call	translates	the	error	into	a	response	object,	if	it	isn’t	one	already,	so	that	the	server	can	send	back	an	error	response	to	inform	the	client	that	it	failed	to	handle	the	request.	The	status	field	of	the
response	description	may	be	omitted,	in	which	case	it	defaults	to	200	(OK).	The	content	type,	in	the	type	property,	can	also	be	left	off,	in	which	case	the	response	is	assumed	to	be	plain	text.	When	the	value	of	body	is	a	readable	stream,	it	will	have	a	pipe	method	that	is	used	to	forward	all	content	from	a	readable	stream	to	a	writable	stream.	If	not,	it	is
assumed	to	be	either	null	(no	body),	a	string,	or	a	buffer,	and	it	is	passed	directly	to	the	response’s	end	method.	To	figure	out	which	file	path	corresponds	to	a	request	URL,	the	urlPath	function	uses	Node’s	built-in	url	module	to	parse	the	URL.	It	takes	its	pathname,	which	will	be	something	like	"/file.txt",	decodes	that	to	get	rid	of	the	%20-style	escape
codes,	and	resolves	it	relative	to	the	program’s	working	directory.	const	{parse}	=	require("url");	const	{resolve,	sep}	=	require("path");	const	baseDirectory	=	process.cwd();	function	urlPath(url)	{	let	{pathname}	=	parse(url);	let	path	=	resolve(decodeURIComponent(pathname).slice(1));	if	(path	!=	baseDirectory	&&	!path.startsWith(baseDirectory
+	sep))	{	throw	{status:	403,	body:	"Forbidden"};	}	return	path;	}	As	soon	as	you	set	up	a	program	to	accept	network	requests,	you	have	to	start	worrying	about	security.	In	this	case,	if	we	aren’t	careful,	it	is	likely	that	we’ll	accidentally	expose	our	whole	file	system	to	the	network.	File	paths	are	strings	in	Node.	To	map	such	a	string	to	an	actual	file,
there	is	a	nontrivial	amount	of	interpretation	going	on.	Paths	may,	for	example,	include	../	to	refer	to	a	parent	directory.	So	one	obvious	source	of	problems	would	be	requests	for	paths	like	/../secret_file.	To	avoid	such	problems,	urlPath	uses	the	resolve	function	from	the	path	module,	which	resolves	relative	paths.	It	then	verifies	that	the	result	is	below
the	working	directory.	The	process.cwd	function	(where	cwd	stands	for	“current	working	directory”)	can	be	used	to	find	this	working	directory.	The	sep	binding	from	the	path	package	is	the	system’s	path	separator—a	backslash	on	Windows	and	a	forward	slash	on	most	other	systems.	When	the	path	doesn’t	start	with	the	base	directory,	the	function
throws	an	error	response	object,	using	the	HTTP	status	code	indicating	that	access	to	the	resource	is	forbidden.	We’ll	set	up	the	GET	method	to	return	a	list	of	files	when	reading	a	directory	and	to	return	the	file’s	content	when	reading	a	regular	file.	One	tricky	question	is	what	kind	of	Content-Type	header	we	should	set	when	returning	a	file’s	content.
Since	these	files	could	be	anything,	our	server	can’t	simply	return	the	same	content	type	for	all	of	them.	NPM	can	help	us	again	here.	The	mime	package	(content	type	indicators	like	text/plain	are	also	called	MIME	types)	knows	the	correct	type	for	a	large	number	of	file	extensions.	The	following	npm	command,	in	the	directory	where	the	server	script
lives,	installs	a	specific	version	of	mime:	$	npm	install	mime@2.2.0	When	a	requested	file	does	not	exist,	the	correct	HTTP	status	code	to	return	is	404.	We’ll	use	the	stat	function,	which	looks	up	information	about	a	file,	to	find	out	both	whether	the	file	exists	and	whether	it	is	a	directory.	const	{createReadStream}	=	require("fs");	const	{stat,	readdir}
=	require("fs").promises;	const	mime	=	require("mime");	methods.GET	=	async	function(request)	{	let	path	=	urlPath(request.url);	let	stats;	try	{	stats	=	await	stat(path);	}	catch	(error)	{	if	(error.code	!=	"ENOENT")	throw	error;	else	return	{status:	404,	body:	"File	not	found"};	}	if	(stats.isDirectory())	{	return	{body:	(await	readdir(path)).join("")};	}
else	{	return	{body:	createReadStream(path),	type:	mime.getType(path)};	}	};	Because	it	has	to	touch	the	disk	and	thus	might	take	a	while,	stat	is	asynchronous.	Since	we’re	using	promises	rather	than	callback	style,	it	has	to	be	imported	from	promises	instead	of	directly	from	fs.	When	the	file	does	not	exist,	stat	will	throw	an	error	object	with	a	code
property	of	"ENOENT".	These	somewhat	obscure,	Unix-inspired	codes	are	how	you	recognize	error	types	in	Node.	The	stats	object	returned	by	stat	tells	us	a	number	of	things	about	a	file,	such	as	its	size	(size	property)	and	its	modification	date	(mtime	property).	Here	we	are	interested	in	the	question	of	whether	it	is	a	directory	or	a	regular	file,	which
the	isDirectory	method	tells	us.	We	use	readdir	to	read	the	array	of	files	in	a	directory	and	return	it	to	the	client.	For	normal	files,	we	create	a	readable	stream	with	createReadStream	and	return	that	as	the	body,	along	with	the	content	type	that	the	mime	package	gives	us	for	the	file’s	name.	The	code	to	handle	DELETE	requests	is	slightly	simpler.
const	{rmdir,	unlink}	=	require("fs").promises;	methods.DELETE	=	async	function(request)	{	let	path	=	urlPath(request.url);	let	stats;	try	{	stats	=	await	stat(path);	}	catch	(error)	{	if	(error.code	!=	"ENOENT")	throw	error;	else	return	{status:	204};	}	if	(stats.isDirectory())	await	rmdir(path);	else	await	unlink(path);	return	{status:	204};	};	When	an
HTTP	response	does	not	contain	any	data,	the	status	code	204	(“no	content”)	can	be	used	to	indicate	this.	Since	the	response	to	deletion	doesn’t	need	to	transmit	any	information	beyond	whether	the	operation	succeeded,	that	is	a	sensible	thing	to	return	here.	You	may	be	wondering	why	trying	to	delete	a	nonexistent	file	returns	a	success	status	code,
rather	than	an	error.	When	the	file	that	is	being	deleted	is	not	there,	you	could	say	that	the	request’s	objective	is	already	fulfilled.	The	HTTP	standard	encourages	us	to	make	requests	idempotent,	which	means	that	making	the	same	request	multiple	times	produces	the	same	result	as	making	it	once.	In	a	way,	if	you	try	to	delete	something	that’s	already
gone,	the	effect	you	were	trying	to	do	has	been	achieved—the	thing	is	no	longer	there.	This	is	the	handler	for	PUT	requests:	const	{createWriteStream}	=	require("fs");	function	pipeStream(from,	to)	{	return	new	Promise((resolve,	reject)	=>	{	from.on("error",	reject);	to.on("error",	reject);	to.on("finish",	resolve);	from.pipe(to);	});	}	methods.PUT	=
async	function(request)	{	let	path	=	urlPath(request.url);	await	pipeStream(request,	createWriteStream(path));	return	{status:	204};	};	We	don’t	need	to	check	whether	the	file	exists	this	time—if	it	does,	we’ll	just	overwrite	it.	We	again	use	pipe	to	move	data	from	a	readable	stream	to	a	writable	one,	in	this	case	from	the	request	to	the	file.	But	since
pipe	isn’t	written	to	return	a	promise,	we	have	to	write	a	wrapper,	pipeStream,	that	creates	a	promise	around	the	outcome	of	calling	pipe.	When	something	goes	wrong	when	opening	the	file,	createWriteStream	will	still	return	a	stream,	but	that	stream	will	fire	an	"error"	event.	The	stream	from	the	request	may	also	fail,	for	example	if	the	network	goes
down.	So	we	wire	up	both	streams’	"error"	events	to	reject	the	promise.	When	pipe	is	done,	it	will	close	the	output	stream,	which	causes	it	to	fire	a	"finish"	event.	That’s	the	point	where	we	can	successfully	resolve	the	promise	(returning	nothing).	The	full	script	for	the	server	is	available	at	.	You	can	download	that	and,	after	installing	its	dependencies,
run	it	with	Node	to	start	your	own	file	server.	And,	of	course,	you	can	modify	and	extend	it	to	solve	this	chapter’s	exercises	or	to	experiment.	The	command	line	tool	curl,	widely	available	on	Unix-like	systems	(such	as	macOS	and	Linux),	can	be	used	to	make	HTTP	requests.	The	following	session	briefly	tests	our	server.	The	-X	option	is	used	to	set	the
request’s	method,	and	-d	is	used	to	include	a	request	body.	$	curl	File	not	found	$	curl	-X	PUT	-d	hello	$	curl	hello	$	curl	-X	DELETE	$	curl	File	not	found	The	first	request	for	file.txt	fails	since	the	file	does	not	exist	yet.	The	PUT	request	creates	the	file,	and	behold,	the	next	request	successfully	retrieves	it.	After	deleting	it	with	a	DELETE	request,	the
file	is	again	missing.	Summary	Node	is	a	nice,	small	system	that	lets	us	run	JavaScript	in	a	nonbrowser	context.	It	was	originally	designed	for	network	tasks	to	play	the	role	of	a	node	in	a	network.	But	it	lends	itself	to	all	kinds	of	scripting	tasks,	and	if	writing	JavaScript	is	something	you	enjoy,	automating	tasks	with	Node	works	well.	NPM	provides
packages	for	everything	you	can	think	of	(and	quite	a	few	things	you’d	probably	never	think	of),	and	it	allows	you	to	fetch	and	install	those	packages	with	the	npm	program.	Node	comes	with	a	number	of	built-in	modules,	including	the	fs	module	for	working	with	the	file	system	and	the	http	module	for	running	HTTP	servers	and	making	HTTP	requests.
All	input	and	output	in	Node	is	done	asynchronously,	unless	you	explicitly	use	a	synchronous	variant	of	a	function,	such	as	readFileSync.	When	calling	such	asynchronous	functions,	you	provide	callback	functions,	and	Node	will	call	them	with	an	error	value	and	(if	available)	a	result	when	it	is	ready.	Exercises	Search	tool	On	Unix	systems,	there	is	a
command	line	tool	called	grep	that	can	be	used	to	quickly	search	files	for	a	regular	expression.	Write	a	Node	script	that	can	be	run	from	the	command	line	and	acts	somewhat	like	grep.	It	treats	its	first	command	line	argument	as	a	regular	expression	and	treats	any	further	arguments	as	files	to	search.	It	should	output	the	names	of	any	file	whose
content	matches	the	regular	expression.	When	that	works,	extend	it	so	that	when	one	of	the	arguments	is	a	directory,	it	searches	through	all	files	in	that	directory	and	its	subdirectories.	Use	asynchronous	or	synchronous	file	system	functions	as	you	see	fit.	Setting	things	up	so	that	multiple	asynchronous	actions	are	requested	at	the	same	time	might
speed	things	up	a	little,	but	not	a	huge	amount,	since	most	file	systems	can	read	only	one	thing	at	a	time.	Your	first	command	line	argument,	the	regular	expression,	can	be	found	in	process.argv[2].	The	input	files	come	after	that.	You	can	use	the	RegExp	constructor	to	go	from	a	string	to	a	regular	expression	object.	Doing	this	synchronously,	with
readFileSync,	is	more	straightforward,	but	if	you	use	fs.promises	again	to	get	promise-returning	functions	and	write	an	async	function,	the	code	looks	similar.	To	figure	out	whether	something	is	a	directory,	you	can	again	use	stat	(or	statSync)	and	the	stats	object’s	isDirectory	method.	Exploring	a	directory	is	a	branching	process.	You	can	do	it	either	by
using	a	recursive	function	or	by	keeping	an	array	of	work	(files	that	still	need	to	be	explored).	To	find	the	files	in	a	directory,	you	can	call	readdir	or	readdirSync.	The	strange	capitalization—Node’s	file	system	function	naming	is	loosely	based	on	standard	Unix	functions,	such	as	readdir,	that	are	all	lowercase,	but	then	it	adds	Sync	with	a	capital	letter.
To	go	from	a	filename	read	with	readdir	to	a	full	path	name,	you	have	to	combine	it	with	the	name	of	the	directory,	putting	a	slash	character	(/)	between	them.	Directory	creation	Though	the	DELETE	method	in	our	file	server	is	able	to	delete	directories	(using	rmdir),	the	server	currently	does	not	provide	any	way	to	create	a	directory.	Add	support	for
the	MKCOL	method	(“make	collection”),	which	should	create	a	directory	by	calling	mkdir	from	the	fs	module.	MKCOL	is	not	a	widely	used	HTTP	method,	but	it	does	exist	for	this	same	purpose	in	the	WebDAV	standard,	which	specifies	a	set	of	conventions	on	top	of	HTTP	that	make	it	suitable	for	creating	documents.	You	can	use	the	function	that
implements	the	DELETE	method	as	a	blueprint	for	the	MKCOL	method.	When	no	file	is	found,	try	to	create	a	directory	with	mkdir.	When	a	directory	exists	at	that	path,	you	can	return	a	204	response	so	that	directory	creation	requests	are	idempotent.	If	a	nondirectory	file	exists	here,	return	an	error	code.	Code	400	(“bad	request”)	would	be
appropriate.	A	public	space	on	the	web	Since	the	file	server	serves	up	any	kind	of	file	and	even	includes	the	right	Content-Type	header,	you	can	use	it	to	serve	a	website.	Since	it	allows	everybody	to	delete	and	replace	files,	it	would	be	an	interesting	kind	of	website:	one	that	can	be	modified,	improved,	and	vandalized	by	everybody	who	takes	the	time	to
create	the	right	HTTP	request.	Write	a	basic	HTML	page	that	includes	a	simple	JavaScript	file.	Put	the	files	in	a	directory	served	by	the	file	server	and	open	them	in	your	browser.	Next,	as	an	advanced	exercise	or	even	a	weekend	project,	combine	all	the	knowledge	you	gained	from	this	book	to	build	a	more	user-friendly	interface	for	modifying	the
website—from	inside	the	website.	Use	an	HTML	form	to	edit	the	content	of	the	files	that	make	up	the	website,	allowing	the	user	to	update	them	on	the	server	by	using	HTTP	requests,	as	described	in	Chapter	18.	Start	by	making	only	a	single	file	editable.	Then	make	it	so	that	the	user	can	select	which	file	to	edit.	Use	the	fact	that	our	file	server	returns
lists	of	files	when	reading	a	directory.	Don’t	work	directly	in	the	code	exposed	by	the	file	server	since	if	you	make	a	mistake,	you	are	likely	to	damage	the	files	there.	Instead,	keep	your	work	outside	of	the	publicly	accessible	directory	and	copy	it	there	when	testing.	You	can	create	a	element	to	hold	the	content	of	the	file	that	is	being	edited.	A	GET
request,	using	fetch,	can	retrieve	the	current	content	of	the	file.	You	can	use	relative	URLs	like	index.html,	instead	of	to	refer	to	files	on	the	same	server	as	the	running	script.	Then,	when	the	user	clicks	a	button	(you	can	use	a	element	and	"submit"	event),	make	a	PUT	request	to	the	same	URL,	with	the	content	of	the	as	request	body,	to	save	the	file.
You	can	then	add	a	element	that	contains	all	the	files	in	the	server’s	top	directory	by	adding	elements	containing	the	lines	returned	by	a	GET	request	to	the	URL	/.	When	the	user	selects	another	file	(a	"change"	event	on	the	field),	the	script	must	fetch	and	display	that	file.	When	saving	a	file,	use	the	currently	selected	filename.	◀	◆	▶	Page	6	◀	◆	▶	[...]
the	question	of	whether	Machines	Can	Think	[...]	is	about	as	relevant	as	the	question	of	whether	Submarines	Can	Swim.	Edsger	Dijkstra,	The	Threats	to	Computing	Science	In	“project”	chapters,	I’ll	stop	pummeling	you	with	new	theory	for	a	brief	moment,	and	instead	we’ll	work	through	a	program	together.	Theory	is	necessary	to	learn	to	program,	but
reading	and	understanding	actual	programs	is	just	as	important.	Our	project	in	this	chapter	is	to	build	an	automaton,	a	little	program	that	performs	a	task	in	a	virtual	world.	Our	automaton	will	be	a	mail-delivery	robot	picking	up	and	dropping	off	parcels.	Meadowfield	The	village	of	Meadowfield	isn’t	very	big.	It	consists	of	11	places	with	14	roads
between	them.	It	can	be	described	with	this	array	of	roads:	const	roads	=	[	"Alice's	House-Bob's	House",	"Alice's	House-Cabin",	"Alice's	House-Post	Office",	"Bob's	House-Town	Hall",	"Daria's	House-Ernie's	House",	"Daria's	House-Town	Hall",	"Ernie's	House-Grete's	House",	"Grete's	House-Farm",	"Grete's	House-Shop",	"Marketplace-Farm",
"Marketplace-Post	Office",	"Marketplace-Shop",	"Marketplace-Town	Hall",	"Shop-Town	Hall"	];	The	network	of	roads	in	the	village	forms	a	graph.	A	graph	is	a	collection	of	points	(places	in	the	village)	with	lines	between	them	(roads).	This	graph	will	be	the	world	that	our	robot	moves	through.	The	array	of	strings	isn’t	very	easy	to	work	with.	What
we’re	interested	in	is	the	destinations	that	we	can	reach	from	a	given	place.	Let’s	convert	the	list	of	roads	to	a	data	structure	that,	for	each	place,	tells	us	what	can	be	reached	from	there.	function	buildGraph(edges)	{	let	graph	=	Object.create(null);	function	addEdge(from,	to)	{	if	(graph[from]	==	null)	{	graph[from]	=	[to];	}	else	{
graph[from].push(to);	}	}	for	(let	[from,	to]	of	edges.map(r	=>	r.split("-")))	{	addEdge(from,	to);	addEdge(to,	from);	}	return	graph;	}	const	roadGraph	=	buildGraph(roads);	Given	an	array	of	edges,	buildGraph	creates	a	map	object	that,	for	each	node,	stores	an	array	of	connected	nodes.	It	uses	the	split	method	to	go	from	the	road	strings,	which	have
the	form	"Start-End",	to	two-element	arrays	containing	the	start	and	end	as	separate	strings.	The	task	Our	robot	will	be	moving	around	the	village.	There	are	parcels	in	various	places,	each	addressed	to	some	other	place.	The	robot	picks	up	parcels	when	it	comes	to	them	and	delivers	them	when	it	arrives	at	their	destinations.	The	automaton	must
decide,	at	each	point,	where	to	go	next.	It	has	finished	its	task	when	all	parcels	have	been	delivered.	To	be	able	to	simulate	this	process,	we	must	define	a	virtual	world	that	can	describe	it.	This	model	tells	us	where	the	robot	is	and	where	the	parcels	are.	When	the	robot	has	decided	to	move	somewhere,	we	need	to	update	the	model	to	reflect	the	new
situation.	If	you’re	thinking	in	terms	of	object-oriented	programming,	your	first	impulse	might	be	to	start	defining	objects	for	the	various	elements	in	the	world:	a	class	for	the	robot,	one	for	a	parcel,	maybe	one	for	places.	These	could	then	hold	properties	that	describe	their	current	state,	such	as	the	pile	of	parcels	at	a	location,	which	we	could	change
when	updating	the	world.	This	is	wrong.	At	least,	it	usually	is.	The	fact	that	something	sounds	like	an	object	does	not	automatically	mean	that	it	should	be	an	object	in	your	program.	Reflexively	writing	classes	for	every	concept	in	your	application	tends	to	leave	you	with	a	collection	of	interconnected	objects	that	each	have	their	own	internal,	changing
state.	Such	programs	are	often	hard	to	understand	and	thus	easy	to	break.	Instead,	let’s	condense	the	village’s	state	down	to	the	minimal	set	of	values	that	define	it.	There’s	the	robot’s	current	location	and	the	collection	of	undelivered	parcels,	each	of	which	has	a	current	location	and	a	destination	address.	That’s	it.	And	while	we’re	at	it,	let’s	make	it
so	that	we	don’t	change	this	state	when	the	robot	moves	but	rather	compute	a	new	state	for	the	situation	after	the	move.	class	VillageState	{	constructor(place,	parcels)	{	this.place	=	place;	this.parcels	=	parcels;	}	move(destination)	{	if	(!roadGraph[this.place].includes(destination))	{	return	this;	}	else	{	let	parcels	=	this.parcels.map(p	=>	{	if
(p.place	!=	this.place)	return	p;	return	{place:	destination,	address:	p.address};	}).filter(p	=>	p.place	!=	p.address);	return	new	VillageState(destination,	parcels);	}	}	}	The	move	method	is	where	the	action	happens.	It	first	checks	whether	there	is	a	road	going	from	the	current	place	to	the	destination,	and	if	not,	it	returns	the	old	state	since	this	is	not
a	valid	move.	Then	it	creates	a	new	state	with	the	destination	as	the	robot’s	new	place.	But	it	also	needs	to	create	a	new	set	of	parcels—parcels	that	the	robot	is	carrying	(that	are	at	the	robot’s	current	place)	need	to	be	moved	along	to	the	new	place.	And	parcels	that	are	addressed	to	the	new	place	need	to	be	delivered—that	is,	they	need	to	be	removed
from	the	set	of	undelivered	parcels.	The	call	to	map	takes	care	of	the	moving,	and	the	call	to	filter	does	the	delivering.	Parcel	objects	aren’t	changed	when	they	are	moved	but	re-created.	The	move	method	gives	us	a	new	village	state	but	leaves	the	old	one	entirely	intact.	let	first	=	new	VillageState(	"Post	Office",	[{place:	"Post	Office",	address:	"Alice's
House"}]	);	let	next	=	first.move("Alice's	House");	console.log(next.place);	console.log(next.parcels);	console.log(first.place);	The	move	causes	the	parcel	to	be	delivered,	and	this	is	reflected	in	the	next	state.	But	the	initial	state	still	describes	the	situation	where	the	robot	is	at	the	post	office	and	the	parcel	is	undelivered.	Persistent	data	Data	structures
that	don’t	change	are	called	immutable	or	persistent.	They	behave	a	lot	like	strings	and	numbers	in	that	they	are	who	they	are	and	stay	that	way,	rather	than	containing	different	things	at	different	times.	In	JavaScript,	just	about	everything	can	be	changed,	so	working	with	values	that	are	supposed	to	be	persistent	requires	some	restraint.	There	is	a
function	called	Object.freeze	that	changes	an	object	so	that	writing	to	its	properties	is	ignored.	You	could	use	that	to	make	sure	your	objects	aren’t	changed,	if	you	want	to	be	careful.	Freezing	does	require	the	computer	to	do	some	extra	work,	and	having	updates	ignored	is	just	about	as	likely	to	confuse	someone	as	having	them	do	the	wrong	thing.	So	I
usually	prefer	to	just	tell	people	that	a	given	object	shouldn’t	be	messed	with	and	hope	they	remember	it.	let	object	=	Object.freeze({value:	5});	object.value	=	10;	console.log(object.value);	Why	am	I	going	out	of	my	way	to	not	change	objects	when	the	language	is	obviously	expecting	me	to?	Because	it	helps	me	understand	my	programs.	This	is	about
complexity	management	again.	When	the	objects	in	my	system	are	fixed,	stable	things,	I	can	consider	operations	on	them	in	isolation—moving	to	Alice’s	house	from	a	given	start	state	always	produces	the	same	new	state.	When	objects	change	over	time,	that	adds	a	whole	new	dimension	of	complexity	to	this	kind	of	reasoning.	For	a	small	system	like
the	one	we	are	building	in	this	chapter,	we	could	handle	that	bit	of	extra	complexity.	But	the	most	important	limit	on	what	kind	of	systems	we	can	build	is	how	much	we	can	understand.	Anything	that	makes	your	code	easier	to	understand	makes	it	possible	to	build	a	more	ambitious	system.	Unfortunately,	although	understanding	a	system	built	on
persistent	data	structures	is	easier,	designing	one,	especially	when	your	programming	language	isn’t	helping,	can	be	a	little	harder.	We’ll	look	for	opportunities	to	use	persistent	data	structures	in	this	book,	but	we’ll	also	be	using	changeable	ones.	Simulation	A	delivery	robot	looks	at	the	world	and	decides	in	which	direction	it	wants	to	move.	As	such,
we	could	say	that	a	robot	is	a	function	that	takes	a	VillageState	object	and	returns	the	name	of	a	nearby	place.	Because	we	want	robots	to	be	able	to	remember	things,	so	that	they	can	make	and	execute	plans,	we	also	pass	them	their	memory	and	allow	them	to	return	a	new	memory.	Thus,	the	thing	a	robot	returns	is	an	object	containing	both	the
direction	it	wants	to	move	in	and	a	memory	value	that	will	be	given	back	to	it	the	next	time	it	is	called.	function	runRobot(state,	robot,	memory)	{	for	(let	turn	=	0;;	turn++)	{	if	(state.parcels.length	==	0)	{	console.log(`Done	in	${turn}	turns`);	break;	}	let	action	=	robot(state,	memory);	state	=	state.move(action.direction);	memory	=	action.memory;
console.log(`Moved	to	${action.direction}`);	}	}	Consider	what	a	robot	has	to	do	to	“solve”	a	given	state.	It	must	pick	up	all	parcels	by	visiting	every	location	that	has	a	parcel	and	deliver	them	by	visiting	every	location	that	a	parcel	is	addressed	to,	but	only	after	picking	up	the	parcel.	What	is	the	dumbest	strategy	that	could	possibly	work?	The	robot
could	just	walk	in	a	random	direction	every	turn.	That	means,	with	great	likelihood,	it	will	eventually	run	into	all	parcels	and	then	also	at	some	point	reach	the	place	where	they	should	be	delivered.	Here’s	what	that	could	look	like:	function	randomPick(array)	{	let	choice	=	Math.floor(Math.random()	*	array.length);	return	array[choice];	}	function
randomRobot(state)	{	return	{direction:	randomPick(roadGraph[state.place])};	}	Remember	that	Math.random()	returns	a	number	between	zero	and	one—but	always	below	one.	Multiplying	such	a	number	by	the	length	of	an	array	and	then	applying	Math.floor	to	it	gives	us	a	random	index	for	the	array.	Since	this	robot	does	not	need	to	remember
anything,	it	ignores	its	second	argument	(remember	that	JavaScript	functions	can	be	called	with	extra	arguments	without	ill	effects)	and	omits	the	memory	property	in	its	returned	object.	To	put	this	sophisticated	robot	to	work,	we’ll	first	need	a	way	to	create	a	new	state	with	some	parcels.	A	static	method	(written	here	by	directly	adding	a	property	to
the	constructor)	is	a	good	place	to	put	that	functionality.	VillageState.random	=	function(parcelCount	=	5)	{	let	parcels	=	[];	for	(let	i	=	0;	i	<	parcelCount;	i++)	{	let	address	=	randomPick(Object.keys(roadGraph));	let	place;	do	{	place	=	randomPick(Object.keys(roadGraph));	}	while	(place	==	address);	parcels.push({place,	address});	}	return	new
VillageState("Post	Office",	parcels);	};	We	don’t	want	any	parcels	that	are	sent	from	the	same	place	that	they	are	addressed	to.	For	this	reason,	the	do	loop	keeps	picking	new	places	when	it	gets	one	that’s	equal	to	the	address.	Let’s	start	up	a	virtual	world.	runRobot(VillageState.random(),	randomRobot);	It	takes	the	robot	a	lot	of	turns	to	deliver	the
parcels	because	it	isn’t	planning	ahead	very	well.	We’ll	address	that	soon.	For	a	more	pleasant	perspective	on	the	simulation,	you	can	use	the	runRobotAnimation	function	that’s	available	in	this	chapter’s	programming	environment.	This	runs	the	simulation,	but	instead	of	outputting	text,	it	shows	you	the	robot	moving	around	the	village	map.
