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Refer	to	for	further	documentation	and	a	way	to	search	for	packages.	You	can	imagine	how	putting	quotes	between	quotes	might	be	hard.	It	is	slightly	easier	to	write	and	doesn’t	require	a	semicolon	after	the	function.	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.	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.	(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.	It	will	continue	executing,	even	across	other	labels,	until	it	reaches	a	break	statement.	The	example	does	not	use	write	because	GET	requests	should	not	contain	data	in	their	request	body.	What	would	go	wrong	when	a	module	in	a	cycle	does	replace	its	default	exports	object?	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.	The	following	code	illustrates	this	by	asking	the	computer	a	really	hard	question	that	causes	an	infinite	back-and-forth	between	two	functions.	So	again,	this	is	a	trade-off,	and	you	can	decide	either	way	depending	on
how	much	the	packages	help	you.	(This	is	actually	an	interview	question	that	has	been	claimed	to	weed	out	a	significant	percentage	of	programmer	candidates.	Abstractions	hide	details	and	give	us	the	ability	to	talk	about	problems	at	a	higher	(or	more	abstract)	level.	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.	For	a	more	pleasant	perspective	on	the	simulation,	you	can	use	the	runRobotAnimation	function	that’s	available	in	this	chapter’s	programming	environment.	Inside	of	these	tags,	we	can	put	cell	elements:	either	heading	cells	()	or
regular	cells	().	Terminating	a	line	by	adding	a	newline	character	must	happen	after	the	line	has	been	built	up,	so	do	this	after	the	inner	loop	but	inside	the	outer	loop.	Use	the	toLowerCase	or	toUpperCase	string	methods	to	compensate	for	this.	The	step	parameter	can	be	an	optional	parameter	that	defaults	(using	the	=	operator)	to	1.	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.	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.	All	input	and	output	in	Node	is	done	asynchronously,	unless	you	explicitly	use	a	synchronous	variant	of	a	function,	such	as	readFileSync.	Web	developers	were	left	with	not	one	unified	Web	but	two	or	three	incompatible	platforms.	This	means	that	top	and	left	are	counted	relative	to	the	top	left	of	the	document.	By	the	end	of	it,	you’ll
know	enough	to	start	writing	useful	programs.	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.	This	one	is	useful	if	you	want	a	specific,	single	element.	The	,	,	and	tags	are	gone	completely.	Neither	may	use
the	standard	reverse	method.	It	is	a	useful	skill,	in	programming,	to	notice	when	you	are	working	at	too	low	a	level	of	abstraction.	That	call	will	further	recurse	to	explore	every	continued	solution	that	yields	a	number	less	than	or	equal	to	the	target	number.	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.	Define	a	recursive	function	isEven	corresponding	to	this	description.	Even	though	the	language	doesn’t	have	this	distinction	built	in,	JavaScript	programmers	are	successfully	using	this	idea.	Size	almost	always	involves	complexity,	and	complexity	confuses	programmers.	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.	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.	This	model	tells	us	where	the	robot	is	and	where	the	parcels	are.	Summary	We	looked	at	four	types	of	JavaScript	values	in	this	chapter:	numbers,	strings,	Booleans,	and	undefined	values.	When	they	are	used	in	this	book,	in	Chapter	14,	I’ll	explain
them.	You	can	overwrite	it	with	a	new	object	if	you	want.	If	we	count	the	size	of	the	definitions	of	sum	and	range,	the	second	program	is	also	big—even	bigger	than	the	first.	Prototypes	are	useful	for	defining	properties	for	which	all	instances	of	a	class	share	the	same	value,	such	as	methods.	import	ordinal	from	"ordinal";	import	{days,	months}	from
"date-names";	export	function	formatDate(date,	format)	{	}	Similarly,	the	export	keyword	is	used	to	export	things.	When	a	problem	is	found	in	a	package	or	a	new	feature	is	added,	the	package	is	updated.	There	are	many	different	style	properties,	such	as	color	or	display.	So	it	is	tempting	to	neglect	it	and	allow	the	parts	of	the	program	to	become
deeply	entangled.	They	usually	are,	but	they	can	also	be	symbols.	And	we	can	go	further.	When	you	do	not	want	any	type	conversions	to	happen,	there	are	two	additional	operators:	===	and	!==.	The	text	inside	it	cannot	be	changed.	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.	X	%	Y	is	the	remainder	of	dividing	X	by	Y.	This	is	a	formula	whose	input	is	a	frequency	table	containing	the	number	of	times	the	different	combinations	of	the	variables	were	observed.	The	loop	tests	whether	the	second	binding	has	reached	10	yet	and,	if	not,	updates	both	bindings.	Tags