runRobotAnimation(VillageState.random(),	randomRobot);	The	way	runRobotAnimation	is	implemented	will	remain	a	mystery	for	now,	but	after	you’ve	read	the	later	chapters	of	this	book,	which	discuss	JavaScript	integration	in	web	browsers,	you’ll	be	able	to	guess	how	it	works.	The	mail	truck’s	route	We	should	be	able	to	do	a	lot	better	than	the
random	robot.	An	easy	improvement	would	be	to	take	a	hint	from	the	way	real-world	mail	delivery	works.	If	we	find	a	route	that	passes	all	places	in	the	village,	the	robot	could	run	that	route	twice,	at	which	point	it	is	guaranteed	to	be	done.	Here	is	one	such	route	(starting	from	the	post	office):	const	mailRoute	=	[	"Alice's	House",	"Cabin",	"Alice's
House",	"Bob's	House",	"Town	Hall",	"Daria's	House",	"Ernie's	House",	"Grete's	House",	"Shop",	"Grete's	House",	"Farm",	"Marketplace",	"Post	Office"	];	To	implement	the	route-following	robot,	we’ll	need	to	make	use	of	robot	memory.	The	robot	keeps	the	rest	of	its	route	in	its	memory	and	drops	the	first	element	every	turn.	function	routeRobot(state,
memory)	{	if	(memory.length	==	0)	{	memory	=	mailRoute;	}	return	{direction:	memory[0],	memory:	memory.slice(1)};	}	This	robot	is	a	lot	faster	already.	It’ll	take	a	maximum	of	26	turns	(twice	the	13-step	route)	but	usually	less.	runRobotAnimation(VillageState.random(),	routeRobot,	[]);	Pathfinding	Still,	I	wouldn’t	really	call	blindly	following	a	fixed
route	intelligent	behavior.	The	robot	could	work	more	efficiently	if	it	adjusted	its	behavior	to	the	actual	work	that	needs	to	be	done.	To	do	that,	it	has	to	be	able	to	deliberately	move	toward	a	given	parcel	or	toward	the	location	where	a	parcel	has	to	be	delivered.	Doing	that,	even	when	the	goal	is	more	than	one	move	away,	will	require	some	kind	of
route-finding	function.	The	problem	of	finding	a	route	through	a	graph	is	a	typical	search	problem.	We	can	tell	whether	a	given	solution	(a	route)	is	a	valid	solution,	but	we	can’t	directly	compute	the	solution	the	way	we	could	for	2	+	2.	Instead,	we	have	to	keep	creating	potential	solutions	until	we	find	one	that	works.	The	number	of	possible	routes
through	a	graph	is	infinite.	But	when	searching	for	a	route	from	A	to	B,	we	are	interested	only	in	the	ones	that	start	at	A.	We	also	don’t	care	about	routes	that	visit	the	same	place	twice—those	are	definitely	not	the	most	efficient	route	anywhere.	So	that	cuts	down	on	the	number	of	routes	that	the	route	finder	has	to	consider.	In	fact,	we	are	mostly
interested	in	the	shortest	route.	So	we	want	to	make	sure	we	look	at	short	routes	before	we	look	at	longer	ones.	A	good	approach	would	be	to	“grow”	routes	from	the	starting	point,	exploring	every	reachable	place	that	hasn’t	been	visited	yet,	until	a	route	reaches	the	goal.	That	way,	we’ll	only	explore	routes	that	are	potentially	interesting,	and	we’ll	find
the	shortest	route	(or	one	of	the	shortest	routes,	if	there	are	more	than	one)	to	the	goal.	Here	is	a	function	that	does	this:	function	findRoute(graph,	from,	to)	{	let	work	=	[{at:	from,	route:	[]}];	for	(let	i	=	0;	i	<	work.length;	i++)	{	let	{at,	route}	=	work[i];	for	(let	place	of	graph[at])	{	if	(place	==	to)	return	route.concat(place);	if	(!work.some(w	=>
w.at	==	place))	{	work.push({at:	place,	route:	route.concat(place)});	}	}	}	}	The	exploring	has	to	be	done	in	the	right	order—the	places	that	were	reached	first	have	to	be	explored	first.	We	can’t	immediately	explore	a	place	as	soon	as	we	reach	it	because	that	would	mean	places	reached	from	there	would	also	be	explored	immediately,	and	so	on,	even
though	there	may	be	other,	shorter	paths	that	haven’t	yet	been	explored.	Therefore,	the	function	keeps	a	work	list.	This	is	an	array	of	places	that	should	be	explored	next,	along	with	the	route	that	got	us	there.	It	starts	with	just	the	start	position	and	an	empty	route.	The	search	then	operates	by	taking	the	next	item	in	the	list	and	exploring	that,	which
means	all	roads	going	from	that	place	are	looked	at.	If	one	of	them	is	the	goal,	a	finished	route	can	be	returned.	Otherwise,	if	we	haven’t	looked	at	this	place	before,	a	new	item	is	added	to	the	list.	If	we	have	looked	at	it	before,	since	we	are	looking	at	short	routes	first,	we’ve	found	either	a	longer	route	to	that	place	or	one	precisely	as	long	as	the
existing	one,	and	we	don’t	need	to	explore	it.	You	can	visually	imagine	this	as	a	web	of	known	routes	crawling	out	from	the	start	location,	growing	evenly	on	all	sides	(but	never	tangling	back	into	itself).	As	soon	as	the	first	thread	reaches	the	goal	location,	that	thread	is	traced	back	to	the	start,	giving	us	our	route.	Our	code	doesn’t	handle	the	situation
where	there	are	no	more	work	items	on	the	work	list	because	we	know	that	our	graph	is	connected,	meaning	that	every	location	can	be	reached	from	all	other	locations.	We’ll	always	be	able	to	find	a	route	between	two	points,	and	the	search	can’t	fail.	function	goalOrientedRobot({place,	parcels},	route)	{	if	(route.length	==	0)	{	let	parcel	=	parcels[0];
if	(parcel.place	!=	place)	{	route	=	findRoute(roadGraph,	place,	parcel.place);	}	else	{	route	=	findRoute(roadGraph,	place,	parcel.address);	}	}	return	{direction:	route[0],	memory:	route.slice(1)};	}	This	robot	uses	its	memory	value	as	a	list	of	directions	to	move	in,	just	like	the	route-following	robot.	Whenever	that	list	is	empty,	it	has	to	figure	out
what	to	do	next.	It	takes	the	first	undelivered	parcel	in	the	set	and,	if	that	parcel	hasn’t	been	picked	up	yet,	plots	a	route	toward	it.	If	the	parcel	has	been	picked	up,	it	still	needs	to	be	delivered,	so	the	robot	creates	a	route	toward	the	delivery	address	instead.	Let’s	see	how	it	does.	runRobotAnimation(VillageState.random(),	goalOrientedRobot,	[]);	This
robot	usually	finishes	the	task	of	delivering	5	parcels	in	about	16	turns.	That’s	slightly	better	than	routeRobot	but	still	definitely	not	optimal.	Exercises	Measuring	a	robot	It’s	hard	to	objectively	compare	robots	by	just	letting	them	solve	a	few	scenarios.	Maybe	one	robot	just	happened	to	get	easier	tasks	or	the	kind	of	tasks	that	it	is	good	at,	whereas	the
other	didn’t.	Write	a	function	compareRobots	that	takes	two	robots	(and	their	starting	memory).	It	should	generate	100	tasks	and	let	each	of	the	robots	solve	each	of	these	tasks.	When	done,	it	should	output	the	average	number	of	steps	each	robot	took	per	task.	For	the	sake	of	fairness,	make	sure	you	give	each	task	to	both	robots,	rather	than
generating	different	tasks	per	robot.	function	compareRobots(robot1,	memory1,	robot2,	memory2)	{	}	compareRobots(routeRobot,	[],	goalOrientedRobot,	[]);	You’ll	have	to	write	a	variant	of	the	runRobot	function	that,	instead	of	logging	the	events	to	the	console,	returns	the	number	of	steps	the	robot	took	to	complete	the	task.	Your	measurement
function	can	then,	in	a	loop,	generate	new	states	and	count	the	steps	each	of	the	robots	takes.	When	it	has	generated	enough	measurements,	it	can	use	console.log	to	output	the	average	for	each	robot,	which	is	the	total	number	of	steps	taken	divided	by	the	number	of	measurements.	Robot	efficiency	Can	you	write	a	robot	that	finishes	the	delivery	task
faster	than	goalOrientedRobot?	If	you	observe	that	robot’s	behavior,	what	obviously	stupid	things	does	it	do?	How	could	those	be	improved?	If	you	solved	the	previous	exercise,	you	might	want	to	use	your	compareRobots	function	to	verify	whether	you	improved	the	robot.	runRobotAnimation(VillageState.random(),	yourRobot,	memory);	The	main
limitation	of	goalOrientedRobot	is	that	it	considers	only	one	parcel	at	a	time.	It	will	often	walk	back	and	forth	across	the	village	because	the	parcel	it	happens	to	be	looking	at	happens	to	be	at	the	other	side	of	the	map,	even	if	there	are	others	much	closer.	One	possible	solution	would	be	to	compute	routes	for	all	packages	and	then	take	the	shortest
one.	Even	better	results	can	be	obtained,	if	there	are	multiple	shortest	routes,	by	preferring	the	ones	that	go	to	pick	up	a	package	instead	of	delivering	a	package.	Persistent	group	Most	data	structures	provided	in	a	standard	JavaScript	environment	aren’t	very	well	suited	for	persistent	use.	Arrays	have	slice	and	concat	methods,	which	allow	us	to	easily
create	new	arrays	without	damaging	the	old	one.	But	Set,	for	example,	has	no	methods	for	creating	a	new	set	with	an	item	added	or	removed.	Write	a	new	class	PGroup,	similar	to	the	Group	class	from	Chapter	6,	which	stores	a	set	of	values.	Like	Group,	it	has	add,	delete,	and	has	methods.	Its	add	method,	however,	should	return	a	new	PGroup	instance
with	the	given	member	added	and	leave	the	old	one	unchanged.	Similarly,	delete	creates	a	new	instance	without	a	given	member.	The	class	should	work	for	values	of	any	type,	not	just	strings.	It	does	not	have	to	be	efficient	when	used	with	large	amounts	of	values.	The	constructor	shouldn’t	be	part	of	the	class’s	interface	(though	you’ll	definitely	want
to	use	it	internally).	Instead,	there	is	an	empty	instance,	PGroup.empty,	that	can	be	used	as	a	starting	value.	Why	do	you	need	only	one	PGroup.empty	value,	rather	than	having	a	function	that	creates	a	new,	empty	map	every	time?	class	PGroup	{	}	let	a	=	PGroup.empty.add("a");	let	ab	=	a.add("b");	let	b	=	ab.delete("a");	console.log(b.has("b"));
console.log(a.has("b"));	console.log(b.has("a"));	The	most	convenient	way	to	represent	the	set	of	member	values	is	still	as	an	array	since	arrays	are	easy	to	copy.	When	a	value	is	added	to	the	group,	you	can	create	a	new	group	with	a	copy	of	the	original	array	that	has	the	value	added	(for	example,	using	concat).	When	a	value	is	deleted,	you	filter	it	from
the	array.	The	class’s	constructor	can	take	such	an	array	as	argument	and	store	it	as	the	instance’s	(only)	property.	This	array	is	never	updated.	To	add	a	property	(empty)	to	a	constructor	that	is	not	a	method,	you	have	to	add	it	to	the	constructor	after	the	class	definition,	as	a	regular	property.	You	need	only	one	empty	instance	because	all	empty
groups	are	the	same	and	instances	of	the	class	don’t	change.	You	can	create	many	different	groups	from	that	single	empty	group	without	affecting	it.	◀	◆	▶	Page	7	◀	◆	▶	An	abstract	data	type	is	realized	by	writing	a	special	kind	of	program	[…]	which	defines	the	type	in	terms	of	the	operations	which	can	be	performed	on	it.	Barbara	Liskov,
Programming	with	Abstract	Data	Types	Chapter	4	introduced	JavaScript’s	objects.	In	programming	culture,	we	have	a	thing	called	object-oriented	programming,	a	set	of	techniques	that	use	objects	(and	related	concepts)	as	the	central	principle	of	program	organization.	Though	no	one	really	agrees	on	its	precise	definition,	object-oriented	programming
has	shaped	the	design	of	many	programming	languages,	including	JavaScript.	This	chapter	will	describe	the	way	these	ideas	can	be	applied	in	JavaScript.	Encapsulation	The	core	idea	in	object-oriented	programming	is	to	divide	programs	into	smaller	pieces	and	make	each	piece	responsible	for	managing	its	own	state.	This	way,	some	knowledge	about
the	way	a	piece	of	the	program	works	can	be	kept	local	to	that	piece.	Someone	working	on	the	rest	of	the	program	does	not	have	to	remember	or	even	be	aware	of	that	knowledge.	Whenever	these	local	details	change,	only	the	code	directly	around	it	needs	to	be	updated.	Different	pieces	of	such	a	program	interact	with	each	other	through	interfaces,
limited	sets	of	functions	or	bindings	that	provide	useful	functionality	at	a	more	abstract	level,	hiding	their	precise	implementation.	Such	program	pieces	are	modeled	using	objects.	Their	interface	consists	of	a	specific	set	of	methods	and	properties.	Properties	that	are	part	of	the	interface	are	called	public.	The	others,	which	outside	code	should	not	be
touching,	are	called	private.	Many	languages	provide	a	way	to	distinguish	public	and	private	properties	and	prevent	outside	code	from	accessing	the	private	ones	altogether.	JavaScript,	once	again	taking	the	minimalist	approach,	does	not—not	yet	at	least.	There	is	work	underway	to	add	this	to	the	language.	Even	though	the	language	doesn’t	have	this
distinction	built	in,	JavaScript	programmers	are	successfully	using	this	idea.	Typically,	the	available	interface	is	described	in	documentation	or	comments.	It	is	also	common	to	put	an	underscore	(_)	character	at	the	start	of	property	names	to	indicate	that	those	properties	are	private.	Separating	interface	from	implementation	is	a	great	idea.	It	is	usually
called	encapsulation.	Methods	Methods	are	nothing	more	than	properties	that	hold	function	values.	This	is	a	simple	method:	let	rabbit	=	{};	rabbit.speak	=	function(line)	{	console.log(`The	rabbit	says	'${line}'`);	};	rabbit.speak("I'm	alive.");	Usually	a	method	needs	to	do	something	with	the	object	it	was	called	on.	When	a	function	is	called	as	a	method
—looked	up	as	a	property	and	immediately	called,	as	in	object.method()—the	binding	called	this	in	its	body	automatically	points	at	the	object	that	it	was	called	on.	function	speak(line)	{	console.log(`The	${this.type}	rabbit	says	'${line}'`);	}	let	whiteRabbit	=	{type:	"white",	speak};	let	hungryRabbit	=	{type:	"hungry",	speak};	whiteRabbit.speak("Oh
my	ears	and	whiskers,	"	+	"how	late	it's	getting!");	hungryRabbit.speak("I	could	use	a	carrot	right	now.");	You	can	think	of	this	as	an	extra	parameter	that	is	passed	in	a	different	way.	If	you	want	to	pass	it	explicitly,	you	can	use	a	function’s	call	method,	which	takes	the	this	value	as	its	first	argument	and	treats	further	arguments	as	normal	parameters.
speak.call(hungryRabbit,	"Burp!");	Since	each	function	has	its	own	this	binding,	whose	value	depends	on	the	way	it	is	called,	you	cannot	refer	to	the	this	of	the	wrapping	scope	in	a	regular	function	defined	with	the	function	keyword.	Arrow	functions	are	different—they	do	not	bind	their	own	this	but	can	see	the	this	binding	of	the	scope	around	them.
Thus,	you	can	do	something	like	the	following	code,	which	references	this	from	inside	a	local	function:	function	normalize()	{	console.log(this.coords.map(n	=>	n	/	this.length));	}	normalize.call({coords:	[0,	2,	3],	length:	5});	If	I	had	written	the	argument	to	map	using	the	function	keyword,	the	code	wouldn’t	work.	Prototypes	Watch	closely.	let	empty	=
{};	console.log(empty.toString);	console.log(empty.toString());	I	pulled	a	property	out	of	an	empty	object.	Magic!	Well,	not	really.	I	have	simply	been	withholding	information	about	the	way	JavaScript	objects	work.	In	addition	to	their	set	of	properties,	most	objects	also	have	a	prototype.	A	prototype	is	another	object	that	is	used	as	a	fallback	source	of
properties.	When	an	object	gets	a	request	for	a	property	that	it	does	not	have,	its	prototype	will	be	searched	for	the	property,	then	the	prototype’s	prototype,	and	so	on.	So	who	is	the	prototype	of	that	empty	object?	It	is	the	great	ancestral	prototype,	the	entity	behind	almost	all	objects,	Object.prototype.	console.log(Object.getPrototypeOf({})	==
Object.prototype);	console.log(Object.getPrototypeOf(Object.prototype));	As	you	guess,	Object.getPrototypeOf	returns	the	prototype	of	an	object.	The	prototype	relations	of	JavaScript	objects	form	a	tree-shaped	structure,	and	at	the	root	of	this	structure	sits	Object.prototype.	It	provides	a	few	methods	that	show	up	in	all	objects,	such	as	toString,	which
converts	an	object	to	a	string	representation.	Many	objects	don’t	directly	have	Object.prototype	as	their	prototype	but	instead	have	another	object	that	provides	a	different	set	of	default	properties.	Functions	derive	from	Function.prototype,	and	arrays	derive	from	Array.prototype.	console.log(Object.getPrototypeOf(Math.max)	==	Function.prototype);
console.log(Object.getPrototypeOf([])	==	Array.prototype);	Such	a	prototype	object	will	itself	have	a	prototype,	often	Object.prototype,	so	that	it	still	indirectly	provides	methods	like	toString.	You	can	use	Object.create	to	create	an	object	with	a	specific	prototype.	let	protoRabbit	=	{	speak(line)	{	console.log(`The	${this.type}	rabbit	says	'${line}'`);	}
};	let	killerRabbit	=	Object.create(protoRabbit);	killerRabbit.type	=	"killer";	killerRabbit.speak("SKREEEE!");	A	property	like	speak(line)	in	an	object	expression	is	a	shorthand	way	of	defining	a	method.	It	creates	a	property	called	speak	and	gives	it	a	function	as	its	value.	The	“proto”	rabbit	acts	as	a	container	for	the	properties	that	are	shared	by	all
rabbits.	An	individual	rabbit	object,	like	the	killer	rabbit,	contains	properties	that	apply	only	to	itself—in	this	case	its	type—and	derives	shared	properties	from	its	prototype.	Classes	JavaScript’s	prototype	system	can	be	interpreted	as	a	somewhat	informal	take	on	an	object-oriented	concept	called	classes.	A	class	defines	the	shape	of	a	type	of	object—
what	methods	and	properties	it	has.	Such	an	object	is	called	an	instance	of	the	class.	Prototypes	are	useful	for	defining	properties	for	which	all	instances	of	a	class	share	the	same	value,	such	as	methods.	Properties	that	differ	per	instance,	such	as	our	rabbits’	type	property,	need	to	be	stored	directly	in	the	objects	themselves.	So	to	create	an	instance
of	a	given	class,	you	have	to	make	an	object	that	derives	from	the	proper	prototype,	but	you	also	have	to	make	sure	it,	itself,	has	the	properties	that	instances	of	this	class	are	supposed	to	have.	This	is	what	a	constructor	function	does.	function	makeRabbit(type)	{	let	rabbit	=	Object.create(protoRabbit);	rabbit.type	=	type;	return	rabbit;	}	JavaScript
provides	a	way	to	make	defining	this	type	of	function	easier.	If	you	put	the	keyword	new	in	front	of	a	function	call,	the	function	is	treated	as	a	constructor.	This	means	that	an	object	with	the	right	prototype	is	automatically	created,	bound	to	this	in	the	function,	and	returned	at	the	end	of	the	function.	The	prototype	object	used	when	constructing



objects	is	found	by	taking	the	prototype	property	of	the	constructor	function.	function	Rabbit(type)	{	this.type	=	type;	}	Rabbit.prototype.speak	=	function(line)	{	console.log(`The	${this.type}	rabbit	says	'${line}'`);	};	let	weirdRabbit	=	new	Rabbit("weird");	Constructors	(all	functions,	in	fact)	automatically	get	a	property	named	prototype,	which	by
default	holds	a	plain,	empty	object	that	derives	from	Object.prototype.	You	can	overwrite	it	with	a	new	object	if	you	want.	Or	you	can	add	properties	to	the	existing	object,	as	the	example	does.	By	convention,	the	names	of	constructors	are	capitalized	so	that	they	can	easily	be	distinguished	from	other	functions.	It	is	important	to	understand	the
distinction	between	the	way	a	prototype	is	associated	with	a	constructor	(through	its	prototype	property)	and	the	way	objects	have	a	prototype	(which	can	be	found	with	Object.getPrototypeOf).	The	actual	prototype	of	a	constructor	is	Function.prototype	since	constructors	are	functions.	Its	prototype	property	holds	the	prototype	used	for	instances
created	through	it.	console.log(Object.getPrototypeOf(Rabbit)	==	Function.prototype);	console.log(Object.getPrototypeOf(weirdRabbit)	==	Rabbit.prototype);	Class	notation	So	JavaScript	classes	are	constructor	functions	with	a	prototype	property.	That	is	how	they	work,	and	until	2015,	that	was	how	you	had	to	write	them.	These	days,	we	have	a	less
awkward	notation.	class	Rabbit	{	constructor(type)	{	this.type	=	type;	}	speak(line)	{	console.log(`The	${this.type}	rabbit	says	'${line}'`);	}	}	let	killerRabbit	=	new	Rabbit("killer");	let	blackRabbit	=	new	Rabbit("black");	The	class	keyword	starts	a	class	declaration,	which	allows	us	to	define	a	constructor	and	a	set	of	methods	all	in	a	single	place.	Any
number	of	methods	may	be	written	inside	the	declaration’s	braces.	The	one	named	constructor	is	treated	specially.	It	provides	the	actual	constructor	function,	which	will	be	bound	to	the	name	Rabbit.	The	others	are	packaged	into	that	constructor’s	prototype.	Thus,	the	earlier	class	declaration	is	equivalent	to	the	constructor	definition	from	the
previous	section.	It	just	looks	nicer.	Class	declarations	currently	allow	only	methods—properties	that	hold	functions—to	be	added	to	the	prototype.	This	can	be	somewhat	inconvenient	when	you	want	to	save	a	non-function	value	in	there.	The	next	version	of	the	language	will	probably	improve	this.	For	now,	you	can	create	such	properties	by	directly
manipulating	the	prototype	after	you’ve	defined	the	class.	Like	function,	class	can	be	used	both	in	statements	and	in	expressions.	When	used	as	an	expression,	it	doesn’t	define	a	binding	but	just	produces	the	constructor	as	a	value.	You	are	allowed	to	omit	the	class	name	in	a	class	expression.	let	object	=	new	class	{	getWord()	{	return	"hello";	}	};
console.log(object.getWord());	Overriding	derived	properties	When	you	add	a	property	to	an	object,	whether	it	is	present	in	the	prototype	or	not,	the	property	is	added	to	the	object	itself.	If	there	was	already	a	property	with	the	same	name	in	the	prototype,	this	property	will	no	longer	affect	the	object,	as	it	is	now	hidden	behind	the	object’s	own
property.	Rabbit.prototype.teeth	=	"small";	console.log(killerRabbit.teeth);	killerRabbit.teeth	=	"long,	sharp,	and	bloody";	console.log(killerRabbit.teeth);	console.log(blackRabbit.teeth);	console.log(Rabbit.prototype.teeth);	The	following	diagram	sketches	the	situation	after	this	code	has	run.	The	Rabbit	and	Object	prototypes	lie	behind	killerRabbit	as	a
kind	of	backdrop,	where	properties	that	are	not	found	in	the	object	itself	can	be	looked	up.	Overriding	properties	that	exist	in	a	prototype	can	be	a	useful	thing	to	do.	As	the	rabbit	teeth	example	shows,	overriding	can	be	used	to	express	exceptional	properties	in	instances	of	a	more	generic	class	of	objects,	while	letting	the	nonexceptional	objects	take	a
standard	value	from	their	prototype.	Overriding	is	also	used	to	give	the	standard	function	and	array	prototypes	a	different	toString	method	than	the	basic	object	prototype.	console.log(Array.prototype.toString	==	Object.prototype.toString);	console.log([1,	2].toString());	Calling	toString	on	an	array	gives	a	result	similar	to	calling	.join(",")	on	it—it	puts
commas	between	the	values	in	the	array.	Directly	calling	Object.prototype.toString	with	an	array	produces	a	different	string.	That	function	doesn’t	know	about	arrays,	so	it	simply	puts	the	word	object	and	the	name	of	the	type	between	square	brackets.	console.log(Object.prototype.toString.call([1,	2]));	Maps	We	saw	the	word	map	used	in	the	previous
chapter	for	an	operation	that	transforms	a	data	structure	by	applying	a	function	to	its	elements.	Confusing	as	it	is,	in	programming	the	same	word	is	also	used	for	a	related	but	rather	different	thing.	A	map	(noun)	is	a	data	structure	that	associates	values	(the	keys)	with	other	values.	For	example,	you	might	want	to	map	names	to	ages.	It	is	possible	to
use	objects	for	this.	let	ages	=	{	Boris:	39,	Liang:	22,	Júlia:	62	};	console.log(`Júlia	is	${ages["Júlia"]}`);	console.log("Is	Jack's	age	known?",	"Jack"	in	ages);	console.log("Is	toString's	age	known?",	"toString"	in	ages);	Here,	the	object’s	property	names	are	the	people’s	names,	and	the	property	values	are	their	ages.	But	we	certainly	didn’t	list	anybody
named	toString	in	our	map.	Yet,	because	plain	objects	derive	from	Object.prototype,	it	looks	like	the	property	is	there.	As	such,	using	plain	objects	as	maps	is	dangerous.	There	are	several	possible	ways	to	avoid	this	problem.	First,	it	is	possible	to	create	objects	with	no	prototype.	If	you	pass	null	to	Object.create,	the	resulting	object	will	not	derive	from
Object.prototype	and	can	safely	be	used	as	a	map.	console.log("toString"	in	Object.create(null));	Object	property	names	must	be	strings.	If	you	need	a	map	whose	keys	can’t	easily	be	converted	to	strings—such	as	objects—you	cannot	use	an	object	as	your	map.	Fortunately,	JavaScript	comes	with	a	class	called	Map	that	is	written	for	this	exact	purpose.
It	stores	a	mapping	and	allows	any	type	of	keys.	let	ages	=	new	Map();	ages.set("Boris",	39);	ages.set("Liang",	22);	ages.set("Júlia",	62);	console.log(`Júlia	is	${ages.get("Júlia")}`);	console.log("Is	Jack's	age	known?",	ages.has("Jack"));	console.log(ages.has("toString"));	The	methods	set,	get,	and	has	are	part	of	the	interface	of	the	Map	object.	Writing	a
data	structure	that	can	quickly	update	and	search	a	large	set	of	values	isn’t	easy,	but	we	don’t	have	to	worry	about	that.	Someone	else	did	it	for	us,	and	we	can	go	through	this	simple	interface	to	use	their	work.	If	you	do	have	a	plain	object	that	you	need	to	treat	as	a	map	for	some	reason,	it	is	useful	to	know	that	Object.keys	returns	only	an	object’s	own
keys,	not	those	in	the	prototype.	As	an	alternative	to	the	in	operator,	you	can	use	the	hasOwnProperty	method,	which	ignores	the	object’s	prototype.	console.log({x:	1}.hasOwnProperty("x"));	console.log({x:	1}.hasOwnProperty("toString"));	Polymorphism	When	you	call	the	String	function	(which	converts	a	value	to	a	string)	on	an	object,	it	will	call	the
toString	method	on	that	object	to	try	to	create	a	meaningful	string	from	it.	I	mentioned	that	some	of	the	standard	prototypes	define	their	own	version	of	toString	so	they	can	create	a	string	that	contains	more	useful	information	than	"[object	Object]".	You	can	also	do	that	yourself.	Rabbit.prototype.toString	=	function()	{	return	`a	${this.type}	rabbit`;
};	console.log(String(blackRabbit));	This	is	a	simple	instance	of	a	powerful	idea.	When	a	piece	of	code	is	written	to	work	with	objects	that	have	a	certain	interface—in	this	case,	a	toString	method—any	kind	of	object	that	happens	to	support	this	interface	can	be	plugged	into	the	code,	and	it	will	just	work.	This	technique	is	called	polymorphism.
Polymorphic	code	can	work	with	values	of	different	shapes,	as	long	as	they	support	the	interface	it	expects.	I	mentioned	in	Chapter	4	that	a	for/of	loop	can	loop	over	several	kinds	of	data	structures.	This	is	another	case	of	polymorphism—such	loops	expect	the	data	structure	to	expose	a	specific	interface,	which	arrays	and	strings	do.	And	we	can	also
add	this	interface	to	our	own	objects!	But	before	we	can	do	that,	we	need	to	know	what	symbols	are.	Symbols	It	is	possible	for	multiple	interfaces	to	use	the	same	property	name	for	different	things.	For	example,	I	could	define	an	interface	in	which	the	toString	method	is	supposed	to	convert	the	object	into	a	piece	of	yarn.	It	would	not	be	possible	for	an
object	to	conform	to	both	that	interface	and	the	standard	use	of	toString.	That	would	be	a	bad	idea,	and	this	problem	isn’t	that	common.	Most	JavaScript	programmers	simply	don’t	think	about	it.	But	the	language	designers,	whose	job	it	is	to	think	about	this	stuff,	have	provided	us	with	a	solution	anyway.	When	I	claimed	that	property	names	are
strings,	that	wasn’t	entirely	accurate.	They	usually	are,	but	they	can	also	be	symbols.	Symbols	are	values	created	with	the	Symbol	function.	Unlike	strings,	newly	created	symbols	are	unique—you	cannot	create	the	same	symbol	twice.	let	sym	=	Symbol("name");	console.log(sym	==	Symbol("name"));	Rabbit.prototype[sym]	=	55;
console.log(blackRabbit[sym]);	The	string	you	pass	to	Symbol	is	included	when	you	convert	it	to	a	string	and	can	make	it	easier	to	recognize	a	symbol	when,	for	example,	showing	it	in	the	console.	But	it	has	no	meaning	beyond	that—multiple	symbols	may	have	the	same	name.	Being	both	unique	and	usable	as	property	names	makes	symbols	suitable	for
defining	interfaces	that	can	peacefully	live	alongside	other	properties,	no	matter	what	their	names	are.	const	toStringSymbol	=	Symbol("toString");	Array.prototype[toStringSymbol]	=	function()	{	return	`${this.length}	cm	of	blue	yarn`;	};	console.log([1,	2].toString());	console.log([1,	2][toStringSymbol]());	It	is	possible	to	include	symbol	properties	in
object	expressions	and	classes	by	using	square	brackets	around	the	property	name.	That	causes	the	property	name	to	be	evaluated,	much	like	the	square	bracket	property	access	notation,	which	allows	us	to	refer	to	a	binding	that	holds	the	symbol.	let	stringObject	=	{	[toStringSymbol]()	{	return	"a	jute	rope";	}	};
console.log(stringObject[toStringSymbol]());	The	iterator	interface	The	object	given	to	a	for/of	loop	is	expected	to	be	iterable.	This	means	it	has	a	method	named	with	the	Symbol.iterator	symbol	(a	symbol	value	defined	by	the	language,	stored	as	a	property	of	the	Symbol	function).	When	called,	that	method	should	return	an	object	that	provides	a
second	interface,	iterator.	This	is	the	actual	thing	that	iterates.	It	has	a	next	method	that	returns	the	next	result.	That	result	should	be	an	object	with	a	value	property	that	provides	the	next	value,	if	there	is	one,	and	a	done	property,	which	should	be	true	when	there	are	no	more	results	and	false	otherwise.	Note	that	the	next,	value,	and	done	property
names	are	plain	strings,	not	symbols.	Only	Symbol.iterator,	which	is	likely	to	be	added	to	a	lot	of	different	objects,	is	an	actual	symbol.	We	can	directly	use	this	interface	ourselves.	let	okIterator	=	"OK"[Symbol.iterator]();	console.log(okIterator.next());	console.log(okIterator.next());	console.log(okIterator.next());	Let’s	implement	an	iterable	data
structure.	We’ll	build	a	matrix	class,	acting	as	a	two-dimensional	array.	class	Matrix	{	constructor(width,	height,	element	=	(x,	y)	=>	undefined)	{	this.width	=	width;	this.height	=	height;	this.content	=	[];	for	(let	y	=	0;	y	<	height;	y++)	{	for	(let	x	=	0;	x	<	width;	x++)	{	this.content[y	*	width	+	x]	=	element(x,	y);	}	}	}	get(x,	y)	{	return	this.content[y	*
this.width	+	x];	}	set(x,	y,	value)	{	this.content[y	*	this.width	+	x]	=	value;	}	}	The	class	stores	its	content	in	a	single	array	of	width	×	height	elements.	The	elements	are	stored	row	by	row,	so,	for	example,	the	third	element	in	the	fifth	row	is	(using	zero-based	indexing)	stored	at	position	4	×	width	+	2.	The	constructor	function	takes	a	width,	a	height,
and	an	optional	element	function	that	will	be	used	to	fill	in	the	initial	values.	There	are	get	and	set	methods	to	retrieve	and	update	elements	in	the	matrix.	When	looping	over	a	matrix,	you	are	usually	interested	in	the	position	of	the	elements	as	well	as	the	elements	themselves,	so	we’ll	have	our	iterator	produce	objects	with	x,	y,	and	value	properties.
class	MatrixIterator	{	constructor(matrix)	{	this.x	=	0;	this.y	=	0;	this.matrix	=	matrix;	}	next()	{	if	(this.y	==	this.matrix.height)	return	{done:	true};	let	value	=	{x:	this.x,	y:	this.y,	value:	this.matrix.get(this.x,	this.y)};	this.x++;	if	(this.x	==	this.matrix.width)	{	this.x	=	0;	this.y++;	}	return	{value,	done:	false};	}	}	The	class	tracks	the	progress	of
iterating	over	a	matrix	in	its	x	and	y	properties.	The	next	method	starts	by	checking	whether	the	bottom	of	the	matrix	has	been	reached.	If	it	hasn’t,	it	first	creates	the	object	holding	the	current	value	and	then	updates	its	position,	moving	to	the	next	row	if	necessary.	Let’s	set	up	the	Matrix	class	to	be	iterable.	Throughout	this	book,	I’ll	occasionally	use
after-the-fact	prototype	manipulation	to	add	methods	to	classes	so	that	the	individual	pieces	of	code	remain	small	and	self-contained.	In	a	regular	program,	where	there	is	no	need	to	split	the	code	into	small	pieces,	you’d	declare	these	methods	directly	in	the	class	instead.	Matrix.prototype[Symbol.iterator]	=	function()	{	return	new	MatrixIterator(this);
};	We	can	now	loop	over	a	matrix	with	for/of.	let	matrix	=	new	Matrix(2,	2,	(x,	y)	=>	`value	${x},${y}`);	for	(let	{x,	y,	value}	of	matrix)	{	console.log(x,	y,	value);	}	Getters,	setters,	and	statics	Interfaces	often	consist	mostly	of	methods,	but	it	is	also	okay	to	include	properties	that	hold	non-function	values.	For	example,	Map	objects	have	a	size	property
that	tells	you	how	many	keys	are	stored	in	them.	It	is	not	even	necessary	for	such	an	object	to	compute	and	store	such	a	property	directly	in	the	instance.	Even	properties	that	are	accessed	directly	may	hide	a	method	call.	Such	methods	are	called	getters,	and	they	are	defined	by	writing	get	in	front	of	the	method	name	in	an	object	expression	or	class
declaration.	let	varyingSize	=	{	get	size()	{	return	Math.floor(Math.random()	*	100);	}	};	console.log(varyingSize.size);	console.log(varyingSize.size);	Whenever	someone	reads	from	this	object’s	size	property,	the	associated	method	is	called.	You	can	do	a	similar	thing	when	a	property	is	written	to,	using	a	setter.	class	Temperature	{
constructor(celsius)	{	this.celsius	=	celsius;	}	get	fahrenheit()	{	return	this.celsius	*	1.8	+	32;	}	set	fahrenheit(value)	{	this.celsius	=	(value	-	32)	/	1.8;	}	static	fromFahrenheit(value)	{	return	new	Temperature((value	-	32)	/	1.8);	}	}	let	temp	=	new	Temperature(22);	console.log(temp.fahrenheit);	temp.fahrenheit	=	86;	console.log(temp.celsius);	The
Temperature	class	allows	you	to	read	and	write	the	temperature	in	either	degrees	Celsius	or	degrees	Fahrenheit,	but	internally	it	stores	only	Celsius	and	automatically	converts	to	and	from	Celsius	in	the	fahrenheit	getter	and	setter.	Sometimes	you	want	to	attach	some	properties	directly	to	your	constructor	function,	rather	than	to	the	prototype.	Such
methods	won’t	have	access	to	a	class	instance	but	can,	for	example,	be	used	to	provide	additional	ways	to	create	instances.	Inside	a	class	declaration,	methods	that	have	static	written	before	their	name	are	stored	on	the	constructor.	So	the	Temperature	class	allows	you	to	write	Temperature.fromFahrenheit(100)	to	create	a	temperature	using	degrees
Fahrenheit.	Inheritance	Some	matrices	are	known	to	be	symmetric.	If	you	mirror	a	symmetric	matrix	around	its	top-left-to-bottom-right	diagonal,	it	stays	the	same.	In	other	words,	the	value	stored	at	x,y	is	always	the	same	as	that	at	y,x.	Imagine	we	need	a	data	structure	like	Matrix	but	one	that	enforces	the	fact	that	the	matrix	is	and	remains
symmetrical.	We	could	write	it	from	scratch,	but	that	would	involve	repeating	some	code	very	similar	to	what	we	already	wrote.	JavaScript’s	prototype	system	makes	it	possible	to	create	a	new	class,	much	like	the	old	class,	but	with	new	definitions	for	some	of	its	properties.	The	prototype	for	the	new	class	derives	from	the	old	prototype	but	adds	a	new
definition	for,	say,	the	set	method.	In	object-oriented	programming	terms,	this	is	called	inheritance.	The	new	class	inherits	properties	and	behavior	from	the	old	class.	class	SymmetricMatrix	extends	Matrix	{	constructor(size,	element	=	(x,	y)	=>	undefined)	{	super(size,	size,	(x,	y)	=>	{	if	(x	<	y)	return	element(y,	x);	else	return	element(x,	y);	});	}
set(x,	y,	value)	{	super.set(x,	y,	value);	if	(x	!=	y)	{	super.set(y,	x,	value);	}	}	}	let	matrix	=	new	SymmetricMatrix(5,	(x,	y)	=>	`${x},${y}`);	console.log(matrix.get(2,	3));	The	use	of	the	word	extends	indicates	that	this	class	shouldn’t	be	directly	based	on	the	default	Object	prototype	but	on	some	other	class.	This	is	called	the	superclass.	The	derived
class	is	the	subclass.	To	initialize	a	SymmetricMatrix	instance,	the	constructor	calls	its	superclass’s	constructor	through	the	super	keyword.	This	is	necessary	because	if	this	new	object	is	to	behave	(roughly)	like	a	Matrix,	it	is	going	to	need	the	instance	properties	that	matrices	have.	To	ensure	the	matrix	is	symmetrical,	the	constructor	wraps	the
element	function	to	swap	the	coordinates	for	values	below	the	diagonal.	The	set	method	again	uses	super	but	this	time	not	to	call	the	constructor	but	to	call	a	specific	method	from	the	superclass’s	set	of	methods.	We	are	redefining	set	but	do	want	to	use	the	original	behavior.	Because	this.set	refers	to	the	new	set	method,	calling	that	wouldn’t	work.
Inside	class	methods,	super	provides	a	way	to	call	methods	as	they	were	defined	in	the	superclass.	Inheritance	allows	us	to	build	slightly	different	data	types	from	existing	data	types	with	relatively	little	work.	It	is	a	fundamental	part	of	the	object-oriented	tradition,	alongside	encapsulation	and	polymorphism.	But	while	the	latter	two	are	now	generally
regarded	as	wonderful	ideas,	inheritance	is	more	controversial.	Whereas	encapsulation	and	polymorphism	can	be	used	to	separate	pieces	of	code	from	each	other,	reducing	the	tangledness	of	the	overall	program,	inheritance	fundamentally	ties	classes	together,	creating	more	tangle.	When	inheriting	from	a	class,	you	usually	have	to	know	more	about
how	it	works	than	when	simply	using	it.	Inheritance	can	be	a	useful	tool,	and	I	use	it	now	and	then	in	my	own	programs,	but	it	shouldn’t	be	the	first	tool	you	reach	for,	and	you	probably	shouldn’t	actively	go	looking	for	opportunities	to	construct	class	hierarchies	(family	trees	of	classes).	The	instanceof	operator	It	is	occasionally	useful	to	know	whether
an	object	was	derived	from	a	specific	class.	For	this,	JavaScript	provides	a	binary	operator	called	instanceof.	console.log(	new	SymmetricMatrix(2)	instanceof	SymmetricMatrix);	console.log(new	SymmetricMatrix(2)	instanceof	Matrix);	console.log(new	Matrix(2,	2)	instanceof	SymmetricMatrix);	console.log([1]	instanceof	Array);	The	operator	will	see
through	inherited	types,	so	a	SymmetricMatrix	is	an	instance	of	Matrix.	The	operator	can	also	be	applied	to	standard	constructors	like	Array.	Almost	every	object	is	an	instance	of	Object.	Summary	So	objects	do	more	than	just	hold	their	own	properties.	They	have	prototypes,	which	are	other	objects.	They’ll	act	as	if	they	have	properties	they	don’t	have
as	long	as	their	prototype	has	that	property.	Simple	objects	have	Object.prototype	as	their	prototype.	Constructors,	which	are	functions	whose	names	usually	start	with	a	capital	letter,	can	be	used	with	the	new	operator	to	create	new	objects.	The	new	object’s	prototype	will	be	the	object	found	in	the	prototype	property	of	the	constructor.	You	can	make
good	use	of	this	by	putting	the	properties	that	all	values	of	a	given	type	share	into	their	prototype.	There’s	a	class	notation	that	provides	a	clear	way	to	define	a	constructor	and	its	prototype.	You	can	define	getters	and	setters	to	secretly	call	methods	every	time	an	object’s	property	is	accessed.	Static	methods	are	methods	stored	in	a	class’s	constructor,
rather	than	its	prototype.	The	instanceof	operator	can,	given	an	object	and	a	constructor,	tell	you	whether	that	object	is	an	instance	of	that	constructor.	One	useful	thing	to	do	with	objects	is	to	specify	an	interface	for	them	and	tell	everybody	that	they	are	supposed	to	talk	to	your	object	only	through	that	interface.	The	rest	of	the	details	that	make	up
your	object	are	now	encapsulated,	hidden	behind	the	interface.	More	than	one	type	may	implement	the	same	interface.	Code	written	to	use	an	interface	automatically	knows	how	to	work	with	any	number	of	different	objects	that	provide	the	interface.	This	is	called	polymorphism.	When	implementing	multiple	classes	that	differ	in	only	some	details,	it
can	be	helpful	to	write	the	new	classes	as	subclasses	of	an	existing	class,	inheriting	part	of	its	behavior.	Exercises	A	vector	type	Write	a	class	Vec	that	represents	a	vector	in	two-dimensional	space.	It	takes	x	and	y	parameters	(numbers),	which	it	should	save	to	properties	of	the	same	name.	Give	the	Vec	prototype	two	methods,	plus	and	minus,	that	take
another	vector	as	a	parameter	and	return	a	new	vector	that	has	the	sum	or	difference	of	the	two	vectors’	(this	and	the	parameter)	x	and	y	values.	Add	a	getter	property	length	to	the	prototype	that	computes	the	length	of	the	vector—that	is,	the	distance	of	the	point	(x,	y)	from	the	origin	(0,	0).	console.log(new	Vec(1,	2).plus(new	Vec(2,	3)));
console.log(new	Vec(1,	2).minus(new	Vec(2,	3)));	console.log(new	Vec(3,	4).length);	Look	back	to	the	Rabbit	class	example	if	you’re	unsure	how	class	declarations	look.	Adding	a	getter	property	to	the	constructor	can	be	done	by	putting	the	word	get	before	the	method	name.	To	compute	the	distance	from	(0,	0)	to	(x,	y),	you	can	use	the	Pythagorean
theorem,	which	says	that	the	square	of	the	distance	we	are	looking	for	is	equal	to	the	square	of	the	x-coordinate	plus	the	square	of	the	y-coordinate.	Thus,	√(x2	+	y2)	is	the	number	you	want,	and	Math.sqrt	is	the	way	you	compute	a	square	root	in	JavaScript.	Groups	The	standard	JavaScript	environment	provides	another	data	structure	called	Set.	Like
an	instance	of	Map,	a	set	holds	a	collection	of	values.	Unlike	Map,	it	does	not	associate	other	values	with	those—it	just	tracks	which	values	are	part	of	the	set.	A	value	can	be	part	of	a	set	only	once—adding	it	again	doesn’t	have	any	effect.	Write	a	class	called	Group	(since	Set	is	already	taken).	Like	Set,	it	has	add,	delete,	and	has	methods.	Its
constructor	creates	an	empty	group,	add	adds	a	value	to	the	group	(but	only	if	it	isn’t	already	a	member),	delete	removes	its	argument	from	the	group	(if	it	was	a	member),	and	has	returns	a	Boolean	value	indicating	whether	its	argument	is	a	member	of	the	group.	Use	the	===	operator,	or	something	equivalent	such	as	indexOf,	to	determine	whether
two	values	are	the	same.	Give	the	class	a	static	from	method	that	takes	an	iterable	object	as	argument	and	creates	a	group	that	contains	all	the	values	produced	by	iterating	over	it.	class	Group	{	}	let	group	=	Group.from([10,	20]);	console.log(group.has(10));	console.log(group.has(30));	group.add(10);	group.delete(10);	console.log(group.has(10));	The
easiest	way	to	do	this	is	to	store	an	array	of	group	members	in	an	instance	property.	The	includes	or	indexOf	methods	can	be	used	to	check	whether	a	given	value	is	in	the	array.	Your	class’s	constructor	can	set	the	member	collection	to	an	empty	array.	When	add	is	called,	it	must	check	whether	the	given	value	is	in	the	array	or	add	it,	for	example	with
push,	otherwise.	Deleting	an	element	from	an	array,	in	delete,	is	less	straightforward,	but	you	can	use	filter	to	create	a	new	array	without	the	value.	Don’t	forget	to	overwrite	the	property	holding	the	members	with	the	newly	filtered	version	of	the	array.	The	from	method	can	use	a	for/of	loop	to	get	the	values	out	of	the	iterable	object	and	call	add	to	put
them	into	a	newly	created	group.	Iterable	groups	Make	the	Group	class	from	the	previous	exercise	iterable.	Refer	to	the	section	about	the	iterator	interface	earlier	in	the	chapter	if	you	aren’t	clear	on	the	exact	form	of	the	interface	anymore.	If	you	used	an	array	to	represent	the	group’s	members,	don’t	just	return	the	iterator	created	by	calling	the
Symbol.iterator	method	on	the	array.	That	would	work,	but	it	defeats	the	purpose	of	this	exercise.	It	is	okay	if	your	iterator	behaves	strangely	when	the	group	is	modified	during	iteration.	for	(let	value	of	Group.from(["a",	"b",	"c"]))	{	console.log(value);	}	It	is	probably	worthwhile	to	define	a	new	class	GroupIterator.	Iterator	instances	should	have	a
property	that	tracks	the	current	position	in	the	group.	Every	time	next	is	called,	it	checks	whether	it	is	done	and,	if	not,	moves	past	the	current	value	and	returns	it.	The	Group	class	itself	gets	a	method	named	by	Symbol.iterator	that,	when	called,	returns	a	new	instance	of	the	iterator	class	for	that	group.	Borrowing	a	method	Earlier	in	the	chapter	I
mentioned	that	an	object’s	hasOwnProperty	can	be	used	as	a	more	robust	alternative	to	the	in	operator	when	you	want	to	ignore	the	prototype’s	properties.	But	what	if	your	map	needs	to	include	the	word	"hasOwnProperty"?	You	won’t	be	able	to	call	that	method	anymore	because	the	object’s	own	property	hides	the	method	value.	Can	you	think	of	a
way	to	call	hasOwnProperty	on	an	object	that	has	its	own	property	by	that	name?	let	map	=	{one:	true,	two:	true,	hasOwnProperty:	true};	console.log(map.hasOwnProperty("one"));	Remember	that	methods	that	exist	on	plain	objects	come	from	Object.prototype.	Also	remember	that	you	can	call	a	function	with	a	specific	this	binding	by	using	its	call
method.	◀	◆	▶	Page	8	◀	◆	▶	On	two	occasions	I	have	been	asked,	‘Pray,	Mr.	Babbage,	if	you	put	into	the	machine	wrong	figures,	will	the	right	answers	come	out?’	[...]	I	am	not	able	rightly	to	apprehend	the	kind	of	confusion	of	ideas	that	could	provoke	such	a	question.	Charles	Babbage,	Passages	from	the	Life	of	a	Philosopher	(1864)	Numbers,
Booleans,	and	strings	are	the	atoms	that	data	structures	are	built	from.	Many	types	of	information	require	more	than	one	atom,	though.	Objects	allow	us	to	group	values—including	other	objects—to	build	more	complex	structures.	The	programs	we	have	built	so	far	have	been	limited	by	the	fact	that	they	were	operating	only	on	simple	data	types.	This
chapter	will	introduce	basic	data	structures.	By	the	end	of	it,	you’ll	know	enough	to	start	writing	useful	programs.	The	chapter	will	work	through	a	more	or	less	realistic	programming	example,	introducing	concepts	as	they	apply	to	the	problem	at	hand.	The	example	code	will	often	build	on	functions	and	bindings	that	were	introduced	earlier	in	the	text.
The	weresquirrel	Every	now	and	then,	usually	between	8	p.m.	and	10	p.m.,	Jacques	finds	himself	transforming	into	a	small	furry	rodent	with	a	bushy	tail.	On	one	hand,	Jacques	is	quite	glad	that	he	doesn’t	have	classic	lycanthropy.	Turning	into	a	squirrel	does	cause	fewer	problems	than	turning	into	a	wolf.	Instead	of	having	to	worry	about	accidentally
eating	the	neighbor	(that	would	be	awkward),	he	worries	about	being	eaten	by	the	neighbor’s	cat.	After	two	occasions	where	he	woke	up	on	a	precariously	thin	branch	in	the	crown	of	an	oak,	naked	and	disoriented,	he	has	taken	to	locking	the	doors	and	windows	of	his	room	at	night	and	putting	a	few	walnuts	on	the	floor	to	keep	himself	busy.	That	takes
care	of	the	cat	and	tree	problems.	But	Jacques	would	prefer	to	get	rid	of	his	condition	entirely.	The	irregular	occurrences	of	the	transformation	make	him	suspect	that	they	might	be	triggered	by	something.	For	a	while,	he	believed	that	it	happened	only	on	days	when	he	had	been	near	oak	trees.	But	avoiding	oak	trees	did	not	stop	the	problem.
Switching	to	a	more	scientific	approach,	Jacques	has	started	keeping	a	daily	log	of	everything	he	does	on	a	given	day	and	whether	he	changed	form.	With	this	data	he	hopes	to	narrow	down	the	conditions	that	trigger	the	transformations.	The	first	thing	he	needs	is	a	data	structure	to	store	this	information.	Data	sets	To	work	with	a	chunk	of	digital	data,
we’ll	first	have	to	find	a	way	to	represent	it	in	our	machine’s	memory.	Say,	for	example,	that	we	want	to	represent	a	collection	of	the	numbers	2,	3,	5,	7,	and	11.	We	could	get	creative	with	strings—after	all,	strings	can	have	any	length,	so	we	can	put	a	lot	of	data	into	them—and	use	"2	3	5	7	11"	as	our	representation.	But	this	is	awkward.	You’d	have	to
somehow	extract	the	digits	and	convert	them	back	to	numbers	to	access	them.	Fortunately,	JavaScript	provides	a	data	type	specifically	for	storing	sequences	of	values.	It	is	called	an	array	and	is	written	as	a	list	of	values	between	square	brackets,	separated	by	commas.	let	listOfNumbers	=	[2,	3,	5,	7,	11];	console.log(listOfNumbers[2]);
console.log(listOfNumbers[0]);	console.log(listOfNumbers[2	-	1]);	The	notation	for	getting	at	the	elements	inside	an	array	also	uses	square	brackets.	A	pair	of	square	brackets	immediately	after	an	expression,	with	another	expression	inside	of	them,	will	look	up	the	element	in	the	left-hand	expression	that	corresponds	to	the	index	given	by	the
expression	in	the	brackets.	The	first	index	of	an	array	is	zero,	not	one.	So	the	first	element	is	retrieved	with	listOfNumbers[0].	Zero-based	counting	has	a	long	tradition	in	technology	and	in	certain	ways	makes	a	lot	of	sense,	but	it	takes	some	getting	used	to.	Think	of	the	index	as	the	amount	of	items	to	skip,	counting	from	the	start	of	the	array.
Properties	We’ve	seen	a	few	suspicious-looking	expressions	like	myString.length	(to	get	the	length	of	a	string)	and	Math.max	(the	maximum	function)	in	past	chapters.	These	are	expressions	that	access	a	property	of	some	value.	In	the	first	case,	we	access	the	length	property	of	the	value	in	myString.	In	the	second,	we	access	the	property	named	max	in
the	Math	object	(which	is	a	collection	of	mathematics-related	constants	and	functions).	Almost	all	JavaScript	values	have	properties.	The	exceptions	are	null	and	undefined.	If	you	try	to	access	a	property	on	one	of	these	nonvalues,	you	get	an	error.	null.length;	The	two	main	ways	to	access	properties	in	JavaScript	are	with	a	dot	and	with	square
brackets.	Both	value.x	and	value[x]	access	a	property	on	value—but	not	necessarily	the	same	property.	The	difference	is	in	how	x	is	interpreted.	When	using	a	dot,	the	word	after	the	dot	is	the	literal	name	of	the	property.	When	using	square	brackets,	the	expression	between	the	brackets	is	evaluated	to	get	the	property	name.	Whereas	value.x	fetches
the	property	of	value	named	“x”,	value[x]	tries	to	evaluate	the	expression	x	and	uses	the	result,	converted	to	a	string,	as	the	property	name.	So	if	you	know	that	the	property	you	are	interested	in	is	called	color,	you	say	value.color.	If	you	want	to	extract	the	property	named	by	the	value	held	in	the	binding	i,	you	say	value[i].	Property	names	are	strings.