come	in	several	forms.	To	do	this,	some	of	the	bits	are	used	to	store	the	position	of	the	decimal	point.	The	values	between	the	parentheses	are	given	to	the	program	inside	the	function.	let	abc	=	"abc";	console.log(abc.length);	Most	exercises	contain	a	piece	of	code	that	you	can	modify	to	solve	the	exercise.	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.	You	are	forced	to	build	up	a	holistic	understanding	of	the	entire	thing.	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.	We’ll	always	be	able	to	find	a	route	between	two	points,	and	the	search	can’t	fail.	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.	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.	This	is	useful	for	bindings	that	give	a	name	to	a	value	so
that	you	can	easily	refer	to	it	later.	A	prototype	is	another	object	that	is	used	as	a	fallback	source	of	properties.	Write	a	class	called	Group	(since	Set	is	already	taken).	The	lycanthrope’s	log	So,	Jacques	starts	up	his	JavaScript	interpreter	and	sets	up	the	environment	he	needs	to	keep	his	journal.	As	such,	we	could	say	that	a	robot	is	a	function	that	takes
a	VillageState	object	and	returns	the	name	of	a	nearby	place.	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.	NaN	stands	for	“not	a	number”,	even	though	it	is	a	value	of	the	number	type.	They	usually	allow	the	graph’s	edges	to	have	a	weight,	which	is	the	cost	or	distance	associated	with	it.	The	robot	keeps	the	rest	of	its	route	in	its	memory	and	drops	the	first	element	every	turn.	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.	So	we’d	have	to	either
duplicate	it	or	put	it	into	its	own	module.	We	also	don’t	care	about	routes	that	visit	the	same	place	twice—those	are	definitely	not	the	most	efficient	route	anywhere.	Now,	instead	of	writing	our	own	INI	file	parser,	we	can	use	one	from	NPM.	We’ll	find	out	exactly	what	this	means	in	Chapter	4.	Some	problems	really	are	easier	to	solve	with	recursion	than
with	loops.	A	newline	character	is	written	"".	Instead,	you	have	to	first	create	it	and	then	add	the	children	and	attributes	one	by	one,	using	side	effects.	As	a	bonus	assignment,	modify	your	range	function	to	take	an	optional	third	argument	that	indicates	the	“step”	value	used	when	building	the	array.	This	is	easy	to	forget.	When	a	directory	exists	at	that
path,	you	can	return	a	204	response	so	that	directory	creation	requests	are	idempotent.	Anything	that	makes	your	code	easier	to	understand	makes	it	possible	to	build	a	more	ambitious	system.	It	defines	a	function,	wrapValue,	that	creates	a	local	binding.	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.	This	points	to	another	helpful	aspect	of	module	design—the	ease	with	which
something	can	be	composed	with	other	code.	Thus,	your	solution	can	closely	follow	the	number-printing	program.	When	it	is	true,	it	chooses	the	middle	value,	and	when	it	is	false,	it	chooses	the	value	on	the	right.	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.	The
last	tag	is	not	displayed	at	all—display:	none	prevents	an	element	from	showing	up	on	the	screen.	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.	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.	"));	A	string	can	be	repeated	with	the	repeat	method,	which	creates	a	new	string	containing	multiple	copies	of	the	original	string,	glued	together.	Versions	A	package.json	file	lists	both	the	program’s	own	version	and	versions	for	its	dependencies.	You
can	build	the	string	by	starting	with	an	empty	one	("")	and	repeatedly	adding	characters.	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.	The	elements	in	an	array	are	stored	as	the	array’s	properties,	using	numbers	as	property	names.	Your	first	command	line	argument,	the	regular	expression,	can	be	found	in	process.argv[2].	It	ignores	the	extra	arguments	and	computes	the	square	of	the	first	one.	Otherwise,	it	transforms	the	counting	entries	into	readable	strings	with	map	and
then	combines	them	with	join.	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.	Declaration	notation	There	is	a	slightly	shorter	way	to	create	a	function	binding.	Those	languages	share	a	lot	of
characters,	though	they	tend	to	write	them	differently.	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.	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.	It	is	a	data	structure	that	you	can	read	or	modify.	With	a	slight	change,	we	can	turn	the	previous	example	into	a	way	to	create	functions	that	multiply	by	an	arbitrary	amount.	The	forms	on	the	monitor	are