They	can	be	any	string,	but	the	dot	notation	works	only	with	names	that	look	like	valid	binding	names.	So	if	you	want	to	access	a	property	named	2	or	John	Doe,	you	must	use	square	brackets:	value[2]	or	value["John	Doe"].	The	elements	in	an	array	are	stored	as	the	array’s	properties,	using	numbers	as	property	names.	Because	you	can’t	use	the	dot
notation	with	numbers	and	usually	want	to	use	a	binding	that	holds	the	index	anyway,	you	have	to	use	the	bracket	notation	to	get	at	them.	The	length	property	of	an	array	tells	us	how	many	elements	it	has.	This	property	name	is	a	valid	binding	name,	and	we	know	its	name	in	advance,	so	to	find	the	length	of	an	array,	you	typically	write	array.length
because	that’s	easier	to	write	than	array["length"].	Methods	Both	string	and	array	values	contain,	in	addition	to	the	length	property,	a	number	of	properties	that	hold	function	values.	let	doh	=	"Doh";	console.log(typeof	doh.toUpperCase);	console.log(doh.toUpperCase());	Every	string	has	a	toUpperCase	property.	When	called,	it	will	return	a	copy	of	the
string	in	which	all	letters	have	been	converted	to	uppercase.	There	is	also	toLowerCase,	going	the	other	way.	Interestingly,	even	though	the	call	to	toUpperCase	does	not	pass	any	arguments,	the	function	somehow	has	access	to	the	string	"Doh",	the	value	whose	property	we	called.	How	this	works	is	described	in	Chapter	6.	Properties	that	contain
functions	are	generally	called	methods	of	the	value	they	belong	to,	as	in	“toUpperCase	is	a	method	of	a	string”.	This	example	demonstrates	two	methods	you	can	use	to	manipulate	arrays:	let	sequence	=	[1,	2,	3];	sequence.push(4);	sequence.push(5);	console.log(sequence);	console.log(sequence.pop());	console.log(sequence);	The	push	method	adds
values	to	the	end	of	an	array,	and	the	pop	method	does	the	opposite,	removing	the	last	value	in	the	array	and	returning	it.	These	somewhat	silly	names	are	the	traditional	terms	for	operations	on	a	stack.	A	stack,	in	programming,	is	a	data	structure	that	allows	you	to	push	values	into	it	and	pop	them	out	again	in	the	opposite	order	so	that	the	thing	that
was	added	last	is	removed	first.	These	are	common	in	programming—you	might	remember	the	function	call	stack	from	the	previous	chapter,	which	is	an	instance	of	the	same	idea.	Objects	Back	to	the	weresquirrel.	A	set	of	daily	log	entries	can	be	represented	as	an	array.	But	the	entries	do	not	consist	of	just	a	number	or	a	string—each	entry	needs	to
store	a	list	of	activities	and	a	Boolean	value	that	indicates	whether	Jacques	turned	into	a	squirrel	or	not.	Ideally,	we	would	like	to	group	these	together	into	a	single	value	and	then	put	those	grouped	values	into	an	array	of	log	entries.	Values	of	the	type	object	are	arbitrary	collections	of	properties.	One	way	to	create	an	object	is	by	using	braces	as	an
expression.	let	day1	=	{	squirrel:	false,	events:	["work",	"touched	tree",	"pizza",	"running"]	};	console.log(day1.squirrel);	console.log(day1.wolf);	day1.wolf	=	false;	console.log(day1.wolf);	Inside	the	braces,	there	is	a	list	of	properties	separated	by	commas.	Each	property	has	a	name	followed	by	a	colon	and	a	value.	When	an	object	is	written	over
multiple	lines,	indenting	it	like	in	the	example	helps	with	readability.	Properties	whose	names	aren’t	valid	binding	names	or	valid	numbers	have	to	be	quoted.	let	descriptions	=	{	work:	"Went	to	work",	"touched	tree":	"Touched	a	tree"	};	This	means	that	braces	have	two	meanings	in	JavaScript.	At	the	start	of	a	statement,	they	start	a	block	of
statements.	In	any	other	position,	they	describe	an	object.	Fortunately,	it	is	rarely	useful	to	start	a	statement	with	an	object	in	braces,	so	the	ambiguity	between	these	two	is	not	much	of	a	problem.	Reading	a	property	that	doesn’t	exist	will	give	you	the	value	undefined.	It	is	possible	to	assign	a	value	to	a	property	expression	with	the	=	operator.	This
will	replace	the	property’s	value	if	it	already	existed	or	create	a	new	property	on	the	object	if	it	didn’t.	To	briefly	return	to	our	tentacle	model	of	bindings—property	bindings	are	similar.	They	grasp	values,	but	other	bindings	and	properties	might	be	holding	onto	those	same	values.	You	may	think	of	objects	as	octopuses	with	any	number	of	tentacles,
each	of	which	has	a	name	tattooed	on	it.	The	delete	operator	cuts	off	a	tentacle	from	such	an	octopus.	It	is	a	unary	operator	that,	when	applied	to	an	object	property,	will	remove	the	named	property	from	the	object.	This	is	not	a	common	thing	to	do,	but	it	is	possible.	let	anObject	=	{left:	1,	right:	2};	console.log(anObject.left);	delete	anObject.left;
console.log(anObject.left);	console.log("left"	in	anObject);	console.log("right"	in	anObject);	The	binary	in	operator,	when	applied	to	a	string	and	an	object,	tells	you	whether	that	object	has	a	property	with	that	name.	The	difference	between	setting	a	property	to	undefined	and	actually	deleting	it	is	that,	in	the	first	case,	the	object	still	has	the	property	(it
just	doesn’t	have	a	very	interesting	value),	whereas	in	the	second	case	the	property	is	no	longer	present	and	in	will	return	false.	To	find	out	what	properties	an	object	has,	you	can	use	the	Object.keys	function.	You	give	it	an	object,	and	it	returns	an	array	of	strings—the	object’s	property	names.	console.log(Object.keys({x:	0,	y:	0,	z:	2}));	There’s	an
Object.assign	function	that	copies	all	properties	from	one	object	into	another.	let	objectA	=	{a:	1,	b:	2};	Object.assign(objectA,	{b:	3,	c:	4});	console.log(objectA);	Arrays,	then,	are	just	a	kind	of	object	specialized	for	storing	sequences	of	things.	If	you	evaluate	typeof	[],	it	produces	"object".	You	can	see	them	as	long,	flat	octopuses	with	all	their	tentacles
in	a	neat	row,	labeled	with	numbers.	We	will	represent	the	journal	that	Jacques	keeps	as	an	array	of	objects.	let	journal	=	[	{events:	["work",	"touched	tree",	"pizza",	"running",	"television"],	squirrel:	false},	{events:	["work",	"ice	cream",	"cauliflower",	"lasagna",	"touched	tree",	"brushed	teeth"],	squirrel:	false},	{events:	["weekend",	"cycling",	"break",
"peanuts",	"beer"],	squirrel:	true},	];	Mutability	We	will	get	to	actual	programming	real	soon	now.	First	there’s	one	more	piece	of	theory	to	understand.	We	saw	that	object	values	can	be	modified.	The	types	of	values	discussed	in	earlier	chapters,	such	as	numbers,	strings,	and	Booleans,	are	all	immutable—it	is	impossible	to	change	values	of	those	types.
You	can	combine	them	and	derive	new	values	from	them,	but	when	you	take	a	specific	string	value,	that	value	will	always	remain	the	same.	The	text	inside	it	cannot	be	changed.	If	you	have	a	string	that	contains	"cat",	it	is	not	possible	for	other	code	to	change	a	character	in	your	string	to	make	it	spell	"rat".	Objects	work	differently.	You	can	change
their	properties,	causing	a	single	object	value	to	have	different	content	at	different	times.	When	we	have	two	numbers,	120	and	120,	we	can	consider	them	precisely	the	same	number,	whether	or	not	they	refer	to	the	same	physical	bits.	With	objects,	there	is	a	difference	between	having	two	references	to	the	same	object	and	having	two	different	objects
that	contain	the	same	properties.	Consider	the	following	code:	let	object1	=	{value:	10};	let	object2	=	object1;	let	object3	=	{value:	10};	console.log(object1	==	object2);	console.log(object1	==	object3);	object1.value	=	15;	console.log(object2.value);	console.log(object3.value);	The	object1	and	object2	bindings	grasp	the	same	object,	which	is	why
changing	object1	also	changes	the	value	of	object2.	They	are	said	to	have	the	same	identity.	The	binding	object3	points	to	a	different	object,	which	initially	contains	the	same	properties	as	object1	but	lives	a	separate	life.	Bindings	can	also	be	changeable	or	constant,	but	this	is	separate	from	the	way	their	values	behave.	Even	though	number	values
don’t	change,	you	can	use	a	let	binding	to	keep	track	of	a	changing	number	by	changing	the	value	the	binding	points	at.	Similarly,	though	a	const	binding	to	an	object	can	itself	not	be	changed	and	will	continue	to	point	at	the	same	object,	the	contents	of	that	object	might	change.	const	score	=	{visitors:	0,	home:	0};	score.visitors	=	1;	score	=	{visitors:
1,	home:	1};	When	you	compare	objects	with	JavaScript’s	==	operator,	it	compares	by	identity:	it	will	produce	true	only	if	both	objects	are	precisely	the	same	value.	Comparing	different	objects	will	return	false,	even	if	they	have	identical	properties.	There	is	no	“deep”	comparison	operation	built	into	JavaScript,	which	compares	objects	by	contents,	but
it	is	possible	to	write	it	yourself	(which	is	one	of	the	exercises	at	the	end	of	this	chapter).	The	lycanthrope’s	log	So,	Jacques	starts	up	his	JavaScript	interpreter	and	sets	up	the	environment	he	needs	to	keep	his	journal.	let	journal	=	[];	function	addEntry(events,	squirrel)	{	journal.push({events,	squirrel});	}	Note	that	the	object	added	to	the	journal	looks
a	little	odd.	Instead	of	declaring	properties	like	events:	events,	it	just	gives	a	property	name.	This	is	shorthand	that	means	the	same	thing—if	a	property	name	in	brace	notation	isn’t	followed	by	a	value,	its	value	is	taken	from	the	binding	with	the	same	name.	So	then,	every	evening	at	10	p.m.—or	sometimes	the	next	morning,	after	climbing	down	from
the	top	shelf	of	his	bookcase—Jacques	records	the	day.	addEntry(["work",	"touched	tree",	"pizza",	"running",	"television"],	false);	addEntry(["work",	"ice	cream",	"cauliflower",	"lasagna",	"touched	tree",	"brushed	teeth"],	false);	addEntry(["weekend",	"cycling",	"break",	"peanuts",	"beer"],	true);	Once	he	has	enough	data	points,	he	intends	to	use	statistics
to	find	out	which	of	these	events	may	be	related	to	the	squirrelifications.	Correlation	is	a	measure	of	dependence	between	statistical	variables.	A	statistical	variable	is	not	quite	the	same	as	a	programming	variable.	In	statistics	you	typically	have	a	set	of	measurements,	and	each	variable	is	measured	for	every	measurement.	Correlation	between
variables	is	usually	expressed	as	a	value	that	ranges	from	-1	to	1.	Zero	correlation	means	the	variables	are	not	related.	A	correlation	of	one	indicates	that	the	two	are	perfectly	related—if	you	know	one,	you	also	know	the	other.	Negative	one	also	means	that	the	variables	are	perfectly	related	but	that	they	are	opposites—when	one	is	true,	the	other	is
false.	To	compute	the	measure	of	correlation	between	two	Boolean	variables,	we	can	use	the	phi	coefficient	(ϕ).	This	is	a	formula	whose	input	is	a	frequency	table	containing	the	number	of	times	the	different	combinations	of	the	variables	were	observed.	The	output	of	the	formula	is	a	number	between	-1	and	1	that	describes	the	correlation.	We	could
take	the	event	of	eating	pizza	and	put	that	in	a	frequency	table	like	this,	where	each	number	indicates	the	amount	of	times	that	combination	occurred	in	our	measurements:	If	we	call	that	table	n,	we	can	compute	ϕ	using	the	following	formula:	ϕ	=	n11n00	−	n10n01	√	n1•n0•n•1n•0	(If	at	this	point	you’re	putting	the	book	down	to	focus	on	a	terrible
flashback	to	10th	grade	math	class—hold	on!	I	do	not	intend	to	torture	you	with	endless	pages	of	cryptic	notation—it’s	just	this	one	formula	for	now.	And	even	with	this	one,	all	we	do	is	turn	it	into	JavaScript.)	The	notation	n01	indicates	the	number	of	measurements	where	the	first	variable	(squirrelness)	is	false	(0)	and	the	second	variable	(pizza)	is	true
(1).	In	the	pizza	table,	n01	is	9.	The	value	n1•	refers	to	the	sum	of	all	measurements	where	the	first	variable	is	true,	which	is	5	in	the	example	table.	Likewise,	n•0	refers	to	the	sum	of	the	measurements	where	the	second	variable	is	false.	So	for	the	pizza	table,	the	part	above	the	division	line	(the	dividend)	would	be	1×76−4×9	=	40,	and	the	part	below
it	(the	divisor)	would	be	the	square	root	of	5×85×10×80,	or	√340000.	This	comes	out	to	ϕ	≈	0.069,	which	is	tiny.	Eating	pizza	does	not	appear	to	have	influence	on	the	transformations.	Computing	correlation	We	can	represent	a	two-by-two	table	in	JavaScript	with	a	four-element	array	([76,	9,	4,	1]).	We	could	also	use	other	representations,	such	as	an
array	containing	two	two-element	arrays	([[76,	9],	[4,	1]])	or	an	object	with	property	names	like	"11"	and	"01",	but	the	flat	array	is	simple	and	makes	the	expressions	that	access	the	table	pleasantly	short.	We’ll	interpret	the	indices	to	the	array	as	two-bit	binary	numbers,	where	the	leftmost	(most	significant)	digit	refers	to	the	squirrel	variable	and	the
rightmost	(least	significant)	digit	refers	to	the	event	variable.	For	example,	the	binary	number	10	refers	to	the	case	where	Jacques	did	turn	into	a	squirrel,	but	the	event	(say,	“pizza”)	didn’t	occur.	This	happened	four	times.	And	since	binary	10	is	2	in	decimal	notation,	we	will	store	this	number	at	index	2	of	the	array.	This	is	the	function	that	computes
the	ϕ	coefficient	from	such	an	array:	function	phi(table)	{	return	(table[3]	*	table[0]	-	table[2]	*	table[1])	/	Math.sqrt((table[2]	+	table[3])	*	(table[0]	+	table[1])	*	(table[1]	+	table[3])	*	(table[0]	+	table[2]));	}	console.log(phi([76,	9,	4,	1]));	This	is	a	direct	translation	of	the	ϕ	formula	into	JavaScript.	Math.sqrt	is	the	square	root	function,	as	provided	by	the
Math	object	in	a	standard	JavaScript	environment.	We	have	to	add	two	fields	from	the	table	to	get	fields	like	n1•	because	the	sums	of	rows	or	columns	are	not	stored	directly	in	our	data	structure.	Jacques	kept	his	journal	for	three	months.	The	resulting	data	set	is	available	in	the	coding	sandbox	for	this	chapter,	where	it	is	stored	in	the	JOURNAL
binding	and	in	a	downloadable	file.	To	extract	a	two-by-two	table	for	a	specific	event	from	the	journal,	we	must	loop	over	all	the	entries	and	tally	how	many	times	the	event	occurs	in	relation	to	squirrel	transformations.	function	tableFor(event,	journal)	{	let	table	=	[0,	0,	0,	0];	for	(let	i	=	0;	i	<	journal.length;	i++)	{	let	entry	=	journal[i],	index	=	0;	if
(entry.events.includes(event))	index	+=	1;	if	(entry.squirrel)	index	+=	2;	table[index]	+=	1;	}	return	table;	}	console.log(tableFor("pizza",	JOURNAL));	Arrays	have	an	includes	method	that	checks	whether	a	given	value	exists	in	the	array.	The	function	uses	that	to	determine	whether	the	event	name	it	is	interested	in	is	part	of	the	event	list	for	a	given
day.	The	body	of	the	loop	in	tableFor	figures	out	which	box	in	the	table	each	journal	entry	falls	into	by	checking	whether	the	entry	contains	the	specific	event	it’s	interested	in	and	whether	the	event	happens	alongside	a	squirrel	incident.	The	loop	then	adds	one	to	the	correct	box	in	the	table.	We	now	have	the	tools	we	need	to	compute	individual
correlations.	The	only	step	remaining	is	to	find	a	correlation	for	every	type	of	event	that	was	recorded	and	see	whether	anything	stands	out.	Array	loops	In	the	tableFor	function,	there’s	a	loop	like	this:	for	(let	i	=	0;	i	<	JOURNAL.length;	i++)	{	let	entry	=	JOURNAL[i];	}	This	kind	of	loop	is	common	in	classical	JavaScript—going	over	arrays	one	element
at	a	time	is	something	that	comes	up	a	lot,	and	to	do	that	you’d	run	a	counter	over	the	length	of	the	array	and	pick	out	each	element	in	turn.	There	is	a	simpler	way	to	write	such	loops	in	modern	JavaScript.	for	(let	entry	of	JOURNAL)	{	console.log(`${entry.events.length}	events.`);	}	When	a	for	loop	looks	like	this,	with	the	word	of	after	a	variable
definition,	it	will	loop	over	the	elements	of	the	value	given	after	of.	This	works	not	only	for	arrays	but	also	for	strings	and	some	other	data	structures.	We’ll	discuss	how	it	works	in	Chapter	6.	The	final	analysis	We	need	to	compute	a	correlation	for	every	type	of	event	that	occurs	in	the	data	set.	To	do	that,	we	first	need	to	find	every	type	of	event.
function	journalEvents(journal)	{	let	events	=	[];	for	(let	entry	of	journal)	{	for	(let	event	of	entry.events)	{	if	(!events.includes(event))	{	events.push(event);	}	}	}	return	events;	}	console.log(journalEvents(JOURNAL));	By	going	over	all	the	events	and	adding	those	that	aren’t	already	in	there	to	the	events	array,	the	function	collects	every	type	of	event.
Using	that,	we	can	see	all	the	correlations.	for	(let	event	of	journalEvents(JOURNAL))	{	console.log(event	+	":",	phi(tableFor(event,	JOURNAL)));	}	Most	correlations	seem	to	lie	close	to	zero.	Eating	carrots,	bread,	or	pudding	apparently	does	not	trigger	squirrel-lycanthropy.	It	does	seem	to	occur	somewhat	more	often	on	weekends.	Let’s	filter	the
results	to	show	only	correlations	greater	than	0.1	or	less	than	-0.1.	for	(let	event	of	journalEvents(JOURNAL))	{	let	correlation	=	phi(tableFor(event,	JOURNAL));	if	(correlation	>	0.1	||	correlation	<	-0.1)	{	console.log(event	+	":",	correlation);	}	}	Aha!	There	are	two	factors	with	a	correlation	that’s	clearly	stronger	than	the	others.	Eating	peanuts	has	a
strong	positive	effect	on	the	chance	of	turning	into	a	squirrel,	whereas	brushing	his	teeth	has	a	significant	negative	effect.	Interesting.	Let’s	try	something.	for	(let	entry	of	JOURNAL)	{	if	(entry.events.includes("peanuts")	&&	!entry.events.includes("brushed	teeth"))	{	entry.events.push("peanut	teeth");	}	}	console.log(phi(tableFor("peanut	teeth",
JOURNAL)));	That’s	a	strong	result.	The	phenomenon	occurs	precisely	when	Jacques	eats	peanuts	and	fails	to	brush	his	teeth.	If	only	he	weren’t	such	a	slob	about	dental	hygiene,	he’d	have	never	even	noticed	his	affliction.	Knowing	this,	Jacques	stops	eating	peanuts	altogether	and	finds	that	his	transformations	don’t	come	back.	For	a	few	years,	things
go	great	for	Jacques.	But	at	some	point	he	loses	his	job.	Because	he	lives	in	a	nasty	country	where	having	no	job	means	having	no	medical	services,	he	is	forced	to	take	employment	with	a	circus	where	he	performs	as	The	Incredible	Squirrelman,	stuffing	his	mouth	with	peanut	butter	before	every	show.	One	day,	fed	up	with	this	pitiful	existence,	Jacques
fails	to	change	back	into	his	human	form,	hops	through	a	crack	in	the	circus	tent,	and	vanishes	into	the	forest.	He	is	never	seen	again.	Further	arrayology	Before	finishing	the	chapter,	I	want	to	introduce	you	to	a	few	more	object-related	concepts.	I’ll	start	by	introducing	some	generally	useful	array	methods.	We	saw	push	and	pop,	which	add	and
remove	elements	at	the	end	of	an	array,	earlier	in	this	chapter.	The	corresponding	methods	for	adding	and	removing	things	at	the	start	of	an	array	are	called	unshift	and	shift.	let	todoList	=	[];	function	remember(task)	{	todoList.push(task);	}	function	getTask()	{	return	todoList.shift();	}	function	rememberUrgently(task)	{	todoList.unshift(task);	}	That
program	manages	a	queue	of	tasks.	You	add	tasks	to	the	end	of	the	queue	by	calling	remember("groceries"),	and	when	you’re	ready	to	do	something,	you	call	getTask()	to	get	(and	remove)	the	front	item	from	the	queue.	The	rememberUrgently	function	also	adds	a	task	but	adds	it	to	the	front	instead	of	the	back	of	the	queue.	To	search	for	a	specific
value,	arrays	provide	an	indexOf	method.	The	method	searches	through	the	array	from	the	start	to	the	end	and	returns	the	index	at	which	the	requested	value	was	found—or	-1	if	it	wasn’t	found.	To	search	from	the	end	instead	of	the	start,	there’s	a	similar	method	called	lastIndexOf.	console.log([1,	2,	3,	2,	1].indexOf(2));	console.log([1,	2,	3,	2,
1].lastIndexOf(2));	Both	indexOf	and	lastIndexOf	take	an	optional	second	argument	that	indicates	where	to	start	searching.	Another	fundamental	array	method	is	slice,	which	takes	start	and	end	indices	and	returns	an	array	that	has	only	the	elements	between	them.	The	start	index	is	inclusive,	the	end	index	exclusive.	console.log([0,	1,	2,	3,	4].slice(2,
4));	console.log([0,	1,	2,	3,	4].slice(2));	When	the	end	index	is	not	given,	slice	will	take	all	of	the	elements	after	the	start	index.	You	can	also	omit	the	start	index	to	copy	the	entire	array.	The	concat	method	can	be	used	to	glue	arrays	together	to	create	a	new	array,	similar	to	what	the	+	operator	does	for	strings.	The	following	example	shows	both	concat
and	slice	in	action.	It	takes	an	array	and	an	index,	and	it	returns	a	new	array	that	is	a	copy	of	the	original	array	with	the	element	at	the	given	index	removed.	function	remove(array,	index)	{	return	array.slice(0,	index)	.concat(array.slice(index	+	1));	}	console.log(remove(["a",	"b",	"c",	"d",	"e"],	2));	If	you	pass	concat	an	argument	that	is	not	an	array,
that	value	will	be	added	to	the	new	array	as	if	it	were	a	one-element	array.	Strings	and	their	properties	We	can	read	properties	like	length	and	toUpperCase	from	string	values.	But	if	you	try	to	add	a	new	property,	it	doesn’t	stick.	let	kim	=	"Kim";	kim.age	=	88;	console.log(kim.age);	Values	of	type	string,	number,	and	Boolean	are	not	objects,	and
though	the	language	doesn’t	complain	if	you	try	to	set	new	properties	on	them,	it	doesn’t	actually	store	those	properties.	As	mentioned	earlier,	such	values	are	immutable	and	cannot	be	changed.	But	these	types	do	have	built-in	properties.	Every	string	value	has	a	number	of	methods.	Some	very	useful	ones	are	slice	and	indexOf,	which	resemble	the
array	methods	of	the	same	name.	console.log("coconuts".slice(4,	7));	console.log("coconut".indexOf("u"));	One	difference	is	that	a	string’s	indexOf	can	search	for	a	string	containing	more	than	one	character,	whereas	the	corresponding	array	method	looks	only	for	a	single	element.	console.log("one	two	three".indexOf("ee"));	The	trim	method	removes
whitespace	(spaces,	newlines,	tabs,	and	similar	characters)	from	the	start	and	end	of	a	string.	console.log("	okay	".trim());	The	zeroPad	function	from	the	previous	chapter	also	exists	as	a	method.	It	is	called	padStart	and	takes	the	desired	length	and	padding	character	as	arguments.	console.log(String(6).padStart(3,	"0"));	You	can	split	a	string	on	every
occurrence	of	another	string	with	split	and	join	it	again	with	join.	let	sentence	=	"Secretarybirds	specialize	in	stomping";	let	words	=	sentence.split("	");	console.log(words);	console.log(words.join(".	"));	A	string	can	be	repeated	with	the	repeat	method,	which	creates	a	new	string	containing	multiple	copies	of	the	original	string,	glued	together.
console.log("LA".repeat(3));	We	have	already	seen	the	string	type’s	length	property.	Accessing	the	individual	characters	in	a	string	looks	like	accessing	array	elements	(with	a	caveat	that	we’ll	discuss	in	Chapter	5).	let	string	=	"abc";	console.log(string.length);	console.log(string[1]);	Rest	parameters	It	can	be	useful	for	a	function	to	accept	any	number
of	arguments.	For	example,	Math.max	computes	the	maximum	of	all	the	arguments	it	is	given.	To	write	such	a	function,	you	put	three	dots	before	the	function’s	last	parameter,	like	this:	function	max(numbers)	{	let	result	=	-Infinity;	for	(let	number	of	numbers)	{	if	(number	>	result)	result	=	number;	}	return	result;	}	console.log(max(4,	1,	9,	-2));
When	such	a	function	is	called,	the	rest	parameter	is	bound	to	an	array	containing	all	further	arguments.	If	there	are	other	parameters	before	it,	their	values	aren’t	part	of	that	array.	When,	as	in	max,	it	is	the	only	parameter,	it	will	hold	all	arguments.	You	can	use	a	similar	three-dot	notation	to	call	a	function	with	an	array	of	arguments.	let	numbers	=
[5,	1,	7];	console.log(max(numbers));	This	“spreads”	out	the	array	into	the	function	call,	passing	its	elements	as	separate	arguments.	It	is	possible	to	include	an	array	like	that	along	with	other	arguments,	as	in	max(9,	...numbers,	2).	Square	bracket	array	notation	similarly	allows	the	triple-dot	operator	to	spread	another	array	into	the	new	array.	let
words	=	["never",	"fully"];	console.log(["will",	words,	"understand"]);	The	Math	object	As	we’ve	seen,	Math	is	a	grab	bag	of	number-related	utility	functions,	such	as	Math.max	(maximum),	Math.min	(minimum),	and	Math.sqrt	(square	root).	The	Math	object	is	used	as	a	container	to	group	a	bunch	of	related	functionality.	There	is	only	one	Math	object,
and	it	is	almost	never	useful	as	a	value.	Rather,	it	provides	a	namespace	so	that	all	these	functions	and	values	do	not	have	to	be	global	bindings.	Having	too	many	global	bindings	“pollutes”	the	namespace.	The	more	names	have	been	taken,	the	more	likely	you	are	to	accidentally	overwrite	the	value	of	some	existing	binding.	For	example,	it’s	not	unlikely
to	want	to	name	something	max	in	one	of	your	programs.	Since	JavaScript’s	built-in	max	function	is	tucked	safely	inside	the	Math	object,	we	don’t	have	to	worry	about	overwriting	it.	Many	languages	will	stop	you,	or	at	least	warn	you,	when	you	are	defining	a	binding	with	a	name	that	is	already	taken.	JavaScript	does	this	for	bindings	you	declared	with
let	or	const	but—perversely—not	for	standard	bindings	nor	for	bindings	declared	with	var	or	function.	Back	to	the	Math	object.	If	you	need	to	do	trigonometry,	Math	can	help.	It	contains	cos	(cosine),	sin	(sine),	and	tan	(tangent),	as	well	as	their	inverse	functions,	acos,	asin,	and	atan,	respectively.	The	number	π	(pi)—or	at	least	the	closest	approximation
that	fits	in	a	JavaScript	number—is	available	as	Math.PI.	There	is	an	old	programming	tradition	of	writing	the	names	of	constant	values	in	all	caps.	function	randomPointOnCircle(radius)	{	let	angle	=	Math.random()	*	2	*	Math.PI;	return	{x:	radius	*	Math.cos(angle),	y:	radius	*	Math.sin(angle)};	}	console.log(randomPointOnCircle(2));	If	sines	and
cosines	are	not	something	you	are	familiar	with,	don’t	worry.	When	they	are	used	in	this	book,	in	Chapter	14,	I’ll	explain	them.	The	previous	example	used	Math.random.	This	is	a	function	that	returns	a	new	pseudorandom	number	between	zero	(inclusive)	and	one	(exclusive)	every	time	you	call	it.	console.log(Math.random());
console.log(Math.random());	console.log(Math.random());	Though	computers	are	deterministic	machines—they	always	react	the	same	way	if	given	the	same	input—it	is	possible	to	have	them	produce	numbers	that	appear	random.	To	do	that,	the	machine	keeps	some	hidden	value,	and	whenever	you	ask	for	a	new	random	number,	it	performs
complicated	computations	on	this	hidden	value	to	create	a	new	value.	It	stores	a	new	value	and	returns	some	number	derived	from	it.	That	way,	it	can	produce	ever	new,	hard-to-predict	numbers	in	a	way	that	seems	random.	If	we	want	a	whole	random	number	instead	of	a	fractional	one,	we	can	use	Math.floor	(which	rounds	down	to	the	nearest	whole
number)	on	the	result	of	Math.random.	console.log(Math.floor(Math.random()	*	10));	Multiplying	the	random	number	by	10	gives	us	a	number	greater	than	or	equal	to	0	and	below	10.	Since	Math.floor	rounds	down,	this	expression	will	produce,	with	equal	chance,	any	number	from	0	through	9.	There	are	also	the	functions	Math.ceil	(for	“ceiling”,
which	rounds	up	to	a	whole	number),	Math.round	(to	the	nearest	whole	number),	and	Math.abs,	which	takes	the	absolute	value	of	a	number,	meaning	it	negates	negative	values	but	leaves	positive	ones	as	they	are.	Destructuring	Let’s	go	back	to	the	phi	function	for	a	moment.	function	phi(table)	{	return	(table[3]	*	table[0]	-	table[2]	*	table[1])	/
Math.sqrt((table[2]	+	table[3])	*	(table[0]	+	table[1])	*	(table[1]	+	table[3])	*	(table[0]	+	table[2]));	}	One	of	the	reasons	this	function	is	awkward	to	read	is	that	we	have	a	binding	pointing	at	our	array,	but	we’d	much	prefer	to	have	bindings	for	the	elements	of	the	array,	that	is,	let	n00	=	table[0]	and	so	on.	Fortunately,	there	is	a	succinct	way	to	do	this
in	JavaScript.	function	phi([n00,	n01,	n10,	n11])	{	return	(n11	*	n00	-	n10	*	n01)	/	Math.sqrt((n10	+	n11)	*	(n00	+	n01)	*	(n01	+	n11)	*	(n00	+	n10));	}	This	also	works	for	bindings	created	with	let,	var,	or	const.	If	you	know	the	value	you	are	binding	is	an	array,	you	can	use	square	brackets	to	“look	inside”	of	the	value,	binding	its	contents.	A	similar
trick	works	for	objects,	using	braces	instead	of	square	brackets.	let	{name}	=	{name:	"Faraji",	age:	23};	console.log(name);	Note	that	if	you	try	to	destructure	null	or	undefined,	you	get	an	error,	much	as	you	would	if	you	directly	try	to	access	a	property	of	those	values.	JSON	Because	properties	only	grasp	their	value,	rather	than	contain	it,	objects	and
arrays	are	stored	in	the	computer’s	memory	as	sequences	of	bits	holding	the	addresses—the	place	in	memory—of	their	contents.	So	an	array	with	another	array	inside	of	it	consists	of	(at	least)	one	memory	region	for	the	inner	array,	and	another	for	the	outer	array,	containing	(among	other	things)	a	binary	number	that	represents	the	position	of	the
inner	array.	If	you	want	to	save	data	in	a	file	for	later	or	send	it	to	another	computer	over	the	network,	you	have	to	somehow	convert	these	tangles	of	memory	addresses	to	a	description	that	can	be	stored	or	sent.	You	could	send	over	your	entire	computer	memory	along	with	the	address	of	the	value	you’re	interested	in,	I	suppose,	but	that	doesn’t	seem
like	the	best	approach.	What	we	can	do	is	serialize	the	data.	That	means	it	is	converted	into	a	flat	description.	A	popular	serialization	format	is	called	JSON	(pronounced	“Jason”),	which	stands	for	JavaScript	Object	Notation.	It	is	widely	used	as	a	data	storage	and	communication	format	on	the	Web,	even	in	languages	other	than	JavaScript.	JSON	looks
similar	to	JavaScript’s	way	of	writing	arrays	and	objects,	with	a	few	restrictions.	All	property	names	have	to	be	surrounded	by	double	quotes,	and	only	simple	data	expressions	are	allowed—no	function	calls,	bindings,	or	anything	that	involves	actual	computation.	Comments	are	not	allowed	in	JSON.	A	journal	entry	might	look	like	this	when	represented
as	JSON	data:	{	"squirrel":	false,	"events":	["work",	"touched	tree",	"pizza",	"running"]	}	JavaScript	gives	us	the	functions	JSON.stringify	and	JSON.parse	to	convert	data	to	and	from	this	format.	The	first	takes	a	JavaScript	value	and	returns	a	JSON-encoded	string.	The	second	takes	such	a	string	and	converts	it	to	the	value	it	encodes.	let	string	=
JSON.stringify({squirrel:	false,	events:	["weekend"]});	console.log(string);	console.log(JSON.parse(string).events);	Summary	Objects	and	arrays	(which	are	a	specific	kind	of	object)	provide	ways	to	group	several	values	into	a	single	value.	Conceptually,	this	allows	us	to	put	a	bunch	of	related	things	in	a	bag	and	run	around	with	the	bag,	instead	of
wrapping	our	arms	around	all	of	the	individual	things	and	trying	to	hold	on	to	them	separately.	Most	values	in	JavaScript	have	properties,	the	exceptions	being	null	and	undefined.	Properties	are	accessed	using	value.prop	or	value["prop"].	Objects	tend	to	use	names	for	their	properties	and	store	more	or	less	a	fixed	set	of	them.	Arrays,	on	the	other
hand,	usually	contain	varying	amounts	of	conceptually	identical	values	and	use	numbers	(starting	from	0)	as	the	names	of	their	properties.	There	are	some	named	properties	in	arrays,	such	as	length	and	a	number	of	methods.	Methods	are	functions	that	live	in	properties	and	(usually)	act	on	the	value	they	are	a	property	of.	You	can	iterate	over	arrays
using	a	special	kind	of	for	loop—for	(let	element	of	array).	Exercises	The	sum	of	a	range	The	introduction	of	this	book	alluded	to	the	following	as	a	nice	way	to	compute	the	sum	of	a	range	of	numbers:	console.log(sum(range(1,	10)));	Write	a	range	function	that	takes	two	arguments,	start	and	end,	and	returns	an	array	containing	all	the	numbers	from
start	up	to	(and	including)	end.	Next,	write	a	sum	function	that	takes	an	array	of	numbers	and	returns	the	sum	of	these	numbers.	Run	the	example	program	and	see	whether	it	does	indeed	return	55.	As	a	bonus	assignment,	modify	your	range	function	to	take	an	optional	third	argument	that	indicates	the	“step”	value	used	when	building	the	array.	If	no
step	is	given,	the	elements	go	up	by	increments	of	one,	corresponding	to	the	old	behavior.	The	function	call	range(1,	10,	2)	should	return	[1,	3,	5,	7,	9].	Make	sure	it	also	works	with	negative	step	values	so	that	range(5,	2,	-1)	produces	[5,	4,	3,	2].	console.log(range(1,	10));	console.log(range(5,	2,	-1));	console.log(sum(range(1,	10)));	Building	up	an	array
is	most	easily	done	by	first	initializing	a	binding	to	[]	(a	fresh,	empty	array)	and	repeatedly	calling	its	push	method	to	add	a	value.	Don’t	forget	to	return	the	array	at	the	end	of	the	function.	Since	the	end	boundary	is	inclusive,	you’ll	need	to	use	the	=	rather	than	=	0;	i--).	Reversing	the	array	in	place	is	harder.	You	have	to	be	careful	not	to	overwrite
elements	that	you	will	later	need.	Using	reverseArray	or	otherwise	copying	the	whole	array	(array.slice(0)	is	a	good	way	to	copy	an	array)	works	but	is	cheating.	The	trick	is	to	swap	the	first	and	last	elements,	then	the	second	and	second-to-last,	and	so	on.	You	can	do	this	by	looping	over	half	the	length	of	the	array	(use	Math.floor	to	round	down—you
don’t	need	to	touch	the	middle	element	in	an	array	with	an	odd	number	of	elements)	and	swapping	the	element	at	position	i	with	the	one	at	position	array.length	-	1	-	i.	You	can	use	a	local	binding	to	briefly	hold	on	to	one	of	the	elements,	overwrite	that	one	with	its	mirror	image,	and	then	put	the	value	from	the	local	binding	in	the	place	where	the
mirror	image	used	to	be.	A	list	Objects,	as	generic	blobs	of	values,	can	be	used	to	build	all	sorts	of	data	structures.	A	common	data	structure	is	the	list	(not	to	be	confused	with	array).	A	list	is	a	nested	set	of	objects,	with	the	first	object	holding	a	reference	to	the	second,	the	second	to	the	third,	and	so	on.	let	list	=	{	value:	1,	rest:	{	value:	2,	rest:	{
value:	3,	rest:	null	}	}	};	The	resulting	objects	form	a	chain,	like	this:	A	nice	thing	about	lists	is	that	they	can	share	parts	of	their	structure.	For	example,	if	I	create	two	new	values	{value:	0,	rest:	list}	and	{value:	-1,	rest:	list}	(with	list	referring	to	the	binding	defined	earlier),	they	are	both	independent	lists,	but	they	share	the	structure	that	makes	up
their	last	three	elements.	The	original	list	is	also	still	a	valid	three-element	list.	Write	a	function	arrayToList	that	builds	up	a	list	structure	like	the	one	shown	when	given	[1,	2,	3]	as	argument.	Also	write	a	listToArray	function	that	produces	an	array	from	a	list.	Then	add	a	helper	function	prepend,	which	takes	an	element	and	a	list	and	creates	a	new	list
that	adds	the	element	to	the	front	of	the	input	list,	and	nth,	which	takes	a	list	and	a	number	and	returns	the	element	at	the	given	position	in	the	list	(with	zero	referring	to	the	first	element)	or	undefined	when	there	is	no	such	element.	If	you	haven’t	already,	also	write	a	recursive	version	of	nth.	console.log(arrayToList([10,	20]));
console.log(listToArray(arrayToList([10,	20,	30])));	console.log(prepend(10,	prepend(20,	null)));	console.log(nth(arrayToList([10,	20,	30]),	1));	Building	up	a	list	is	easier	when	done	back	to	front.	So	arrayToList	could	iterate	over	the	array	backwards	(see	the	previous	exercise)	and,	for	each	element,	add	an	object	to	the	list.	You	can	use	a	local	binding
to	hold	the	part	of	the	list	that	was	built	so	far	and	use	an	assignment	like	list	=	{value:	X,	rest:	list}	to	add	an	element.	To	run	over	a	list	(in	listToArray	and	nth),	a	for	loop	specification	like	this	can	be	used:	for	(let	node	=	list;	node;	node	=	node.rest)	{}	Can	you	see	how	that	works?	Every	iteration	of	the	loop,	node	points	to	the	current	sublist,	and
the	body	can	read	its	value	property	to	get	the	current	element.	At	the	end	of	an	iteration,	node	moves	to	the	next	sublist.	When	that	is	null,	we	have	reached	the	end	of	the	list,	and	the	loop	is	finished.	The	recursive	version	of	nth	will,	similarly,	look	at	an	ever	smaller	part	of	the	“tail”	of	the	list	and	at	the	same	time	count	down	the	index	until	it
reaches	zero,	at	which	point	it	can	return	the	value	property	of	the	node	it	is	looking	at.	To	get	the	zeroth	element	of	a	list,	you	simply	take	the	value	property	of	its	head	node.	To	get	element	N	+	1,	you	take	the	Nth	element	of	the	list	that’s	in	this	list’s	rest	property.	Deep	comparison	The	==	operator	compares	objects	by	identity.	But	sometimes	you’d
prefer	to	compare	the	values	of	their	actual	properties.	Write	a	function	deepEqual	that	takes	two	values	and	returns	true	only	if	they	are	the	same	value	or	are	objects	with	the	same	properties,	where	the	values	of	the	properties	are	equal	when	compared	with	a	recursive	call	to	deepEqual.	To	find	out	whether	values	should	be	compared	directly	(use
the	===	operator	for	that)	or	have	their	properties	compared,	you	can	use	the	typeof	operator.	If	it	produces	"object"	for	both	values,	you	should	do	a	deep	comparison.	But	you	have	to	take	one	silly	exception	into	account:	because	of	a	historical	accident,	typeof	null	also	produces	"object".	The	Object.keys	function	will	be	useful	when	you	need	to	go
over	the	properties	of	objects	to	compare	them.	let	obj	=	{here:	{is:	"an"},	object:	2};	console.log(deepEqual(obj,	obj));	console.log(deepEqual(obj,	{here:	1,	object:	2}));	console.log(deepEqual(obj,	{here:	{is:	"an"},	object:	2}));	Your	test	for	whether	you	are	dealing	with	a	real	object	will	look	something	like	typeof	x	==	"object"	&&	x	!=	null.	Be
careful	to	compare	properties	only	when	both	arguments	are	objects.	In	all	other	cases	you	can	just	immediately	return	the	result	of	applying	===.	Use	Object.keys	to	go	over	the	properties.	You	need	to	test	whether	both	objects	have	the	same	set	of	property	names	and	whether	those	properties	have	identical	values.	One	way	to	do	that	is	to	ensure
that	both	objects	have	the	same	number	of	properties	(the	lengths	of	the	property	lists	are	the	same).	And	then,	when	looping	over	one	of	the	object’s	properties	to	compare	them,	always	first	make	sure	the	other	actually	has	a	property	by	that	name.	If	they	have	the	same	number	of	properties	and	all	properties	in	one	also	exist	in	the	other,	they	have
the	same	set	of	property	names.	Returning	the	correct	value	from	the	function	is	best	done	by	immediately	returning	false	when	a	mismatch	is	found	and	returning	true	at	the	end	of	the	function.	◀	◆	▶	Page	9	◀	◆	▶	People	think	that	computer	science	is	the	art	of	geniuses	but	the	actual	reality	is	the	opposite,	just	many	people	doing	things	that	build
on	each	other,	like	a	wall	of	mini	stones.	Donald	Knuth	Functions	are	the	bread	and	butter	of	JavaScript	programming.	The	concept	of	wrapping	a	piece	of	program	in	a	value	has	many	uses.	It	gives	us	a	way	to	structure	larger	programs,	to	reduce	repetition,	to	associate	names	with	subprograms,	and	to	isolate	these	subprograms	from	each	other.	The
most	obvious	application	of	functions	is	defining	new	vocabulary.	Creating	new	words	in	prose	is	usually	bad	style.	But	in	programming,	it	is	indispensable.	Typical	adult	English	speakers	have	some	20,000	words	in	their	vocabulary.	Few	programming	languages	come	with	20,000	commands	built	in.	And	the	vocabulary	that	is	available	tends	to	be
more	precisely	defined,	and	thus	less	flexible,	than	in	human	language.	Therefore,	we	usually	have	to	introduce	new	concepts	to	avoid	repeating	ourselves	too	much.	Defining	a	function	A	function	definition	is	a	regular	binding	where	the	value	of	the	binding	is	a	function.	For	example,	this	code	defines	square	to	refer	to	a	function	that	produces	the
square	of	a	given	number:	const	square	=	function(x)	{	return	x	*	x;	};	console.log(square(12));	A	function	is	created	with	an	expression	that	starts	with	the	keyword	function.	Functions	have	a	set	of	parameters	(in	this	case,	only	x)	and	a	body,	which	contains	the	statements	that	are	to	be	executed	when	the	function	is	called.	The	function	body	of	a
function	created	this	way	must	always	be	wrapped	in	braces,	even	when	it	consists	of	only	a	single	statement.	A	function	can	have	multiple	parameters	or	no	parameters	at	all.	In	the	following	example,	makeNoise	does	not	list	any	parameter	names,	whereas	power	lists	two:	const	makeNoise	=	function()	{	console.log("Pling!");	};	makeNoise();	const
power	=	function(base,	exponent)	{	let	result	=	1;	for	(let	count	=	0;	count	<	exponent;	count++)	{	result	*=	base;	}	return	result;	};	console.log(power(2,	10));	Some	functions	produce	a	value,	such	as	power	and	square,	and	some	don’t,	such	as	makeNoise,	whose	only	result	is	a	side	effect.	A	return	statement	determines	the	value	the	function
returns.	When	control	comes	across	such	a	statement,	it	immediately	jumps	out	of	the	current	function	and	gives	the	returned	value	to	the	code	that	called	the	function.	A	return	keyword	without	an	expression	after	it	will	cause	the	function	to	return	undefined.	Functions	that	don’t	have	a	return	statement	at	all,	such	as	makeNoise,	similarly	return
undefined.	Parameters	to	a	function	behave	like	regular	bindings,	but	their	initial	values	are	given	by	the	caller	of	the	function,	not	the	code	in	the	function	itself.	Bindings	and	scopes	Each	binding	has	a	scope,	which	is	the	part	of	the	program	in	which	the	binding	is	visible.	For	bindings	defined	outside	of	any	function	or	block,	the	scope	is	the	whole
program—you	can	refer	to	such	bindings	wherever	you	want.	These	are	called	global.	But	bindings	created	for	function	parameters	or	declared	inside	a	function	can	be	referenced	only	in	that	function,	so	they	are	known	as	local	bindings.	Every	time	the	function	is	called,	new	instances	of	these	bindings	are	created.	This	provides	some	isolation
between	functions—each	function	call	acts	in	its	own	little	world	(its	local	environment)	and	can	often	be	understood	without	knowing	a	lot	about	what’s	going	on	in	the	global	environment.	Bindings	declared	with	let	and	const	are	in	fact	local	to	the	block	that	they	are	declared	in,	so	if	you	create	one	of	those	inside	of	a	loop,	the	code	before	and	after
the	loop	cannot	“see”	it.	In	pre-2015	JavaScript,	only	functions	created	new	scopes,	so	old-style	bindings,	created	with	the	var	keyword,	are	visible	throughout	the	whole	function	that	they	appear	in—or	throughout	the	global	scope,	if	they	are	not	in	a	function.	let	x	=	10;	if	(true)	{	let	y	=	20;	var	z	=	30;	console.log(x	+	y	+	z);	}	console.log(x	+	z);	Each
scope	can	“look	out”	into	the	scope	around	it,	so	x	is	visible	inside	the	block	in	the	example.	The	exception	is	when	multiple	bindings	have	the	same	name—in	that	case,	code	can	see	only	the	innermost	one.	For	example,	when	the	code	inside	the	halve	function	refers	to	n,	it	is	seeing	its	own	n,	not	the	global	n.	const	halve	=	function(n)	{	return	n	/	2;	};
let	n	=	10;	console.log(halve(100));	console.log(n);	Nested	scope	JavaScript	distinguishes	not	just	global	and	local	bindings.	Blocks	and	functions	can	be	created	inside	other	blocks	and	functions,	producing	multiple	degrees	of	locality.	For	example,	this	function—which	outputs	the	ingredients	needed	to	make	a	batch	of	hummus—has	another	function
inside	it:	const	hummus	=	function(factor)	{	const	ingredient	=	function(amount,	unit,	name)	{	let	ingredientAmount	=	amount	*	factor;	if	(ingredientAmount	>	1)	{	unit	+=	"s";	}	console.log(`${ingredientAmount}	${unit}	${name}`);	};	ingredient(1,	"can",	"chickpeas");	ingredient(0.25,	"cup",	"tahini");	ingredient(0.25,	"cup",	"lemon	juice");
ingredient(1,	"clove",	"garlic");	ingredient(2,	"tablespoon",	"olive	oil");	ingredient(0.5,	"teaspoon",	"cumin");	};	The	code	inside	the	ingredient	function	can	see	the	factor	binding	from	the	outer	function.	But	its	local	bindings,	such	as	unit	or	ingredientAmount,	are	not	visible	in	the	outer	function.	The	set	of	bindings	visible	inside	a	block	is	determined	by
the	place	of	that	block	in	the	program	text.	Each	local	scope	can	also	see	all	the	local	scopes	that	contain	it,	and	all	scopes	can	see	the	global	scope.	This	approach	to	binding	visibility	is	called	lexical	scoping.	Functions	as	values	A	function	binding	usually	simply	acts	as	a	name	for	a	specific	piece	of	the	program.	Such	a	binding	is	defined	once	and
never	changed.	This	makes	it	easy	to	confuse	the	function	and	its	name.	But	the	two	are	different.	A	function	value	can	do	all	the	things	that	other	values	can	do—you	can	use	it	in	arbitrary	expressions,	not	just	call	it.	It	is	possible	to	store	a	function	value	in	a	new	binding,	pass	it	as	an	argument	to	a	function,	and	so	on.	Similarly,	a	binding	that	holds	a
function	is	still	just	a	regular	binding	and	can,	if	not	constant,	be	assigned	a	new	value,	like	so:	let	launchMissiles	=	function()	{	missileSystem.launch("now");	};	if	(safeMode)	{	launchMissiles	=	function()	{};	}	In	Chapter	5,	we	will	discuss	the	interesting	things	that	can	be	done	by	passing	around	function	values	to	other	functions.	Declaration
notation	There	is	a	slightly	shorter	way	to	create	a	function	binding.	When	the	function	keyword	is	used	at	the	start	of	a	statement,	it	works	differently.	function	square(x)	{	return	x	*	x;	}	This	is	a	function	declaration.	The	statement	defines	the	binding	square	and	points	it	at	the	given	function.	It	is	slightly	easier	to	write	and	doesn’t	require	a
semicolon	after	the	function.	There	is	one	subtlety	with	this	form	of	function	definition.	console.log("The	future	says:",	future());	function	future()	{	return	"You'll	never	have	flying	cars";	}	The	preceding	code	works,	even	though	the	function	is	defined	below	the	code	that	uses	it.	Function	declarations	are	not	part	of	the	regular	top-to-bottom	flow	of
control.	They	are	conceptually	moved	to	the	top	of	their	scope	and	can	be	used	by	all	the	code	in	that	scope.	This	is	sometimes	useful	because	it	offers	the	freedom	to	order	code	in	a	way	that	seems	meaningful,	without	worrying	about	having	to	define	all	functions	before	they	are	used.	Arrow	functions	There’s	a	third	notation	for	functions,	which	looks



very	different	from	the	others.	Instead	of	the	function	keyword,	it	uses	an	arrow	(=>)	made	up	of	an	equal	sign	and	a	greater-than	character	(not	to	be	confused	with	the	greater-than-or-equal	operator,	which	is	written	>=).	const	power	=	(base,	exponent)	=>	{	let	result	=	1;	for	(let	count	=	0;	count	<	exponent;	count++)	{	result	*=	base;	}	return
result;	};	The	arrow	comes	after	the	list	of	parameters	and	is	followed	by	the	function’s	body.	It	expresses	something	like	“this	input	(the	parameters)	produces	this	result	(the	body)”.	When	there	is	only	one	parameter	name,	you	can	omit	the	parentheses	around	the	parameter	list.	If	the	body	is	a	single	expression,	rather	than	a	block	in	braces,	that
expression	will	be	returned	from	the	function.	So,	these	two	definitions	of	square	do	the	same	thing:	const	square1	=	(x)	=>	{	return	x	*	x;	};	const	square2	=	x	=>	x	*	x;	When	an	arrow	function	has	no	parameters	at	all,	its	parameter	list	is	just	an	empty	set	of	parentheses.	const	horn	=	()	=>	{	console.log("Toot");	};	There’s	no	deep	reason	to	have
both	arrow	functions	and	function	expressions	in	the	language.	Apart	from	a	minor	detail,	which	we’ll	discuss	in	Chapter	6,	they	do	the	same	thing.	Arrow	functions	were	added	in	2015,	mostly	to	make	it	possible	to	write	small	function	expressions	in	a	less	verbose	way.	We’ll	be	using	them	a	lot	in	Chapter	5.	The	call	stack	The	way	control	flows
through	functions	is	somewhat	involved.	Let’s	take	a	closer	look	at	it.	Here	is	a	simple	program	that	makes	a	few	function	calls:	function	greet(who)	{	console.log("Hello	"	+	who);	}	greet("Harry");	console.log("Bye");	A	run	through	this	program	goes	roughly	like	this:	the	call	to	greet	causes	control	to	jump	to	the	start	of	that	function	(line	2).	The
function	calls	console.log,	which	takes	control,	does	its	job,	and	then	returns	control	to	line	2.	There	it	reaches	the	end	of	the	greet	function,	so	it	returns	to	the	place	that	called	it,	which	is	line	4.	The	line	after	that	calls	console.log	again.	After	that	returns,	the	program	reaches	its	end.	We	could	show	the	flow	of	control	schematically	like	this:	not	in
function	in	greet	in	console.log	in	greet	not	in	function	in	console.log	not	in	function	Because	a	function	has	to	jump	back	to	the	place	that	called	it	when	it	returns,	the	computer	must	remember	the	context	from	which	the	call	happened.	In	one	case,	console.log	has	to	return	to	the	greet	function	when	it	is	done.	In	the	other	case,	it	returns	to	the	end