but	ripples	on	the	water.	The	environment	The	collection	of	bindings	and	their	values	that	exist	at	a	given	time	is	called	the	environment.	But	its	local	bindings,	such	as	unit	or	ingredientAmount,	are	not	visible	in	the	outer	function.	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.	It	provides	functionality	for	running	HTTP	servers	and	making	HTTP	requests.	The	statements	in	the	previous	example	just	produce	the	values	1	and	true	and	then	immediately	throw	them	away.	Inside	attribute	values,	which	are	wrapped	in	double	quotes,	"	can	be	used	to	insert	an
actual	quote	character.	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.	The	file	system	module	One	of	the	most	commonly	used	built-in	modules	in	Node	is	the	fs	module,	which	stands	for	file	system.	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.	Bits	are	any	kind	of	two-valued	things,	usually	described	as	zeros	and	ones.	Having	range	understand	negative	step	values	is	probably	best	done	by	writing	two	separate	loops—one	for	counting	up	and	one	for	counting	down—because	the	comparison
that	checks	whether	the	loop	is	finished	needs	to	be	>=	rather	than	=	0;	i--).	You	can	open	it	and	look	at	the	code.	Many	types	of	information	require	more	than	one	atom,	though.	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.	Every	time	the	function	is
called,	new	instances	of	these	bindings	are	created.	After	that	returns,	the	program	reaches	its	end.	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.
If	you	pass	null	to	Object.create,	the	resulting	object	will	not	derive	from	Object.prototype	and	can	safely	be	used	as	a	map.	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).	Side	effects	are	often	useful.	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.	Every	time	a	function	is	called,	the	current	context	is	stored	on	top	of	this	stack.	Therefore,	the	function	keeps	a	work	list.	Elements	have	code	1,
which	is	also	defined	as	the	constant	property	Node.ELEMENT_NODE.	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.	Thinking	about	programs	like	this	takes	some	practice.	This
standard	assigns	a	number	to	virtually	every	character	you	would	ever	need,	including	characters	from	Greek,	Arabic,	Japanese,	Armenian,	and	so	on.	One	is	odd.	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.
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.	In	other	words,	a	two-character	string	has	length	2,	and	its	characters	have	positions	0	and	1.	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.	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.	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.	An	example	of	such	a	node	is	document.body.	Use	asynchronous	or	synchronous	file	system	functions	as	you	see	fit.	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.	for	loops	Many	loops	follow	the	pattern	shown	in	the	while	examples.	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.	Text	nodes,	representing	a	section
of	text	in	the	document,	get	code	3	(Node.TEXT_NODE).	The	standard	Using	cryptic	numeric	codes	to	represent	node	types	is	not	a	very	JavaScript-like	thing	to	do.	Because	this	pattern	is	so	common,	JavaScript	and	similar	languages	provide	a	slightly	shorter	and	more	comprehensive	form,	the	for	loop.	If	that	fails,	you	will	have	to	close	the	tab	that
you’re	working	in,	or	on	some	browsers	close	your	whole	browser,	to	recover.	But	still,	I’d	argue	that	it	is	more	likely	to	be	correct.	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.	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.	I’ll	say	more	about	these	in	Chapter	4.	In	the	second,	we	access	the	property	named	max	in	the	Math	object	(which	is	a	collection	of	mathematics-related	constants	and	functions).	loop(3,	n	=>	n	>	0,	n	=>	n	-	1,	console.log);	Everything
Analogous	to	the	some	method,	arrays	also	have	an	every	method.	The	only	change	is	that	all	the	statements	that	are	related	to	the	“state”	of	the	loop	are	grouped	together	after	for.	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.	Now	consider	the	equivalence	between	numbers	and	strings	of	hash



characters.	console.log(countBs("BBC"));	console.log(countChar("kakkerlak",	"k"));	Your	function	will	need	a	loop	that	looks	at	every	character	in	the	string.	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.	Each	local	scope	can	also	see	all	the	local	scopes	that	contain	it,	and	all	scopes	can	see	the	global	scope.	Therefore,	we	usually	have	to	introduce	new	concepts	to	avoid	repeating	ourselves	too	much.	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.	But	while	the	latter	two	are	now	generally	regarded	as	wonderful	ideas,	inheritance	is	more	controversial.	So	arrayToList	could	iterate	over	the	array	backwards	(see	the	previous	exercise)	and,	for	each	element,	add	an	object	to	the	list.	Arrays	have	slice	and	concat	methods,	which	allow	us	to