of	the	program.	The	place	where	the	computer	stores	this	context	is	the	call	stack.	Every	time	a	function	is	called,	the	current	context	is	stored	on	top	of	this	stack.	When	a	function	returns,	it	removes	the	top	context	from	the	stack	and	uses	that	context	to	continue	execution.	Storing	this	stack	requires	space	in	the	computer’s	memory.	When	the	stack
grows	too	big,	the	computer	will	fail	with	a	message	like	“out	of	stack	space”	or	“too	much	recursion”.	The	following	code	illustrates	this	by	asking	the	computer	a	really	hard	question	that	causes	an	infinite	back-and-forth	between	two	functions.	Rather,	it	would	be	infinite,	if	the	computer	had	an	infinite	stack.	As	it	is,	we	will	run	out	of	space,	or	“blow
the	stack”.	function	chicken()	{	return	egg();	}	function	egg()	{	return	chicken();	}	console.log(chicken()	+	"	came	first.");	Optional	Arguments	The	following	code	is	allowed	and	executes	without	any	problem:	function	square(x)	{	return	x	*	x;	}	console.log(square(4,	true,	"hedgehog"));	We	defined	square	with	only	one	parameter.	Yet	when	we	call	it
with	three,	the	language	doesn’t	complain.	It	ignores	the	extra	arguments	and	computes	the	square	of	the	first	one.	JavaScript	is	extremely	broad-minded	about	the	number	of	arguments	you	pass	to	a	function.	If	you	pass	too	many,	the	extra	ones	are	ignored.	If	you	pass	too	few,	the	missing	parameters	get	assigned	the	value	undefined.	The	downside
of	this	is	that	it	is	possible—likely,	even—that	you’ll	accidentally	pass	the	wrong	number	of	arguments	to	functions.	And	no	one	will	tell	you	about	it.	The	upside	is	that	this	behavior	can	be	used	to	allow	a	function	to	be	called	with	different	numbers	of	arguments.	For	example,	this	minus	function	tries	to	imitate	the	-	operator	by	acting	on	either	one	or
two	arguments:	function	minus(a,	b)	{	if	(b	===	undefined)	return	-a;	else	return	a	-	b;	}	console.log(minus(10));	console.log(minus(10,	5));	If	you	write	an	=	operator	after	a	parameter,	followed	by	an	expression,	the	value	of	that	expression	will	replace	the	argument	when	it	is	not	given.	For	example,	this	version	of	power	makes	its	second	argument
optional.	If	you	don’t	provide	it	or	pass	the	value	undefined,	it	will	default	to	two,	and	the	function	will	behave	like	square.	function	power(base,	exponent	=	2)	{	let	result	=	1;	for	(let	count	=	0;	count	<	exponent;	count++)	{	result	*=	base;	}	return	result;	}	console.log(power(4));	console.log(power(2,	6));	In	the	next	chapter,	we	will	see	a	way	in
which	a	function	body	can	get	at	the	whole	list	of	arguments	it	was	passed.	This	is	helpful	because	it	makes	it	possible	for	a	function	to	accept	any	number	of	arguments.	For	example,	console.log	does	this—it	outputs	all	of	the	values	it	is	given.	console.log("C",	"O",	2);	Closure	The	ability	to	treat	functions	as	values,	combined	with	the	fact	that	local
bindings	are	re-created	every	time	a	function	is	called,	brings	up	an	interesting	question.	What	happens	to	local	bindings	when	the	function	call	that	created	them	is	no	longer	active?	The	following	code	shows	an	example	of	this.	It	defines	a	function,	wrapValue,	that	creates	a	local	binding.	It	then	returns	a	function	that	accesses	and	returns	this	local
binding.	function	wrapValue(n)	{	let	local	=	n;	return	()	=>	local;	}	let	wrap1	=	wrapValue(1);	let	wrap2	=	wrapValue(2);	console.log(wrap1());	console.log(wrap2());	This	is	allowed	and	works	as	you’d	hope—both	instances	of	the	binding	can	still	be	accessed.	This	situation	is	a	good	demonstration	of	the	fact	that	local	bindings	are	created	anew	for
every	call,	and	different	calls	can’t	trample	on	one	another’s	local	bindings.	This	feature—being	able	to	reference	a	specific	instance	of	a	local	binding	in	an	enclosing	scope—is	called	closure.	A	function	that	references	bindings	from	local	scopes	around	it	is	called	a	closure.	This	behavior	not	only	frees	you	from	having	to	worry	about	lifetimes	of
bindings	but	also	makes	it	possible	to	use	function	values	in	some	creative	ways.	With	a	slight	change,	we	can	turn	the	previous	example	into	a	way	to	create	functions	that	multiply	by	an	arbitrary	amount.	function	multiplier(factor)	{	return	number	=>	number	*	factor;	}	let	twice	=	multiplier(2);	console.log(twice(5));	The	explicit	local	binding	from
the	wrapValue	example	isn’t	really	needed	since	a	parameter	is	itself	a	local	binding.	Thinking	about	programs	like	this	takes	some	practice.	A	good	mental	model	is	to	think	of	function	values	as	containing	both	the	code	in	their	body	and	the	environment	in	which	they	are	created.	When	called,	the	function	body	sees	the	environment	in	which	it	was
created,	not	the	environment	in	which	it	is	called.	In	the	example,	multiplier	is	called	and	creates	an	environment	in	which	its	factor	parameter	is	bound	to	2.	The	function	value	it	returns,	which	is	stored	in	twice,	remembers	this	environment.	So	when	that	is	called,	it	multiplies	its	argument	by	2.	Recursion	It	is	perfectly	okay	for	a	function	to	call
itself,	as	long	as	it	doesn’t	do	it	so	often	that	it	overflows	the	stack.	A	function	that	calls	itself	is	called	recursive.	Recursion	allows	some	functions	to	be	written	in	a	different	style.	Take,	for	example,	this	alternative	implementation	of	power:	function	power(base,	exponent)	{	if	(exponent	==	0)	{	return	1;	}	else	{	return	base	*	power(base,	exponent	-
1);	}	}	console.log(power(2,	3));	This	is	rather	close	to	the	way	mathematicians	define	exponentiation	and	arguably	describes	the	concept	more	clearly	than	the	looping	variant.	The	function	calls	itself	multiple	times	with	ever	smaller	exponents	to	achieve	the	repeated	multiplication.	But	this	implementation	has	one	problem:	in	typical	JavaScript
implementations,	it’s	about	three	times	slower	than	the	looping	version.	Running	through	a	simple	loop	is	generally	cheaper	than	calling	a	function	multiple	times.	The	dilemma	of	speed	versus	elegance	is	an	interesting	one.	You	can	see	it	as	a	kind	of	continuum	between	human-friendliness	and	machine-friendliness.	Almost	any	program	can	be	made
faster	by	making	it	bigger	and	more	convoluted.	The	programmer	has	to	decide	on	an	appropriate	balance.	In	the	case	of	the	power	function,	the	inelegant	(looping)	version	is	still	fairly	simple	and	easy	to	read.	It	doesn’t	make	much	sense	to	replace	it	with	the	recursive	version.	Often,	though,	a	program	deals	with	such	complex	concepts	that	giving	up
some	efficiency	in	order	to	make	the	program	more	straightforward	is	helpful.	Worrying	about	efficiency	can	be	a	distraction.	It’s	yet	another	factor	that	complicates	program	design,	and	when	you’re	doing	something	that’s	already	difficult,	that	extra	thing	to	worry	about	can	be	paralyzing.	Therefore,	always	start	by	writing	something	that’s	correct
and	easy	to	understand.	If	you’re	worried	that	it’s	too	slow—which	it	usually	isn’t	since	most	code	simply	isn’t	executed	often	enough	to	take	any	significant	amount	of	time—you	can	measure	afterward	and	improve	it	if	necessary.	Recursion	is	not	always	just	an	inefficient	alternative	to	looping.	Some	problems	really	are	easier	to	solve	with	recursion
than	with	loops.	Most	often	these	are	problems	that	require	exploring	or	processing	several	“branches”,	each	of	which	might	branch	out	again	into	even	more	branches.	Consider	this	puzzle:	by	starting	from	the	number	1	and	repeatedly	either	adding	5	or	multiplying	by	3,	an	infinite	set	of	numbers	can	be	produced.	How	would	you	write	a	function
that,	given	a	number,	tries	to	find	a	sequence	of	such	additions	and	multiplications	that	produces	that	number?	For	example,	the	number	13	could	be	reached	by	first	multiplying	by	3	and	then	adding	5	twice,	whereas	the	number	15	cannot	be	reached	at	all.	Here	is	a	recursive	solution:	function	findSolution(target)	{	function	find(current,	history)	{	if
(current	==	target)	{	return	history;	}	else	if	(current	>	target)	{	return	null;	}	else	{	return	find(current	+	5,	`(${history}	+	5)`)	||	find(current	*	3,	`(${history}	*	3)`);	}	}	return	find(1,	"1");	}	console.log(findSolution(24));	Note	that	this	program	doesn’t	necessarily	find	the	shortest	sequence	of	operations.	It	is	satisfied	when	it	finds	any	sequence	at
all.	It	is	okay	if	you	don’t	see	how	it	works	right	away.	Let’s	work	through	it,	since	it	makes	for	a	great	exercise	in	recursive	thinking.	The	inner	function	find	does	the	actual	recursing.	It	takes	two	arguments:	the	current	number	and	a	string	that	records	how	we	reached	this	number.	If	it	finds	a	solution,	it	returns	a	string	that	shows	how	to	get	to	the
target.	If	no	solution	can	be	found	starting	from	this	number,	it	returns	null.	To	do	this,	the	function	performs	one	of	three	actions.	If	the	current	number	is	the	target	number,	the	current	history	is	a	way	to	reach	that	target,	so	it	is	returned.	If	the	current	number	is	greater	than	the	target,	there’s	no	sense	in	further	exploring	this	branch	because	both
adding	and	multiplying	will	only	make	the	number	bigger,	so	it	returns	null.	Finally,	if	we’re	still	below	the	target	number,	the	function	tries	both	possible	paths	that	start	from	the	current	number	by	calling	itself	twice,	once	for	addition	and	once	for	multiplication.	If	the	first	call	returns	something	that	is	not	null,	it	is	returned.	Otherwise,	the	second
call	is	returned,	regardless	of	whether	it	produces	a	string	or	null.	To	better	understand	how	this	function	produces	the	effect	we’re	looking	for,	let’s	look	at	all	the	calls	to	find	that	are	made	when	searching	for	a	solution	for	the	number	13.	find(1,	"1")	find(6,	"(1	+	5)")	find(11,	"((1	+	5)	+	5)")	find(16,	"(((1	+	5)	+	5)	+	5)")	too	big	find(33,	"(((1	+	5)	+	5)
*	3)")	too	big	find(18,	"((1	+	5)	*	3)")	too	big	find(3,	"(1	*	3)")	find(8,	"((1	*	3)	+	5)")	find(13,	"(((1	*	3)	+	5)	+	5)")	found!	The	indentation	indicates	the	depth	of	the	call	stack.	The	first	time	find	is	called,	it	starts	by	calling	itself	to	explore	the	solution	that	starts	with	(1	+	5).	That	call	will	further	recurse	to	explore	every	continued	solution	that	yields	a
number	less	than	or	equal	to	the	target	number.	Since	it	doesn’t	find	one	that	hits	the	target,	it	returns	null	back	to	the	first	call.	There	the	||	operator	causes	the	call	that	explores	(1	*	3)	to	happen.	This	search	has	more	luck—its	first	recursive	call,	through	yet	another	recursive	call,	hits	upon	the	target	number.	That	innermost	call	returns	a	string,
and	each	of	the	||	operators	in	the	intermediate	calls	passes	that	string	along,	ultimately	returning	the	solution.	Growing	functions	There	are	two	more	or	less	natural	ways	for	functions	to	be	introduced	into	programs.	The	first	is	that	you	find	yourself	writing	similar	code	multiple	times.	You’d	prefer	not	to	do	that.	Having	more	code	means	more	space
for	mistakes	to	hide	and	more	material	to	read	for	people	trying	to	understand	the	program.	So	you	take	the	repeated	functionality,	find	a	good	name	for	it,	and	put	it	into	a	function.	The	second	way	is	that	you	find	you	need	some	functionality	that	you	haven’t	written	yet	and	that	sounds	like	it	deserves	its	own	function.	You’ll	start	by	naming	the
function,	and	then	you’ll	write	its	body.	You	might	even	start	writing	code	that	uses	the	function	before	you	actually	define	the	function	itself.	How	difficult	it	is	to	find	a	good	name	for	a	function	is	a	good	indication	of	how	clear	a	concept	it	is	that	you’re	trying	to	wrap.	Let’s	go	through	an	example.	We	want	to	write	a	program	that	prints	two	numbers:
the	numbers	of	cows	and	chickens	on	a	farm,	with	the	words	Cows	and	Chickens	after	them	and	zeros	padded	before	both	numbers	so	that	they	are	always	three	digits	long.	007	Cows	011	Chickens	This	asks	for	a	function	of	two	arguments—the	number	of	cows	and	the	number	of	chickens.	Let’s	get	coding.	function	printFarmInventory(cows,	chickens)
{	let	cowString	=	String(cows);	while	(cowString.length	<	3)	{	cowString	=	"0"	+	cowString;	}	console.log(`${cowString}	Cows`);	let	chickenString	=	String(chickens);	while	(chickenString.length	<	3)	{	chickenString	=	"0"	+	chickenString;	}	console.log(`${chickenString}	Chickens`);	}	printFarmInventory(7,	11);	Writing	.length	after	a	string
expression	will	give	us	the	length	of	that	string.	Thus,	the	while	loops	keep	adding	zeros	in	front	of	the	number	strings	until	they	are	at	least	three	characters	long.	Mission	accomplished!	But	just	as	we	are	about	to	send	the	farmer	the	code	(along	with	a	hefty	invoice),	she	calls	and	tells	us	she’s	also	started	keeping	pigs,	and	couldn’t	we	please	extend
the	software	to	also	print	pigs?	We	sure	can.	But	just	as	we’re	in	the	process	of	copying	and	pasting	those	four	lines	one	more	time,	we	stop	and	reconsider.	There	has	to	be	a	better	way.	Here’s	a	first	attempt:	function	printZeroPaddedWithLabel(number,	label)	{	let	numberString	=	String(number);	while	(numberString.length	<	3)	{	numberString	=
"0"	+	numberString;	}	console.log(`${numberString}	${label}`);	}	function	printFarmInventory(cows,	chickens,	pigs)	{	printZeroPaddedWithLabel(cows,	"Cows");	printZeroPaddedWithLabel(chickens,	"Chickens");	printZeroPaddedWithLabel(pigs,	"Pigs");	}	printFarmInventory(7,	11,	3);	It	works!	But	that	name,	printZeroPaddedWithLabel,	is	a	little
awkward.	It	conflates	three	things—printing,	zero-padding,	and	adding	a	label—into	a	single	function.	Instead	of	lifting	out	the	repeated	part	of	our	program	wholesale,	let’s	try	to	pick	out	a	single	concept.	function	zeroPad(number,	width)	{	let	string	=	String(number);	while	(string.length	<	width)	{	string	=	"0"	+	string;	}	return	string;	}	function
printFarmInventory(cows,	chickens,	pigs)	{	console.log(`${zeroPad(cows,	3)}	Cows`);	console.log(`${zeroPad(chickens,	3)}	Chickens`);	console.log(`${zeroPad(pigs,	3)}	Pigs`);	}	printFarmInventory(7,	16,	3);	A	function	with	a	nice,	obvious	name	like	zeroPad	makes	it	easier	for	someone	who	reads	the	code	to	figure	out	what	it	does.	And	such	a
function	is	useful	in	more	situations	than	just	this	specific	program.	For	example,	you	could	use	it	to	help	print	nicely	aligned	tables	of	numbers.	How	smart	and	versatile	should	our	function	be?	We	could	write	anything,	from	a	terribly	simple	function	that	can	only	pad	a	number	to	be	three	characters	wide	to	a	complicated	generalized	number-
formatting	system	that	handles	fractional	numbers,	negative	numbers,	alignment	of	decimal	dots,	padding	with	different	characters,	and	so	on.	A	useful	principle	is	to	not	add	cleverness	unless	you	are	absolutely	sure	you’re	going	to	need	it.	It	can	be	tempting	to	write	general	“frameworks”	for	every	bit	of	functionality	you	come	across.	Resist	that
urge.	You	won’t	get	any	real	work	done—you’ll	just	be	writing	code	that	you	never	use.	Functions	and	side	effects	Functions	can	be	roughly	divided	into	those	that	are	called	for	their	side	effects	and	those	that	are	called	for	their	return	value.	(Though	it	is	definitely	also	possible	to	both	have	side	effects	and	return	a	value.)	The	first	helper	function	in
the	farm	example,	printZeroPaddedWithLabel,	is	called	for	its	side	effect:	it	prints	a	line.	The	second	version,	zeroPad,	is	called	for	its	return	value.	It	is	no	coincidence	that	the	second	is	useful	in	more	situations	than	the	first.	Functions	that	create	values	are	easier	to	combine	in	new	ways	than	functions	that	directly	perform	side	effects.	A	pure
function	is	a	specific	kind	of	value-producing	function	that	not	only	has	no	side	effects	but	also	doesn’t	rely	on	side	effects	from	other	code—for	example,	it	doesn’t	read	global	bindings	whose	value	might	change.	A	pure	function	has	the	pleasant	property	that,	when	called	with	the	same	arguments,	it	always	produces	the	same	value	(and	doesn’t	do
anything	else).	A	call	to	such	a	function	can	be	substituted	by	its	return	value	without	changing	the	meaning	of	the	code.	When	you	are	not	sure	that	a	pure	function	is	working	correctly,	you	can	test	it	by	simply	calling	it	and	know	that	if	it	works	in	that	context,	it	will	work	in	any	context.	Nonpure	functions	tend	to	require	more	scaffolding	to	test.	Still,
there’s	no	need	to	feel	bad	when	writing	functions	that	are	not	pure	or	to	wage	a	holy	war	to	purge	them	from	your	code.	Side	effects	are	often	useful.	There’d	be	no	way	to	write	a	pure	version	of	console.log,	for	example,	and	console.log	is	good	to	have.	Some	operations	are	also	easier	to	express	in	an	efficient	way	when	we	use	side	effects,	so
computing	speed	can	be	a	reason	to	avoid	purity.	Summary	This	chapter	taught	you	how	to	write	your	own	functions.	The	function	keyword,	when	used	as	an	expression,	can	create	a	function	value.	When	used	as	a	statement,	it	can	be	used	to	declare	a	binding	and	give	it	a	function	as	its	value.	Arrow	functions	are	yet	another	way	to	create	functions.
const	f	=	function(a)	{	console.log(a	+	2);	};	function	g(a,	b)	{	return	a	*	b	*	3.5;	}	let	h	=	a	=>	a	%	3;	A	key	aspect	in	understanding	functions	is	understanding	scopes.	Each	block	creates	a	new	scope.	Parameters	and	bindings	declared	in	a	given	scope	are	local	and	not	visible	from	the	outside.	Bindings	declared	with	var	behave	differently—they	end
up	in	the	nearest	function	scope	or	the	global	scope.	Separating	the	tasks	your	program	performs	into	different	functions	is	helpful.	You	won’t	have	to	repeat	yourself	as	much,	and	functions	can	help	organize	a	program	by	grouping	code	into	pieces	that	do	specific	things.	Exercises	Minimum	The	previous	chapter	introduced	the	standard	function
Math.min	that	returns	its	smallest	argument.	We	can	build	something	like	that	now.	Write	a	function	min	that	takes	two	arguments	and	returns	their	minimum.	console.log(min(0,	10));	console.log(min(0,	-10));	If	you	have	trouble	putting	braces	and	parentheses	in	the	right	place	to	get	a	valid	function	definition,	start	by	copying	one	of	the	examples	in
this	chapter	and	modifying	it.	A	function	may	contain	multiple	return	statements.	Recursion	We’ve	seen	that	%	(the	remainder	operator)	can	be	used	to	test	whether	a	number	is	even	or	odd	by	using	%	2	to	see	whether	it’s	divisible	by	two.	Here’s	another	way	to	define	whether	a	positive	whole	number	is	even	or	odd:	Zero	is	even.	One	is	odd.	For	any
other	number	N,	its	evenness	is	the	same	as	N	-	2.	Define	a	recursive	function	isEven	corresponding	to	this	description.	The	function	should	accept	a	single	parameter	(a	positive,	whole	number)	and	return	a	Boolean.	Test	it	on	50	and	75.	See	how	it	behaves	on	-1.	Why?	Can	you	think	of	a	way	to	fix	this?	console.log(isEven(50));	console.log(isEven(75));
console.log(isEven(-1));	Your	function	will	likely	look	somewhat	similar	to	the	inner	find	function	in	the	recursive	findSolution	example	in	this	chapter,	with	an	if/else	if/else	chain	that	tests	which	of	the	three	cases	applies.	The	final	else,	corresponding	to	the	third	case,	makes	the	recursive	call.	Each	of	the	branches	should	contain	a	return	statement	or
in	some	other	way	arrange	for	a	specific	value	to	be	returned.	When	given	a	negative	number,	the	function	will	recurse	again	and	again,	passing	itself	an	ever	more	negative	number,	thus	getting	further	and	further	away	from	returning	a	result.	It	will	eventually	run	out	of	stack	space	and	abort.	Bean	counting	You	can	get	the	Nth	character,	or	letter,
from	a	string	by	writing	"string"[N].	The	returned	value	will	be	a	string	containing	only	one	character	(for	example,	"b").	The	first	character	has	position	0,	which	causes	the	last	one	to	be	found	at	position	string.length	-	1.	In	other	words,	a	two-character	string	has	length	2,	and	its	characters	have	positions	0	and	1.	Write	a	function	countBs	that	takes
a	string	as	its	only	argument	and	returns	a	number	that	indicates	how	many	uppercase	“B”	characters	there	are	in	the	string.	Next,	write	a	function	called	countChar	that	behaves	like	countBs,	except	it	takes	a	second	argument	that	indicates	the	character	that	is	to	be	counted	(rather	than	counting	only	uppercase	“B”	characters).	Rewrite	countBs	to
make	use	of	this	new	function.	console.log(countBs("BBC"));	console.log(countChar("kakkerlak",	"k"));	Your	function	will	need	a	loop	that	looks	at	every	character	in	the	string.	It	can	run	an	index	from	zero	to	one	below	its	length	(<	string.length).	If	the	character	at	the	current	position	is	the	same	as	the	one	the	function	is	looking	for,	it	adds	1	to	a
counter	variable.	Once	the	loop	has	finished,	the	counter	can	be	returned.	Take	care	to	make	all	the	bindings	used	in	the	function	local	to	the	function	by	properly	declaring	them	with	the	let	or	const	keyword.	◀	◆	▶	Page	10	◀	◆	▶	Tzu-li	and	Tzu-ssu	were	boasting	about	the	size	of	their	latest	programs.	‘Two-hundred	thousand	lines,’	said	Tzu-li,	‘not
counting	comments!’	Tzu-ssu	responded,	‘Pssh,	mine	is	almost	a	million	lines	already.’	Master	Yuan-Ma	said,	‘My	best	program	has	five	hundred	lines.’	Hearing	this,	Tzu-li	and	Tzu-ssu	were	enlightened.	Master	Yuan-Ma,	The	Book	of	Programming	There	are	two	ways	of	constructing	a	software	design:	One	way	is	to	make	it	so	simple	that	there	are
obviously	no	deficiencies,	and	the	other	way	is	to	make	it	so	complicated	that	there	are	no	obvious	deficiencies.	C.A.R.	Hoare,	1980	ACM	Turing	Award	Lecture	A	large	program	is	a	costly	program,	and	not	just	because	of	the	time	it	takes	to	build.	Size	almost	always	involves	complexity,	and	complexity	confuses	programmers.	Confused	programmers,
in	turn,	introduce	mistakes	(bugs)	into	programs.	A	large	program	then	provides	a	lot	of	space	for	these	bugs	to	hide,	making	them	hard	to	find.	Let’s	briefly	go	back	to	the	final	two	example	programs	in	the	introduction.	The	first	is	self-contained	and	six	lines	long.	let	total	=	0,	count	=	1;	while	(count	{	labels.push(`Unit	${i	+	1}`);	});
console.log(labels);	This	is	structured	a	little	like	a	for	loop—it	first	describes	the	kind	of	loop	and	then	provides	a	body.	However,	the	body	is	now	written	as	a	function	value,	which	is	wrapped	in	the	parentheses	of	the	call	to	repeat.	This	is	why	it	has	to	be	closed	with	the	closing	brace	and	closing	parenthesis.	In	cases	like	this	example,	where	the	body
is	a	single	small	expression,	you	could	also	omit	the	braces	and	write	the	loop	on	a	single	line.	Higher-order	functions	Functions	that	operate	on	other	functions,	either	by	taking	them	as	arguments	or	by	returning	them,	are	called	higher-order	functions.	Since	we	have	already	seen	that	functions	are	regular	values,	there	is	nothing	particularly
remarkable	about	the	fact	that	such	functions	exist.	The	term	comes	from	mathematics,	where	the	distinction	between	functions	and	other	values	is	taken	more	seriously.	Higher-order	functions	allow	us	to	abstract	over	actions,	not	just	values.	They	come	in	several	forms.	For	example,	we	can	have	functions	that	create	new	functions.	function
greaterThan(n)	{	return	m	=>	m	>	n;	}	let	greaterThan10	=	greaterThan(10);	console.log(greaterThan10(11));	And	we	can	have	functions	that	change	other	functions.	function	noisy(f)	{	return	(args)	=>	{	console.log("calling	with",	args);	let	result	=	f(args);	console.log("called	with",	args,	",	returned",	result);	return	result;	};	}	noisy(Math.min)(3,	2,
1);	We	can	even	write	functions	that	provide	new	types	of	control	flow.	function	unless(test,	then)	{	if	(!test)	then();	}	repeat(3,	n	=>	{	unless(n	%	2	==	1,	()	=>	{	console.log(n,	"is	even");	});	});	There	is	a	built-in	array	method,	forEach,	that	provides	something	like	a	for/of	loop	as	a	higher-order	function.	["A",	"B"].forEach(l	=>	console.log(l));	Script
data	set	One	area	where	higher-order	functions	shine	is	data	processing.	To	process	data,	we’ll	need	some	actual	data.	This	chapter	will	use	a	data	set	about	scripts—writing	systems	such	as	Latin,	Cyrillic,	or	Arabic.	Remember	Unicode	from	Chapter	1,	the	system	that	assigns	a	number	to	each	character	in	written	language?	Most	of	these	characters
are	associated	with	a	specific	script.	The	standard	contains	140	different	scripts—81	are	still	in	use	today,	and	59	are	historic.	Though	I	can	fluently	read	only	Latin	characters,	I	appreciate	the	fact	that	people	are	writing	texts	in	at	least	80	other	writing	systems,	many	of	which	I	wouldn’t	even	recognize.	For	example,	here’s	a	sample	of	Tamil
handwriting:	The	example	data	set	contains	some	pieces	of	information	about	the	140	scripts	defined	in	Unicode.	It	is	available	in	the	coding	sandbox	for	this	chapter	as	the	SCRIPTS	binding.	The	binding	contains	an	array	of	objects,	each	of	which	describes	a	script.	{	name:	"Coptic",	ranges:	[[994,	1008],	[11392,	11508],	[11513,	11520]],	direction:
"ltr",	year:	-200,	living:	false,	link:	"	}	Such	an	object	tells	us	the	name	of	the	script,	the	Unicode	ranges	assigned	to	it,	the	direction	in	which	it	is	written,	the	(approximate)	origin	time,	whether	it	is	still	in	use,	and	a	link	to	more	information.	The	direction	may	be	"ltr"	for	left	to	right,	"rtl"	for	right	to	left	(the	way	Arabic	and	Hebrew	text	are	written),	or
"ttb"	for	top	to	bottom	(as	with	Mongolian	writing).	The	ranges	property	contains	an	array	of	Unicode	character	ranges,	each	of	which	is	a	two-element	array	containing	a	lower	bound	and	an	upper	bound.	Any	character	codes	within	these	ranges	are	assigned	to	the	script.	The	lower	bound	is	inclusive	(code	994	is	a	Coptic	character),	and	the	upper
bound	is	non-inclusive	(code	1008	isn’t).	Filtering	arrays	To	find	the	scripts	in	the	data	set	that	are	still	in	use,	the	following	function	might	be	helpful.	It	filters	out	the	elements	in	an	array	that	don’t	pass	a	test.	function	filter(array,	test)	{	let	passed	=	[];	for	(let	element	of	array)	{	if	(test(element))	{	passed.push(element);	}	}	return	passed;	}
console.log(filter(SCRIPTS,	script	=>	script.living));	The	function	uses	the	argument	named	test,	a	function	value,	to	fill	a	“gap”	in	the	computation—the	process	of	deciding	which	elements	to	collect.	Note	how	the	filter	function,	rather	than	deleting	elements	from	the	existing	array,	builds	up	a	new	array	with	only	the	elements	that	pass	the	test.	This
function	is	pure.	It	does	not	modify	the	array	it	is	given.	Like	forEach,	filter	is	a	standard	array	method.	The	example	defined	the	function	only	to	show	what	it	does	internally.	From	now	on,	we’ll	use	it	like	this	instead:	console.log(SCRIPTS.filter(s	=>	s.direction	==	"ttb"));	Transforming	with	map	Say	we	have	an	array	of	objects	representing	scripts,
produced	by	filtering	the	SCRIPTS	array	somehow.	But	we	want	an	array	of	names,	which	is	easier	to	inspect.	The	map	method	transforms	an	array	by	applying	a	function	to	all	of	its	elements	and	building	a	new	array	from	the	returned	values.	The	new	array	will	have	the	same	length	as	the	input	array,	but	its	content	will	have	been	mapped	to	a	new
form	by	the	function.	function	map(array,	transform)	{	let	mapped	=	[];	for	(let	element	of	array)	{	mapped.push(transform(element));	}	return	mapped;	}	let	rtlScripts	=	SCRIPTS.filter(s	=>	s.direction	==	"rtl");	console.log(map(rtlScripts,	s	=>	s.name));	Like	forEach	and	filter,	map	is	a	standard	array	method.	Summarizing	with	reduce	Another
common	thing	to	do	with	arrays	is	to	compute	a	single	value	from	them.	Our	recurring	example,	summing	a	collection	of	numbers,	is	an	instance	of	this.	Another	example	is	finding	the	script	with	the	most	characters.	The	higher-order	operation	that	represents	this	pattern	is	called	reduce	(sometimes	also	called	fold).	It	builds	a	value	by	repeatedly
taking	a	single	element	from	the	array	and	combining	it	with	the	current	value.	When	summing	numbers,	you’d	start	with	the	number	zero	and,	for	each	element,	add	that	to	the	sum.	The	parameters	to	reduce	are,	apart	from	the	array,	a	combining	function	and	a	start	value.	This	function	is	a	little	less	straightforward	than	filter	and	map,	so	take	a
close	look	at	it:	function	reduce(array,	combine,	start)	{	let	current	=	start;	for	(let	element	of	array)	{	current	=	combine(current,	element);	}	return	current;	}	console.log(reduce([1,	2,	3,	4],	(a,	b)	=>	a	+	b,	0));	The	standard	array	method	reduce,	which	of	course	corresponds	to	this	function,	has	an	added	convenience.	If	your	array	contains	at	least
one	element,	you	are	allowed	to	leave	off	the	start	argument.	The	method	will	take	the	first	element	of	the	array	as	its	start	value	and	start	reducing	at	the	second	element.	console.log([1,	2,	3,	4].reduce((a,	b)	=>	a	+	b));	To	use	reduce	(twice)	to	find	the	script	with	the	most	characters,	we	can	write	something	like	this:	function	characterCount(script)	{
return	script.ranges.reduce((count,	[from,	to])	=>	{	return	count	+	(to	-	from);	},	0);	}	console.log(SCRIPTS.reduce((a,	b)	=>	{	return	characterCount(a)	<	characterCount(b)	?	b	:	a;	}));	The	characterCount	function	reduces	the	ranges	assigned	to	a	script	by	summing	their	sizes.	Note	the	use	of	destructuring	in	the	parameter	list	of	the	reducer
function.	The	second	call	to	reduce	then	uses	this	to	find	the	largest	script	by	repeatedly	comparing	two	scripts	and	returning	the	larger	one.	The	Han	script	has	more	than	89,000	characters	assigned	to	it	in	the	Unicode	standard,	making	it	by	far	the	biggest	writing	system	in	the	data	set.	Han	is	a	script	(sometimes)	used	for	Chinese,	Japanese,	and
Korean	text.	Those	languages	share	a	lot	of	characters,	though	they	tend	to	write	them	differently.	The	(U.S.-based)	Unicode	Consortium	decided	to	treat	them	as	a	single	writing	system	to	save	character	codes.	This	is	called	Han	unification	and	still	makes	some	people	very	angry.	Composability	Consider	how	we	would	have	written	the	previous
example	(finding	the	biggest	script)	without	higher-order	functions.	The	code	is	not	that	much	worse.	let	biggest	=	null;	for	(let	script	of	SCRIPTS)	{	if	(biggest	==	null	||	characterCount(biggest)	<	characterCount(script))	{	biggest	=	script;	}	}	console.log(biggest);	There	are	a	few	more	bindings,	and	the	program	is	four	lines	longer.	But	it	is	still	very
readable.	Higher-order	functions	start	to	shine	when	you	need	to	compose	operations.	As	an	example,	let’s	write	code	that	finds	the	average	year	of	origin	for	living	and	dead	scripts	in	the	data	set.	function	average(array)	{	return	array.reduce((a,	b)	=>	a	+	b)	/	array.length;	}	console.log(Math.round(average(	SCRIPTS.filter(s	=>	s.living).map(s	=>
s.year))));	console.log(Math.round(average(	SCRIPTS.filter(s	=>	!s.living).map(s	=>	s.year))));	So	the	dead	scripts	in	Unicode	are,	on	average,	older	than	the	living	ones.	This	is	not	a	terribly	meaningful	or	surprising	statistic.	But	I	hope	you’ll	agree	that	the	code	used	to	compute	it	isn’t	hard	to	read.	You	can	see	it	as	a	pipeline:	we	start	with	all	scripts,
filter	out	the	living	(or	dead)	ones,	take	the	years	from	those,	average	them,	and	round	the	result.	You	could	definitely	also	write	this	computation	as	one	big	loop.	let	total	=	0,	count	=	0;	for	(let	script	of	SCRIPTS)	{	if	(script.living)	{	total	+=	script.year;	count	+=	1;	}	}	console.log(Math.round(total	/	count));	But	it	is	harder	to	see	what	was	being
computed	and	how.	And	because	intermediate	results	aren’t	represented	as	coherent	values,	it’d	be	a	lot	more	work	to	extract	something	like	average	into	a	separate	function.	In	terms	of	what	the	computer	is	actually	doing,	these	two	approaches	are	also	quite	different.	The	first	will	build	up	new	arrays	when	running	filter	and	map,	whereas	the
second	computes	only	some	numbers,	doing	less	work.	You	can	usually	afford	the	readable	approach,	but	if	you’re	processing	huge	arrays,	and	doing	so	many	times,	the	less	abstract	style	might	be	worth	the	extra	speed.	Strings	and	character	codes	One	use	of	the	data	set	would	be	figuring	out	what	script	a	piece	of	text	is	using.	Let’s	go	through	a
program	that	does	this.	Remember	that	each	script	has	an	array	of	character	code	ranges	associated	with	it.	So	given	a	character	code,	we	could	use	a	function	like	this	to	find	the	corresponding	script	(if	any):	function	characterScript(code)	{	for	(let	script	of	SCRIPTS)	{	if	(script.ranges.some(([from,	to])	=>	{	return	code	>=	from	&&	code	<	to;	}))	{
return	script;	}	}	return	null;	}	console.log(characterScript(121));	The	some	method	is	another	higher-order	function.	It	takes	a	test	function	and	tells	you	whether	that	function	returns	true	for	any	of	the	elements	in	the	array.	But	how	do	we	get	the	character	codes	in	a	string?	In	Chapter	1	I	mentioned	that	JavaScript	strings	are	encoded	as	a
sequence	of	16-bit	numbers.	These	are	called	code	units.	A	Unicode	character	code	was	initially	supposed	to	fit	within	such	a	unit	(which	gives	you	a	little	over	65,000	characters).	When	it	became	clear	that	wasn’t	going	to	be	enough,	many	people	balked	at	the	need	to	use	more	memory	per	character.	To	address	these	concerns,	UTF-16,	the	format
used	by	JavaScript	strings,	was	invented.	It	describes	most	common	characters	using	a	single	16-bit	code	unit	but	uses	a	pair	of	two	such	units	for	others.	UTF-16	is	generally	considered	a	bad	idea	today.	It	seems	almost	intentionally	designed	to	invite	mistakes.	It’s	easy	to	write	programs	that	pretend	code	units	and	characters	are	the	same	thing.	And
if	your	language	doesn’t	use	two-unit	characters,	that	will	appear	to	work	just	fine.	But	as	soon	as	someone	tries	to	use	such	a	program	with	some	less	common	Chinese	characters,	it	breaks.	Fortunately,	with	the	advent	of	emoji,	everybody	has	started	using	two-unit	characters,	and	the	burden	of	dealing	with	such	problems	is	more	fairly	distributed.
Unfortunately,	obvious	operations	on	JavaScript	strings,	such	as	getting	their	length	through	the	length	property	and	accessing	their	content	using	square	brackets,	deal	only	with	code	units.	let	horseShoe	=	"";	console.log(horseShoe.length);	console.log(horseShoe[0]);	console.log(horseShoe.charCodeAt(0));	console.log(horseShoe.codePointAt(0));
JavaScript’s	charCodeAt	method	gives	you	a	code	unit,	not	a	full	character	code.	The	codePointAt	method,	added	later,	does	give	a	full	Unicode	character.	So	we	could	use	that	to	get	characters	from	a	string.	But	the	argument	passed	to	codePointAt	is	still	an	index	into	the	sequence	of	code	units.	So	to	run	over	all	characters	in	a	string,	we’d	still	need
to	deal	with	the	question	of	whether	a	character	takes	up	one	or	two	code	units.	In	the	previous	chapter,	I	mentioned	that	a	for/of	loop	can	also	be	used	on	strings.	Like	codePointAt,	this	type	of	loop	was	introduced	at	a	time	where	people	were	acutely	aware	of	the	problems	with	UTF-16.	When	you	use	it	to	loop	over	a	string,	it	gives	you	real
characters,	not	code	units.	let	roseDragon	=	"";	for	(let	char	of	roseDragon)	{	console.log(char);	}	If	you	have	a	character	(which	will	be	a	string	of	one	or	two	code	units),	you	can	use	codePointAt(0)	to	get	its	code.	Recognizing	text	We	have	a	characterScript	function	and	a	way	to	correctly	loop	over	characters.	The	next	step	is	to	count	the	characters
that	belong	to	each	script.	The	following	counting	abstraction	will	be	useful	there:	function	countBy(items,	groupName)	{	let	counts	=	[];	for	(let	item	of	items)	{	let	name	=	groupName(item);	let	known	=	counts.findIndex(c	=>	c.name	==	name);	if	(known	==	-1)	{	counts.push({name,	count:	1});	}	else	{	counts[known].count++;	}	}	return	counts;	}
console.log(countBy([1,	2,	3,	4,	5],	n	=>	n	>	2));	The	countBy	function	expects	a	collection	(anything	that	we	can	loop	over	with	for/of)	and	a	function	that	computes	a	group	name	for	a	given	element.	It	returns	an	array	of	objects,	each	of	which	names	a	group	and	tells	you	the	number	of	elements	that	were	found	in	that	group.	It	uses	another	array
method—findIndex.	This	method	is	somewhat	like	indexOf,	but	instead	of	looking	for	a	specific	value,	it	finds	the	first	value	for	which	the	given	function	returns	true.	Like	indexOf,	it	returns	-1	when	no	such	element	is	found.	Using	countBy,	we	can	write	the	function	that	tells	us	which	scripts	are	used	in	a	piece	of	text.	function	textScripts(text)	{	let
scripts	=	countBy(text,	char	=>	{	let	script	=	characterScript(char.codePointAt(0));	return	script	?	script.name	:	"none";	}).filter(({name})	=>	name	!=	"none");	let	total	=	scripts.reduce((n,	{count})	=>	n	+	count,	0);	if	(total	==	0)	return	"No	scripts	found";	return	scripts.map(({name,	count})	=>	{	return	`${Math.round(count	*	100	/	total)}%
${name}`;	}).join(",	");	}	console.log(textScripts('英国的狗说"woof",	俄罗斯的狗说"тяв"'));	The	function	first	counts	the	characters	by	name,	using	characterScript	to	assign	them	a	name	and	falling	back	to	the	string	"none"	for	characters	that	aren’t	part	of	any	script.	The	filter	call	drops	the	entry	for	"none"	from	the	resulting	array	since	we	aren’t
interested	in	those	characters.	To	be	able	to	compute	percentages,	we	first	need	the	total	number	of	characters	that	belong	to	a	script,	which	we	can	compute	with	reduce.	If	no	such	characters	are	found,	the	function	returns	a	specific	string.	Otherwise,	it	transforms	the	counting	entries	into	readable	strings	with	map	and	then	combines	them	with
join.	Summary	Being	able	to	pass	function	values	to	other	functions	is	a	deeply	useful	aspect	of	JavaScript.	It	allows	us	to	write	functions	that	model	computations	with	“gaps”	in	them.	The	code	that	calls	these	functions	can	fill	in	the	gaps	by	providing	function	values.	Arrays	provide	a	number	of	useful	higher-order	methods.	You	can	use	forEach	to
loop	over	the	elements	in	an	array.	The	filter	method	returns	a	new	array	containing	only	the	elements	that	pass	the	predicate	function.	Transforming	an	array	by	putting	each	element	through	a	function	is	done	with	map.	You	can	use	reduce	to	combine	all	the	elements	in	an	array	into	a	single	value.	The	some	method	tests	whether	any	element
matches	a	given	predicate	function.	And	findIndex	finds	the	position	of	the	first	element	that	matches	a	predicate.	Exercises	Flattening	Use	the	reduce	method	in	combination	with	the	concat	method	to	“flatten”	an	array	of	arrays	into	a	single	array	that	has	all	the	elements	of	the	original	arrays.	let	arrays	=	[[1,	2,	3],	[4,	5],	[6]];	Your	own	loop	Write	a
higher-order	function	loop	that	provides	something	like	a	for	loop	statement.	It	takes	a	value,	a	test	function,	an	update	function,	and	a	body	function.	Each	iteration,	it	first	runs	the	test	function	on	the	current	loop	value	and	stops	if	that	returns	false.	Then	it	calls	the	body	function,	giving	it	the	current	value.	Finally,	it	calls	the	update	function	to
create	a	new	value	and	starts	from	the	beginning.	When	defining	the	function,	you	can	use	a	regular	loop	to	do	the	actual	looping.	loop(3,	n	=>	n	>	0,	n	=>	n	-	1,	console.log);	Everything	Analogous	to	the	some	method,	arrays	also	have	an	every	method.	This	one	returns	true	when	the	given	function	returns	true	for	every	element	in	the	array.	In	a	way,
some	is	a	version	of	the	||	operator	that	acts	on	arrays,	and	every	is	like	the	&&	operator.	Implement	every	as	a	function	that	takes	an	array	and	a	predicate	function	as	parameters.	Write	two	versions,	one	using	a	loop	and	one	using	the	some	method.	function	every(array,	test)	{	}	console.log(every([1,	3,	5],	n	=>	n	<	10));	console.log(every([2,	4,	16],
n	=>	n	<	10));	console.log(every([],	n	=>	n	<	10));	Like	the	&&	operator,	the	every	method	can	stop	evaluating	further	elements	as	soon	as	it	has	found	one	that	doesn’t	match.	So	the	loop-based	version	can	jump	out	of	the	loop—with	break	or	return—as	soon	as	it	runs	into	an	element	for	which	the	predicate	function	returns	false.	If	the	loop	runs	to
its	end	without	finding	such	an	element,	we	know	that	all	elements	matched	and	we	should	return	true.	To	build	every	on	top	of	some,	we	can	apply	De	Morgan’s	laws,	which	state	that	a	&&	b	equals	!(!a	||	!b).	This	can	be	generalized	to	arrays,	where	all	elements	in	the	array	match	if	there	is	no	element	in	the	array	that	does	not	match.	Dominant
writing	direction	Write	a	function	that	computes	the	dominant	writing	direction	in	a	string	of	text.	Remember	that	each	script	object	has	a	direction	property	that	can	be	"ltr"	(left	to	right),	"rtl"	(right	to	left),	or	"ttb"	(top	to	bottom).	The	dominant	direction	is	the	direction	of	a	majority	of	the	characters	that	have	a	script	associated	with	them.	The
characterScript	and	countBy	functions	defined	earlier	in	the	chapter	are	probably	useful	here.	function	dominantDirection(text)	{	}	console.log(dominantDirection("Hello!"));	console.log(dominantDirection("Hey,	 ريخلا 	 ءاسم "));	Your	solution	might	look	a	lot	like	the	first	half	of	the	textScripts	example.	You	again	have	to	count	characters	by	a	criterion	based
on	characterScript	and	then	filter	out	the	part	of	the	result	that	refers	to	uninteresting	(script-less)	characters.	Finding	the	direction	with	the	highest	character	count	can	be	done	with	reduce.	If	it’s	not	clear	how,	refer	to	the	example	earlier	in	the	chapter,	where	reduce	was	used	to	find	the	script	with	the	most	characters.	◀	◆	▶	Page	11	◀	◆	▶	Below
the	surface	of	the	machine,	the	program	moves.	Without	effort,	it	expands	and	contracts.	In	great	harmony,	electrons	scatter	and	regroup.	The	forms	on	the	monitor	are	but	ripples	on	the	water.	The	essence	stays	invisibly	below.	Master	Yuan-Ma,	The	Book	of	Programming	Inside	the	computer’s	world,	there	is	only	data.	You	can	read	data,	modify	data,
create	new	data—but	that	which	isn’t	data	cannot	be	mentioned.	All	this	data	is	stored	as	long	sequences	of	bits	and	is	thus	fundamentally	alike.	Bits	are	any	kind	of	two-valued	things,	usually	described	as	zeros	and	ones.	Inside	the	computer,	they	take	forms	such	as	a	high	or	low	electrical	charge,	a	strong	or	weak	signal,	or	a	shiny	or	dull	spot	on	the
surface	of	a	CD.	Any	piece	of	discrete	information	can	be	reduced	to	a	sequence	of	zeros	and	ones	and	thus	represented	in	bits.	For	example,	we	can	express	the	number	13	in	bits.	It	works	the	same	way	as	a	decimal	number,	but	instead	of	10	different	digits,	you	have	only	2,	and	the	weight	of	each	increases	by	a	factor	of	2	from	right	to	left.	Here	are
the	bits	that	make	up	the	number	13,	with	the	weights	of	the	digits	shown	below	them:	0	0	0	0	1	1	0	1	128	64	32	16	8	4	2	1	So	that’s	the	binary	number	00001101.	Its	non-zero	digits	stand	for	8,	4,	and	1,	and	add	up	to	13.	Values	Imagine	a	sea	of	bits—an	ocean	of	them.	A	typical	modern	computer	has	more	than	30	billion	bits	in	its	volatile	data	storage
(working	memory).	Nonvolatile	storage	(the	hard	disk	or	equivalent)	tends	to	have	yet	a	few	orders	of	magnitude	more.	To	be	able	to	work	with	such	quantities	of	bits	without	getting	lost,	we	must	separate	them	into	chunks	that	represent	pieces	of	information.	In	a	JavaScript	environment,	those	chunks	are	called	values.	Though	all	values	are	made	of
bits,	they	play	different	roles.	Every	value	has	a	type	that	determines	its	role.	Some	values	are	numbers,	some	values	are	pieces	of	text,	some	values	are	functions,	and	so	on.	To	create	a	value,	you	must	merely	invoke	its	name.	This	is	convenient.	You	don’t	have	to	gather	building	material	for	your	values	or	pay	for	them.	You	just	call	for	one,	and
whoosh,	you	have	it.	They	are	not	really	created	from	thin	air,	of	course.	Every	value	has	to	be	stored	somewhere,	and	if	you	want	to	use	a	gigantic	amount	of	them	at	the	same	time,	you	might	run	out	of	memory.	Fortunately,	this	is	a	problem	only	if	you	need	them	all	simultaneously.	As	soon	as	you	no	longer	use	a	value,	it	will	dissipate,	leaving	behind
its	bits	to	be	recycled	as	building	material	for	the	next	generation	of	values.	This	chapter	introduces	the	atomic	elements	of	JavaScript	programs,	that	is,	the	simple	value	types	and	the	operators	that	can	act	on	such	values.	Numbers	Values	of	the	number	type	are,	unsurprisingly,	numeric	values.	In	a	JavaScript	program,	they	are	written	as	follows:	13
Use	that	in	a	program,	and	it	will	cause	the	bit	pattern	for	the	number	13	to	come	into	existence	inside	the	computer’s	memory.	JavaScript	uses	a	fixed	number	of	bits,	64	of	them,	to	store	a	single	number	value.	There	are	only	so	many	patterns	you	can	make	with	64	bits,	which	means	that	the	number	of	different	numbers	that	can	be	represented	is
limited.	With	N	decimal	digits,	you	can	represent	10N	numbers.	Similarly,	given	64	binary	digits,	you	can	represent	264	different	numbers,	which	is	about	18	quintillion	(an	18	with	18	zeros	after	it).	That’s	a	lot.	Computer	memory	used	to	be	much	smaller,	and	people	tended	to	use	groups	of	8	or	16	bits	to	represent	their	numbers.	It	was	easy	to
accidentally	overflow	such	small	numbers—to	end	up	with	a	number	that	did	not	fit	into	the	given	number	of	bits.	Today,	even	computers	that	fit	in	your	pocket	have	plenty	of	memory,	so	you	are	free	to	use	64-bit	chunks,	and	you	need	to	worry	about	overflow	only	when	dealing	with	truly	astronomical	numbers.	Not	all	whole	numbers	less	than	18
quintillion	fit	in	a	JavaScript	number,	though.	Those	bits	also	store	negative	numbers,	so	one	bit	indicates	the	sign	of	the	number.	A	bigger	issue	is	that	nonwhole	numbers	must	also	be	represented.	To	do	this,	some	of	the	bits	are	used	to	store	the	position	of	the	decimal	point.	The	actual	maximum	whole	number	that	can	be	stored	is	more	in	the	range
of	9	quadrillion	(15	zeros)—which	is	still	pleasantly	huge.	Fractional	numbers	are	written	by	using	a	dot.	9.81	For	very	big	or	very	small	numbers,	you	may	also	use	scientific	notation	by	adding	an	e	(for	exponent),	followed	by	the	exponent	of	the	number.	2.998e8	That	is	2.998	×	108	=	299,800,000.	Calculations	with	whole	numbers	(also	called
integers)	smaller	than	the	aforementioned	9	quadrillion	are	guaranteed	to	always	be	precise.	Unfortunately,	calculations	with	fractional	numbers	are	generally	not.	Just	as	π	(pi)	cannot	be	precisely	expressed	by	a	finite	number	of	decimal	digits,	many	numbers	lose	some	precision	when	only	64	bits	are	available	to	store	them.	This	is	a	shame,	but	it
causes	practical	problems	only	in	specific	situations.	The	important	thing	is	to	be	aware	of	it	and	treat	fractional	digital	numbers	as	approximations,	not	as	precise	values.	Arithmetic	The	main	thing	to	do	with	numbers	is	arithmetic.	Arithmetic	operations	such	as	addition	or	multiplication	take	two	number	values	and	produce	a	new	number	from	them.
Here	is	what	they	look	like	in	JavaScript:	100	+	4	*	11	The	+	and	*	symbols	are	called	operators.	The	first	stands	for	addition,	and	the	second	stands	for	multiplication.	Putting	an	operator	between	two	values	will	apply	it	to	those	values	and	produce	a	new	value.	But	does	the	example	mean	“add	4	and	100,	and	multiply	the	result	by	11,”	or	is	the
multiplication	done	before	the	adding?	As	you	might	have	guessed,	the	multiplication	happens	first.	But	as	in	mathematics,	you	can	change	this	by	wrapping	the	addition	in	parentheses.	(100	+	4)	*	11	For	subtraction,	there	is	the	-	operator,	and	division	can	be	done	with	the	/	operator.	When	operators	appear	together	without	parentheses,	the	order	in
which	they	are	applied	is	determined	by	the	precedence	of	the	operators.	The	example	shows	that	multiplication	comes	before	addition.	The	/	operator	has	the	same	precedence	as	*.	Likewise	for	+	and	-.	When	multiple	operators	with	the	same	precedence	appear	next	to	each	other,	as	in	1	-	2	+	1,	they	are	applied	left	to	right:	(1	-	2)	+	1.	These	rules	of
precedence	are	not	something	you	should	worry	about.	When	in	doubt,	just	add	parentheses.	There	is	one	more	arithmetic	operator,	which	you	might	not	immediately	recognize.	The	%	symbol	is	used	to	represent	the	remainder	operation.	X	%	Y	is	the	remainder	of	dividing	X	by	Y.	For	example,	314	%	100	produces	14,	and	144	%	12	gives	0.	The
remainder	operator’s	precedence	is	the	same	as	that	of	multiplication	and	division.	You’ll	also	often	see	this	operator	referred	to	as	modulo.	Special	numbers	There	are	three	special	values	in	JavaScript	that	are	considered	numbers	but	don’t	behave	like	normal	numbers.	The	first	two	are	Infinity	and	-Infinity,	which	represent	the	positive	and	negative
infinities.	Infinity	-	1	is	still	Infinity,	and	so	on.	Don’t	put	too	much	trust	in	infinity-based	computation,	though.	It	isn’t	mathematically	sound,	and	it	will	quickly	lead	to	the	next	special	number:	NaN.	NaN	stands	for	“not	a	number”,	even	though	it	is	a	value	of	the	number	type.	You’ll	get	this	result	when	you,	for	example,	try	to	calculate	0	/	0	(zero
divided	by	zero),	Infinity	-	Infinity,	or	any	number	of	other	numeric	operations	that	don’t	yield	a	meaningful	result.	Strings	The	next	basic	data	type	is	the	string.	Strings	are	used	to	represent	text.	They	are	written	by	enclosing	their	content	in	quotes.	`Down	on	the	sea`	"Lie	on	the	ocean"	'Float	on	the	ocean'	You	can	use	single	quotes,	double	quotes,	or
backticks	to	mark	strings,	as	long	as	the	quotes	at	the	start	and	the	end	of	the	string	match.	Almost	anything	can	be	put	between	quotes,	and	JavaScript	will	make	a	string	value	out	of	it.	But	a	few	characters	are	more	difficult.	You	can	imagine	how	putting	quotes	between	quotes	might	be	hard.	Newlines	(the	characters	you	get	when	you	press	enter)
can	be	included	without	escaping	only	when	the	string	is	quoted	with	backticks	(`).	To	make	it	possible	to	include	such	characters	in	a	string,	the	following	notation	is	used:	whenever	a	backslash	(\)	is	found	inside	quoted	text,	it	indicates	that	the	character	after	it	has	a	special	meaning.	This	is	called	escaping	the	character.	A	quote	that	is	preceded	by
a	backslash	will	not	end	the	string	but	be	part	of	it.	When	an	n	character	occurs	after	a	backslash,	it	is	interpreted	as	a	newline.	Similarly,	a	t	after	a	backslash	means	a	tab	character.	Take	the	following	string:	"This	is	the	first	lineAnd	this	is	the	second"	The	actual	text	contained	is	this:	This	is	the	first	line	And	this	is	the	second	There	are,	of	course,
situations	where	you	want	a	backslash	in	a	string	to	be	just	a	backslash,	not	a	special	code.	If	two	backslashes	follow	each	other,	they	will	collapse	together,	and	only	one	will	be	left	in	the	resulting	string	value.	This	is	how	the	string	“A	newline	character	is	written	like	"".”	can	be	expressed:	"A	newline	character	is	written	like	\"\\"."	Strings,	too,	have	to
be	modeled	as	a	series	of	bits	to	be	able	to	exist	inside	the	computer.	The	way	JavaScript	does	this	is	based	on	the	Unicode	standard.	This	standard	assigns	a	number	to	virtually	every	character	you	would	ever	need,	including	characters	from	Greek,	Arabic,	Japanese,	Armenian,	and	so	on.	If	we	have	a	number	for	every	character,	a	string	can	be
described	by	a	sequence	of	numbers.	And	that’s	what	JavaScript	does.	But	there’s	a	complication:	JavaScript’s	representation	uses	16	bits	per	string	element,	which	can	describe	up	to	216	different	characters.	But	Unicode	defines	more	characters	than	that—about	twice	as	many,	at	this	point.	So	some	characters,	such	as	many	emoji,	take	up	two
“character	positions”	in	JavaScript	strings.	We’ll	come	back	to	this	in	Chapter	5.	Strings	cannot	be	divided,	multiplied,	or	subtracted,	but	the	+	operator	can	be	used	on	them.	It	does	not	add,	but	it	concatenates—it	glues	two	strings	together.	The	following	line	will	produce	the	string	"concatenate":	"con"	+	"cat"	+	"e"	+	"nate"	String	values	have	a
number	of	associated	functions	(methods)	that	can	be	used	to	perform	other	operations	on	them.	I’ll	say	more	about	these	in	Chapter	4.	Strings	written	with	single	or	double	quotes	behave	very	much	the	same—the	only	difference	is	in	which	type	of	quote	you	need	to	escape	inside	of	them.	Backtick-quoted	strings,	usually	called	template	literals,	can
do	a	few	more	tricks.	Apart	from	being	able	to	span	lines,	they	can	also	embed	other	values.	`half	of	100	is	${100	/	2}`	When	you	write	something	inside	${}	in	a	template	literal,	its	result	will	be	computed,	converted	to	a	string,	and	included	at	that	position.	The	example	produces	“half	of	100	is	50”.	Unary	operators	Not	all	operators	are	symbols.