easily	create	new	arrays	without	damaging	the	old	one.	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.	When	there	is	only	one	parameter	name,	you	can	omit	the	parentheses	around	the
parameter	list.	The	following	code	shows	an	example	of	this.	Then	comes	the	part	that	identifies	which	server	we	are	requesting	the	document	from.	It	stores	a	new	value	and	returns	some	number	derived	from	it.	Instead	of	lifting	out	the	repeated	part	of	our	program	wholesale,	let’s	try	to	pick	out	a	single	concept.	A	return	keyword	without	an
expression	after	it	will	cause	the	function	to	return	undefined.	And	we	can.	Fortunately,	this	is	a	problem	only	if	you	need	them	all	simultaneously.	Read	this	description	and	try	to	solve	the	exercise.	Positioning	and	animating	The	position	style	property	influences	layout	in	a	powerful	way.	Tef,	Programming	is	Terrible	The	ideal	program	has	a	crystal-
clear	structure.	Here	is	the	rather	trivial	schematic	representation	of	straight-line	control	flow:	Conditional	execution	Not	all	programs	are	straight	roads.	It	is	usually	called	ES	modules,	where	ES	stands	for	ECMAScript.	The	code	that	calls	these	functions	can	fill	in	the	gaps	by	providing	function	values.	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.	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.	The	length	property	of	an	array	tells	us	how	many	elements	it	has.	Some	are	written	as	words.	Because	the	loader	wraps	the	module	code	in	a	function,	modules	automatically	get	their	own	local	scope.	This	can	be	somewhat	inconvenient	when	you	want	to	save	a	non-function	value	in	there.	We	can	wrap	the	module’s	code	in	a	function	and
use	that	function’s	scope	as	module	scope.	But	the	two	are	different.	Or	alter	the	animation	in	some	other	interesting	way.	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.	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.	This	alternate	path	is	represented	by	the	second	arrow	in	the	diagram.	You	can	also	access	it	under	its	real	name,	"class",	by	using	the	getAttribute	and	setAttribute	methods.	Indenting	Code	In	the	examples,	I’ve	been	adding	spaces	in	front	of	statements	that	are
part	of	some	larger	statement.	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.	This	is	the	actual	thing	that	iterates.	Put	braces	around	the	bodies	of	both	loops	to	make	it	easy	to	see	where	they	start	and	end.	let	yourName;	do	{	yourName	=	prompt("Who	are
you?");	}	while	(!yourName);	console.log(yourName);	This	program	will	force	you	to	enter	a	name.	Apart	from	a	minor	detail,	which	we’ll	discuss	in	Chapter	6,	they	do	the	same	thing.	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.	If	you	haven’t	already,	also	write	a	recursive	version	of	nth.	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.	So	the	Temperature	class	allows	you	to	write	Temperature.fromFahrenheit(100)	to	create	a	temperature	using	degrees	Fahrenheit.	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.	But	it	is	an	instance	of	the	NodeList	type,	not	a	real	array,	so	it	does	not	have	methods	such	as	slice	and	map.	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.	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.	Methods	Methods	are	nothing	more	than	properties	that	hold
function	values.	Bindings	declared	with	var	behave	differently—they	end	up	in	the	nearest	function	scope	or	the	global	scope.	It	exports	functions	for	working	with	files	and	directories.	The	&&	operator	works	similarly	but	the	other	way	around.	At	the	time	of	writing,	the	JavaScript	community	is	in	the	process	of	adopting	this	module	style.	The	stream
from	the	request	may	also	fail,	for	example	if	the	network	goes	down.	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.	This	chapter	introduces	the	atomic	elements	of	JavaScript	programs,	that	is,	the	simple	value	types	and	the	operators	that	can	act
on	such	values.	Their	end	method	closes	the	stream	and	optionally	takes	a	value	to	write	to	the	stream	before	closing.	These	are	common	in	programming—you	might	remember	the	function	call	stack	from	the	previous	chapter,	which	is	an	instance	of	the	same	idea.	A	map	(noun)	is	a	data	structure	that	associates	values	(the	keys)	with	other	values.