Some	are	written	as	words.	One	example	is	the	typeof	operator,	which	produces	a	string	value	naming	the	type	of	the	value	you	give	it.	console.log(typeof	4.5)	console.log(typeof	"x")	We	will	use	console.log	in	example	code	to	indicate	that	we	want	to	see	the	result	of	evaluating	something.	More	about	that	in	the	next	chapter.	The	other	operators
shown	all	operated	on	two	values,	but	typeof	takes	only	one.	Operators	that	use	two	values	are	called	binary	operators,	while	those	that	take	one	are	called	unary	operators.	The	minus	operator	can	be	used	both	as	a	binary	operator	and	as	a	unary	operator.	console.log(-	(10	-	2))	Boolean	values	It	is	often	useful	to	have	a	value	that	distinguishes
between	only	two	possibilities,	like	“yes”	and	“no”	or	“on”	and	“off”.	For	this	purpose,	JavaScript	has	a	Boolean	type,	which	has	just	two	values,	true	and	false,	which	are	written	as	those	words.	Comparison	Here	is	one	way	to	produce	Boolean	values:	console.log(3	>	2)	console.log(3	<	2)	The	>	and	<	signs	are	the	traditional	symbols	for	“is	greater
than”	and	“is	less	than”,	respectively.	They	are	binary	operators.	Applying	them	results	in	a	Boolean	value	that	indicates	whether	they	hold	true	in	this	case.	Strings	can	be	compared	in	the	same	way.	console.log("Aardvark"	<	"Zoroaster")	The	way	strings	are	ordered	is	roughly	alphabetic	but	not	really	what	you’d	expect	to	see	in	a	dictionary:
uppercase	letters	are	always	“less”	than	lowercase	ones,	so	"Z"	<	"a",	and	nonalphabetic	characters	(!,	-,	and	so	on)	are	also	included	in	the	ordering.	When	comparing	strings,	JavaScript	goes	over	the	characters	from	left	to	right,	comparing	the	Unicode	codes	one	by	one.	Other	similar	operators	are	>=	(greater	than	or	equal	to),	,	==,	and	so	on),	and
then	the	rest.	This	order	has	been	chosen	such	that,	in	typical	expressions	like	the	following	one,	as	few	parentheses	as	possible	are	necessary:	1	+	1	==	2	&&	10	*	10	>	50	The	last	logical	operator	I	will	discuss	is	not	unary,	not	binary,	but	ternary,	operating	on	three	values.	It	is	written	with	a	question	mark	and	a	colon,	like	this:	console.log(true	?	1	:
2);	console.log(false	?	1	:	2);	This	one	is	called	the	conditional	operator	(or	sometimes	just	the	ternary	operator	since	it	is	the	only	such	operator	in	the	language).	The	value	on	the	left	of	the	question	mark	“picks”	which	of	the	other	two	values	will	come	out.	When	it	is	true,	it	chooses	the	middle	value,	and	when	it	is	false,	it	chooses	the	value	on	the
right.	Empty	values	There	are	two	special	values,	written	null	and	undefined,	that	are	used	to	denote	the	absence	of	a	meaningful	value.	They	are	themselves	values,	but	they	carry	no	information.	Many	operations	in	the	language	that	don’t	produce	a	meaningful	value	(you’ll	see	some	later)	yield	undefined	simply	because	they	have	to	yield	some	value.
The	difference	in	meaning	between	undefined	and	null	is	an	accident	of	JavaScript’s	design,	and	it	doesn’t	matter	most	of	the	time.	In	cases	where	you	actually	have	to	concern	yourself	with	these	values,	I	recommend	treating	them	as	mostly	interchangeable.	Automatic	type	conversion	In	the	Introduction,	I	mentioned	that	JavaScript	goes	out	of	its	way
to	accept	almost	any	program	you	give	it,	even	programs	that	do	odd	things.	This	is	nicely	demonstrated	by	the	following	expressions:	console.log(8	*	null)	console.log("5"	-	1)	console.log("5"	+	1)	console.log("five"	*	2)	console.log(false	==	0)	When	an	operator	is	applied	to	the	“wrong”	type	of	value,	JavaScript	will	quietly	convert	that	value	to	the	type
it	needs,	using	a	set	of	rules	that	often	aren’t	what	you	want	or	expect.	This	is	called	type	coercion.	The	null	in	the	first	expression	becomes	0,	and	the	"5"	in	the	second	expression	becomes	5	(from	string	to	number).	Yet	in	the	third	expression,	+	tries	string	concatenation	before	numeric	addition,	so	the	1	is	converted	to	"1"	(from	number	to	string).
When	something	that	doesn’t	map	to	a	number	in	an	obvious	way	(such	as	"five"	or	undefined)	is	converted	to	a	number,	you	get	the	value	NaN.	Further	arithmetic	operations	on	NaN	keep	producing	NaN,	so	if	you	find	yourself	getting	one	of	those	in	an	unexpected	place,	look	for	accidental	type	conversions.	When	comparing	values	of	the	same	type
using	==,	the	outcome	is	easy	to	predict:	you	should	get	true	when	both	values	are	the	same,	except	in	the	case	of	NaN.	But	when	the	types	differ,	JavaScript	uses	a	complicated	and	confusing	set	of	rules	to	determine	what	to	do.	In	most	cases,	it	just	tries	to	convert	one	of	the	values	to	the	other	value’s	type.	However,	when	null	or	undefined	occurs	on
either	side	of	the	operator,	it	produces	true	only	if	both	sides	are	one	of	null	or	undefined.	console.log(null	==	undefined);	console.log(null	==	0);	That	behavior	is	often	useful.	When	you	want	to	test	whether	a	value	has	a	real	value	instead	of	null	or	undefined,	you	can	compare	it	to	null	with	the	==	(or	!=)	operator.	But	what	if	you	want	to	test
whether	something	refers	to	the	precise	value	false?	Expressions	like	0	==	false	and	""	==	false	are	also	true	because	of	automatic	type	conversion.	When	you	do	not	want	any	type	conversions	to	happen,	there	are	two	additional	operators:	===	and	!==.	The	first	tests	whether	a	value	is	precisely	equal	to	the	other,	and	the	second	tests	whether	it	is
not	precisely	equal.	So	""	===	false	is	false	as	expected.	I	recommend	using	the	three-character	comparison	operators	defensively	to	prevent	unexpected	type	conversions	from	tripping	you	up.	But	when	you’re	certain	the	types	on	both	sides	will	be	the	same,	there	is	no	problem	with	using	the	shorter	operators.	Short-circuiting	of	logical	operators	The
logical	operators	&&	and	||	handle	values	of	different	types	in	a	peculiar	way.	They	will	convert	the	value	on	their	left	side	to	Boolean	type	in	order	to	decide	what	to	do,	but	depending	on	the	operator	and	the	result	of	that	conversion,	they	will	return	either	the	original	left-hand	value	or	the	right-hand	value.	The	||	operator,	for	example,	will	return	the
value	to	its	left	when	that	can	be	converted	to	true	and	will	return	the	value	on	its	right	otherwise.	This	has	the	expected	effect	when	the	values	are	Boolean	and	does	something	analogous	for	values	of	other	types.	console.log(null	||	"user")	console.log("Agnes"	||	"user")	We	can	use	this	functionality	as	a	way	to	fall	back	on	a	default	value.	If	you	have	a
value	that	might	be	empty,	you	can	put	||	after	it	with	a	replacement	value.	If	the	initial	value	can	be	converted	to	false,	you’ll	get	the	replacement	instead.	The	rules	for	converting	strings	and	numbers	to	Boolean	values	state	that	0,	NaN,	and	the	empty	string	("")	count	as	false,	while	all	the	other	values	count	as	true.	So	0	||	-1	produces	-1,	and	""	||	"!?"
yields	"!?".	The	&&	operator	works	similarly	but	the	other	way	around.	When	the	value	to	its	left	is	something	that	converts	to	false,	it	returns	that	value,	and	otherwise	it	returns	the	value	on	its	right.	Another	important	property	of	these	two	operators	is	that	the	part	to	their	right	is	evaluated	only	when	necessary.	In	the	case	of	true	||	X,	no	matter
what	X	is—even	if	it’s	a	piece	of	program	that	does	something	terrible—the	result	will	be	true,	and	X	is	never	evaluated.	The	same	goes	for	false	&&	X,	which	is	false	and	will	ignore	X.	This	is	called	short-circuit	evaluation.	The	conditional	operator	works	in	a	similar	way.	Of	the	second	and	third	values,	only	the	one	that	is	selected	is	evaluated.
Summary	We	looked	at	four	types	of	JavaScript	values	in	this	chapter:	numbers,	strings,	Booleans,	and	undefined	values.	Such	values	are	created	by	typing	in	their	name	(true,	null)	or	value	(13,	"abc").	You	can	combine	and	transform	values	with	operators.	We	saw	binary	operators	for	arithmetic	(+,	-,	*,	/,	and	%),	string	concatenation	(+),	comparison
(==,	!=,	===,	!==,	,	=),	and	logic	(&&,	||),	as	well	as	several	unary	operators	(-	to	negate	a	number,	!	to	negate	logically,	and	typeof	to	find	a	value’s	type)	and	a	ternary	operator	(?:)	to	pick	one	of	two	values	based	on	a	third	value.	This	gives	you	enough	information	to	use	JavaScript	as	a	pocket	calculator	but	not	much	more.	The	next	chapter	will
start	tying	these	expressions	together	into	basic	programs.◀	◆	▶	Page	12	◀	◆	▶	And	my	heart	glows	bright	red	under	my	filmy,	translucent	skin	and	they	have	to	administer	10cc	of	JavaScript	to	get	me	to	come	back.	(I	respond	well	to	toxins	in	the	blood.)	Man,	that	stuff	will	kick	the	peaches	right	out	your	gills!	_why,	Why's	(Poignant)	Guide	to	Ruby	In
this	chapter,	we	will	start	to	do	things	that	can	actually	be	called	programming.	We	will	expand	our	command	of	the	JavaScript	language	beyond	the	nouns	and	sentence	fragments	we’ve	seen	so	far,	to	the	point	where	we	can	express	meaningful	prose.	Expressions	and	statements	In	Chapter	1,	we	made	values	and	applied	operators	to	them	to	get	new
values.	Creating	values	like	this	is	the	main	substance	of	any	JavaScript	program.	But	that	substance	has	to	be	framed	in	a	larger	structure	to	be	useful.	So	that’s	what	we’ll	cover	next.	A	fragment	of	code	that	produces	a	value	is	called	an	expression.	Every	value	that	is	written	literally	(such	as	22	or	"psychoanalysis")	is	an	expression.	An	expression
between	parentheses	is	also	an	expression,	as	is	a	binary	operator	applied	to	two	expressions	or	a	unary	operator	applied	to	one.	This	shows	part	of	the	beauty	of	a	language-based	interface.	Expressions	can	contain	other	expressions	in	a	way	similar	to	how	subsentences	in	human	languages	are	nested—a	subsentence	can	contain	its	own	subsentences,
and	so	on.	This	allows	us	to	build	expressions	that	describe	arbitrarily	complex	computations.	If	an	expression	corresponds	to	a	sentence	fragment,	a	JavaScript	statement	corresponds	to	a	full	sentence.	A	program	is	a	list	of	statements.	The	simplest	kind	of	statement	is	an	expression	with	a	semicolon	after	it.	This	is	a	program:	1;	!false;	It	is	a	useless
program,	though.	An	expression	can	be	content	to	just	produce	a	value,	which	can	then	be	used	by	the	enclosing	code.	A	statement	stands	on	its	own,	so	it	amounts	to	something	only	if	it	affects	the	world.	It	could	display	something	on	the	screen—that	counts	as	changing	the	world—or	it	could	change	the	internal	state	of	the	machine	in	a	way	that	will
affect	the	statements	that	come	after	it.	These	changes	are	called	side	effects.	The	statements	in	the	previous	example	just	produce	the	values	1	and	true	and	then	immediately	throw	them	away.	This	leaves	no	impression	on	the	world	at	all.	When	you	run	this	program,	nothing	observable	happens.	In	some	cases,	JavaScript	allows	you	to	omit	the
semicolon	at	the	end	of	a	statement.	In	other	cases,	it	has	to	be	there,	or	the	next	line	will	be	treated	as	part	of	the	same	statement.	The	rules	for	when	it	can	be	safely	omitted	are	somewhat	complex	and	error-prone.	So	in	this	book,	every	statement	that	needs	a	semicolon	will	always	get	one.	I	recommend	you	do	the	same,	at	least	until	you’ve	learned
more	about	the	subtleties	of	missing	semicolons.	Bindings	How	does	a	program	keep	an	internal	state?	How	does	it	remember	things?	We	have	seen	how	to	produce	new	values	from	old	values,	but	this	does	not	change	the	old	values,	and	the	new	value	has	to	be	immediately	used	or	it	will	dissipate	again.	To	catch	and	hold	values,	JavaScript	provides	a
thing	called	a	binding,	or	variable:	let	caught	=	5	*	5;	That’s	a	second	kind	of	statement.	The	special	word	(keyword)	let	indicates	that	this	sentence	is	going	to	define	a	binding.	It	is	followed	by	the	name	of	the	binding	and,	if	we	want	to	immediately	give	it	a	value,	by	an	=	operator	and	an	expression.	The	previous	statement	creates	a	binding	called
caught	and	uses	it	to	grab	hold	of	the	number	that	is	produced	by	multiplying	5	by	5.	After	a	binding	has	been	defined,	its	name	can	be	used	as	an	expression.	The	value	of	such	an	expression	is	the	value	the	binding	currently	holds.	Here’s	an	example:	let	ten	=	10;	console.log(ten	*	ten);	When	a	binding	points	at	a	value,	that	does	not	mean	it	is	tied	to
that	value	forever.	The	=	operator	can	be	used	at	any	time	on	existing	bindings	to	disconnect	them	from	their	current	value	and	have	them	point	to	a	new	one.	let	mood	=	"light";	console.log(mood);	mood	=	"dark";	console.log(mood);	You	should	imagine	bindings	as	tentacles,	rather	than	boxes.	They	do	not	contain	values;	they	grasp	them—two
bindings	can	refer	to	the	same	value.	A	program	can	access	only	the	values	that	it	still	has	a	reference	to.	When	you	need	to	remember	something,	you	grow	a	tentacle	to	hold	on	to	it	or	you	reattach	one	of	your	existing	tentacles	to	it.	Let’s	look	at	another	example.	To	remember	the	number	of	dollars	that	Luigi	still	owes	you,	you	create	a	binding.	And
then	when	he	pays	back	$35,	you	give	this	binding	a	new	value.	let	luigisDebt	=	140;	luigisDebt	=	luigisDebt	-	35;	console.log(luigisDebt);	When	you	define	a	binding	without	giving	it	a	value,	the	tentacle	has	nothing	to	grasp,	so	it	ends	in	thin	air.	If	you	ask	for	the	value	of	an	empty	binding,	you’ll	get	the	value	undefined.	A	single	let	statement	may
define	multiple	bindings.	The	definitions	must	be	separated	by	commas.	let	one	=	1,	two	=	2;	console.log(one	+	two);	The	words	var	and	const	can	also	be	used	to	create	bindings,	in	a	way	similar	to	let.	var	name	=	"Ayda";	const	greeting	=	"Hello	";	console.log(greeting	+	name);	The	first,	var	(short	for	“variable”),	is	the	way	bindings	were	declared	in
pre-2015	JavaScript.	I’ll	get	back	to	the	precise	way	it	differs	from	let	in	the	next	chapter.	For	now,	remember	that	it	mostly	does	the	same	thing,	but	we’ll	rarely	use	it	in	this	book	because	it	has	some	confusing	properties.	The	word	const	stands	for	constant.	It	defines	a	constant	binding,	which	points	at	the	same	value	for	as	long	as	it	lives.	This	is
useful	for	bindings	that	give	a	name	to	a	value	so	that	you	can	easily	refer	to	it	later.	Binding	names	Binding	names	can	be	any	word.	Digits	can	be	part	of	binding	names—catch22	is	a	valid	name,	for	example—but	the	name	must	not	start	with	a	digit.	A	binding	name	may	include	dollar	signs	($)	or	underscores	(_)	but	no	other	punctuation	or	special
characters.	Words	with	a	special	meaning,	such	as	let,	are	keywords,	and	they	may	not	be	used	as	binding	names.	There	are	also	a	number	of	words	that	are	“reserved	for	use”	in	future	versions	of	JavaScript,	which	also	can’t	be	used	as	binding	names.	The	full	list	of	keywords	and	reserved	words	is	rather	long.	break	case	catch	class	const	continue
debugger	default	delete	do	else	enum	export	extends	false	finally	for	function	if	implements	import	interface	in	instanceof	let	new	package	private	protected	public	return	static	super	switch	this	throw	true	try	typeof	var	void	while	with	yield	Don’t	worry	about	memorizing	this	list.	When	creating	a	binding	produces	an	unexpected	syntax	error,	see
whether	you’re	trying	to	define	a	reserved	word.	The	environment	The	collection	of	bindings	and	their	values	that	exist	at	a	given	time	is	called	the	environment.	When	a	program	starts	up,	this	environment	is	not	empty.	It	always	contains	bindings	that	are	part	of	the	language	standard,	and	most	of	the	time,	it	also	has	bindings	that	provide	ways	to
interact	with	the	surrounding	system.	For	example,	in	a	browser,	there	are	functions	to	interact	with	the	currently	loaded	website	and	to	read	mouse	and	keyboard	input.	Functions	A	lot	of	the	values	provided	in	the	default	environment	have	the	type	function.	A	function	is	a	piece	of	program	wrapped	in	a	value.	Such	values	can	be	applied	in	order	to
run	the	wrapped	program.	For	example,	in	a	browser	environment,	the	binding	prompt	holds	a	function	that	shows	a	little	dialog	box	asking	for	user	input.	It	is	used	like	this:	prompt("Enter	passcode");	Executing	a	function	is	called	invoking,	calling,	or	applying	it.	You	can	call	a	function	by	putting	parentheses	after	an	expression	that	produces	a
function	value.	Usually	you’ll	directly	use	the	name	of	the	binding	that	holds	the	function.	The	values	between	the	parentheses	are	given	to	the	program	inside	the	function.	In	the	example,	the	prompt	function	uses	the	string	that	we	give	it	as	the	text	to	show	in	the	dialog	box.	Values	given	to	functions	are	called	arguments.	Different	functions	might
need	a	different	number	or	different	types	of	arguments.	The	prompt	function	isn’t	used	much	in	modern	web	programming,	mostly	because	you	have	no	control	over	the	way	the	resulting	dialog	looks,	but	can	be	helpful	in	toy	programs	and	experiments.	The	console.log	function	In	the	examples,	I	used	console.log	to	output	values.	Most	JavaScript
systems	(including	all	modern	web	browsers	and	Node.js)	provide	a	console.log	function	that	writes	out	its	arguments	to	some	text	output	device.	In	browsers,	the	output	lands	in	the	JavaScript	console.	This	part	of	the	browser	interface	is	hidden	by	default,	but	most	browsers	open	it	when	you	press	F12	or,	on	a	Mac,	command-option-I.	If	that	does	not
work,	search	through	the	menus	for	an	item	named	Developer	Tools	or	similar.	When	running	the	examples	(or	your	own	code)	on	the	pages	of	this	book,	console.log	output	will	be	shown	after	the	example,	instead	of	in	the	browser’s	JavaScript	console.	let	x	=	30;	console.log("the	value	of	x	is",	x);	Though	binding	names	cannot	contain	period
characters,	console.log	does	have	one.	This	is	because	console.log	isn’t	a	simple	binding.	It	is	actually	an	expression	that	retrieves	the	log	property	from	the	value	held	by	the	console	binding.	We’ll	find	out	exactly	what	this	means	in	Chapter	4.	Return	values	Showing	a	dialog	box	or	writing	text	to	the	screen	is	a	side	effect.	A	lot	of	functions	are	useful
because	of	the	side	effects	they	produce.	Functions	may	also	produce	values,	in	which	case	they	don’t	need	to	have	a	side	effect	to	be	useful.	For	example,	the	function	Math.max	takes	any	amount	of	number	arguments	and	gives	back	the	greatest.	console.log(Math.max(2,	4));	When	a	function	produces	a	value,	it	is	said	to	return	that	value.	Anything
that	produces	a	value	is	an	expression	in	JavaScript,	which	means	function	calls	can	be	used	within	larger	expressions.	Here	a	call	to	Math.min,	which	is	the	opposite	of	Math.max,	is	used	as	part	of	a	plus	expression:	console.log(Math.min(2,	4)	+	100);	The	next	chapter	explains	how	to	write	your	own	functions.	Control	flow	When	your	program
contains	more	than	one	statement,	the	statements	are	executed	as	if	they	are	a	story,	from	top	to	bottom.	This	example	program	has	two	statements.	The	first	one	asks	the	user	for	a	number,	and	the	second,	which	is	executed	after	the	first,	shows	the	square	of	that	number.	let	theNumber	=	Number(prompt("Pick	a	number"));	console.log("Your
number	is	the	square	root	of	"	+	theNumber	*	theNumber);	The	function	Number	converts	a	value	to	a	number.	We	need	that	conversion	because	the	result	of	prompt	is	a	string	value,	and	we	want	a	number.	There	are	similar	functions	called	String	and	Boolean	that	convert	values	to	those	types.	Here	is	the	rather	trivial	schematic	representation	of
straight-line	control	flow:	Conditional	execution	Not	all	programs	are	straight	roads.	We	may,	for	example,	want	to	create	a	branching	road,	where	the	program	takes	the	proper	branch	based	on	the	situation	at	hand.	This	is	called	conditional	execution.	Conditional	execution	is	created	with	the	if	keyword	in	JavaScript.	In	the	simple	case,	we	want	some
code	to	be	executed	if,	and	only	if,	a	certain	condition	holds.	We	might,	for	example,	want	to	show	the	square	of	the	input	only	if	the	input	is	actually	a	number.	let	theNumber	=	Number(prompt("Pick	a	number"));	if	(!Number.isNaN(theNumber))	{	console.log("Your	number	is	the	square	root	of	"	+	theNumber	*	theNumber);	}	With	this	modification,	if
you	enter	“parrot”,	no	output	is	shown.	The	if	keyword	executes	or	skips	a	statement	depending	on	the	value	of	a	Boolean	expression.	The	deciding	expression	is	written	after	the	keyword,	between	parentheses,	followed	by	the	statement	to	execute.	The	Number.isNaN	function	is	a	standard	JavaScript	function	that	returns	true	only	if	the	argument	it	is
given	is	NaN.	The	Number	function	happens	to	return	NaN	when	you	give	it	a	string	that	doesn’t	represent	a	valid	number.	Thus,	the	condition	translates	to	“unless	theNumber	is	not-a-number,	do	this”.	The	statement	after	the	if	is	wrapped	in	braces	({	and	})	in	this	example.	The	braces	can	be	used	to	group	any	number	of	statements	into	a	single
statement,	called	a	block.	You	could	also	have	omitted	them	in	this	case,	since	they	hold	only	a	single	statement,	but	to	avoid	having	to	think	about	whether	they	are	needed,	most	JavaScript	programmers	use	them	in	every	wrapped	statement	like	this.	We’ll	mostly	follow	that	convention	in	this	book,	except	for	the	occasional	one-liner.	if	(1	+	1	==	2)
console.log("It's	true");	You	often	won’t	just	have	code	that	executes	when	a	condition	holds	true,	but	also	code	that	handles	the	other	case.	This	alternate	path	is	represented	by	the	second	arrow	in	the	diagram.	You	can	use	the	else	keyword,	together	with	if,	to	create	two	separate,	alternative	execution	paths.	let	theNumber	=	Number(prompt("Pick	a
number"));	if	(!Number.isNaN(theNumber))	{	console.log("Your	number	is	the	square	root	of	"	+	theNumber	*	theNumber);	}	else	{	console.log("Hey.	Why	didn't	you	give	me	a	number?");	}	If	you	have	more	than	two	paths	to	choose	from,	you	can	“chain”	multiple	if/else	pairs	together.	Here’s	an	example:	let	num	=	Number(prompt("Pick	a	number"));
if	(num	<	10)	{	console.log("Small");	}	else	if	(num	<	100)	{	console.log("Medium");	}	else	{	console.log("Large");	}	The	program	will	first	check	whether	num	is	less	than	10.	If	it	is,	it	chooses	that	branch,	shows	"Small",	and	is	done.	If	it	isn’t,	it	takes	the	else	branch,	which	itself	contains	a	second	if.	If	the	second	condition	(<	100)	holds,	that	means
the	number	is	at	least	10	but	below	100,	and	"Medium"	is	shown.	If	it	doesn’t,	the	second	and	last	else	branch	is	chosen.	The	schema	for	this	program	looks	something	like	this:	while	and	do	loops	Consider	a	program	that	outputs	all	even	numbers	from	0	to	12.	One	way	to	write	this	is	as	follows:	console.log(0);	console.log(2);	console.log(4);



console.log(6);	console.log(8);	console.log(10);	console.log(12);	That	works,	but	the	idea	of	writing	a	program	is	to	make	something	less	work,	not	more.	If	we	needed	all	even	numbers	less	than	1,000,	this	approach	would	be	unworkable.	What	we	need	is	a	way	to	run	a	piece	of	code	multiple	times.	This	form	of	control	flow	is	called	a	loop.	Looping
control	flow	allows	us	to	go	back	to	some	point	in	the	program	where	we	were	before	and	repeat	it	with	our	current	program	state.	If	we	combine	this	with	a	binding	that	counts,	we	can	do	something	like	this:	let	number	=	0;	while	(number
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