And	then	when	he	pays	back	$35,	you	give	this	binding	a	new	value.	There’d	be	no	way	to	write	a	pure	version	of	console.log,	for	example,	and	console.log	is	good	to	have.	In	theory,	you	could	move	anywhere	in	the	tree	using	just	these	parent	and	child	links.	As	an	example	that	actually	does	something	useful,	we	can	now	write	a	program	that
calculates	and	shows	the	value	of	210	(2	to	the	10th	power).	A	package	is	a	chunk	of	code	that	can	be	distributed	on	its	own.	If	you	type	this	URL	into	your	browser’s	address	bar,	the	browser	will	try	to	retrieve	and	display	the	document	at	that	URL.	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.	While	working	on	it	we	learn	just	enough	to	find	it	immature	the	moment	we	turn	away	from	it.	Expressions	and	statements	In	Chapter	1,	we	made	values	and	applied	operators	to	them	to	get	new	values.	Unfortunately,	calculations	with	fractional
numbers	are	generally	not.	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.	There	are	parcels	in	various	places,	each	addressed	to	some	other	place.	For	the	sake	of	fairness,	make	sure	you	give	each	task	to	both	robots,
rather	than	generating	different	tasks	per	robot.	function	repeatLog(n)	{	for	(let	i	=	0;	i	<	n;	i++)	{	console.log(i);	}	}	But	what	if	we	want	to	do	something	other	than	logging	the	numbers?	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.	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.	It	treats	its	first	command	line	argument	as	a	regular	expression	and	treats	any	further	arguments	as	files	to
search.	There	is	one	subtlety	with	this	form	of	function	definition.	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.	The	second	takes	such	a	string	and	converts	it	to	the	value	it	encodes.	In	the	first	version,	there	are	three	possible	outcomes
for	every	number,	so	you’ll	have	to	create	an	if/else	if/else	chain.	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.	So	"./format-date"	would	be	the	file	named	format-date.js	in	the	same	directory.	You’d	prefer	not	to	do	that.	When	it	became	clear	that	wasn’t	going	to	be	enough,	many	people	balked	at	the	need	to	use	more	memory	per	character.	This	is	called	conditional	execution.	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.	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.	For	a	small	system	like	the	one	we	are	building	in	this	chapter,	we	could	handle	that	bit	of	extra	complexity.	The	offsetWidth	and	offsetHeight	properties	give	you	the	space
the	element	takes	up	in	pixels.	Usually	you’ll	directly	use	the	name	of	the	binding	that	holds	the	function.	This	is	the	code	that	computes	210	using	for	instead	of	while:	let	result	=	1;	for	(let	counter	=	0;	counter	<	10;	counter	=	counter	+	1)	{	result	=	result	*	2;	}	console.log(result);	Breaking	Out	of	a	Loop	Having	the	looping	condition	produce	false	is
not	the	only	way	a	loop	can	finish.	export	default	["Winter",	"Spring",	"Summer",	"Autumn"];	It	is	possible	to	rename	imported	bindings	using	the	word	as.	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.	We	will	represent	the	journal	that	Jacques	keeps	as	an	array	of	objects.	The	trick	is	that	require	adds	modules	to	its	cache	before	it	starts	loading	the	module.	They	are	not
really	created	from	thin	air,	of	course.	The	final	analysis	We	need	to	compute	a	correlation	for	every	type	of	event	that	occurs	in	the	data	set.	A	rule	for	.abc	applies	to	all	elements	with	"abc"	in	their	class	attribute.	Then	make	it	so	that	the	user	can	select	which	file	to	edit.	You	can	use	Object.create	to	create	an	object	with	a	specific	prototype.	It
produces	true	if	either	of	the	values	given	to	it	is	true.	When	there	is	a	binding	named	default,	it	is	treated	as	the	module’s	main	exported	value.	Using	reverseArray	or	otherwise	copying	the	whole	array	(array.slice(0)	is	a	good	way	to	copy	an	array)	works	but	is	cheating.	Since	“doing	something”	can	be	represented	as	a	function	and	functions	are	just
values,	we	can	pass	our	action	as	a	function	value.	For	example,	console.log	does	this—it	outputs	all	of	the	values	it	is	given.	Including	large	programs	directly	in	HTML	documents	is	often	impractical.	Most	often	these	are	problems	that	require	exploring	or	processing	several	“branches”,	each	of	which	might	branch	out	again	into	even	more	branches.
Magic!	Well,	not	really.	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.	Unary	operators	Not	all	operators	are	symbols.	If	we	want	to	make	dependency	relations	part	of	the	code,	we’ll	have	to	take	control	of	loading	dependencies.	To	figure	out
whether	something	is	a	directory,	you	can	again	use	stat	(or	statSync)	and	the	stats	object’s	isDirectory	method.	The	function	call	range(1,	10,	2)	should	return	[1,	3,	5,	7,	9].	It	defines	a	constant	binding,	which	points	at	the	same	value	for	as	long	as	it	lives.	Let’s	briefly	go	back	to	the	final	two	example	programs	in	the	introduction.	For	tiny	functions
like	random-item,	writing	them	yourself	is	easy	enough.	In	the	previous	chapter,	I	mentioned	that	a	for/of	loop	can	also	be	used	on	strings.	Summarizing	with	reduce	Another	common	thing	to	do	with	arrays	is	to	compute	a	single	value	from	them.	let	mood	=	"light";	console.log(mood);	mood	=	"dark";	console.log(mood);	You	should	imagine	bindings	as
tentacles,	rather	than	boxes.	It	should	depend	on	a	module	./graph,	which	exports	a	function	buildGraph	that	is	used	to	build	the	graph.	Such	a	connection	acts	as	a	two-way	pipe	through	which	bits	can	flow—the	machines	on	both	ends	can	put	data	into	it.	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	if	keyword	executes	or	skips	a	statement	depending	on	the	value	of	a	Boolean	expression.	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.	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.	The	/	operator	has	the	same	precedence	as	*.	In	object-oriented	programming	terms,	this	is	called	inheritance.	The	files	still	share	the	same	global
namespace.	In	one	case,	console.log	has	to	return	to	the	greet	function	when	it	is	done.	Arrow	functions	are	yet	another	way	to	create	functions.	The	document’s	body	contains	a	heading	(,	meaning	“heading	1”—	to	produce	subheadings)	and	two	paragraphs	().	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.	A	package	is	a	chunk	of	code	that	can	be	distributed	(copied	and	installed).	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).	Prototypes	Watch	closely.	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.	Someone	working	on	the	rest	of	the	program	does	not	have	to	remember	or	even	be	aware	of	that	knowledge.	Don’t	put	too	much	trust	in	infinity-based	computation,	though.	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.	To	do	so,
go	to	and	follow	the	installation	instructions	for	your	operating	system.	For	example,	the	function	Math.max	takes	any	amount	of	number	arguments	and	gives	back	the	greatest.	Add	support	for	the	MKCOL	method	(“make	collection”),	which	should	create	a	directory	by	calling	mkdir	from	the	fs	module.	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.	This	is	the	case	for	most	commonly	used	standard	attributes.	In	this	case,	if	we	aren’t	careful,	it	is	likely	that	we’ll
accidentally	expose	our	whole	file	system	to	the	network.	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.	Similarly,	clientWidth	and	clientHeight	give	you	the	size	of	the	space	inside	the	element,	ignoring	border	width.	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,	let’s	write	code	that	finds	the	average	year	of	origin	for	living	and	dead	scripts	in	the	data	set.	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).	In	fact,	even	the	line	breaks	in	programs	are	optional.	This	is	both	a	blessing	and	a	curse.	At	the	time	of	writing,	there	are	more	than	half	a	million	different	packages	available	on	NPM.	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.	Some	of	these	children	can	be	leaf	nodes,	such	as	pieces	of	text	or	comment	nodes.	The	statement	defines	the	binding	square	and	points	it	at	the	given	function.	console.log(null	||	"user")	console.log("Agnes"	||	"user")	We	can	use	this	functionality	as	a
way	to	fall	back	on	a	default	value.	It	can	be	given	inside	a	tag.	Since	JavaScript	allows	us	to	create	our	own	abstractions,	it	is	possible	to	design	improved	ways	to	express	the	operations	you	are	performing.	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.	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.	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.	The	loop	keeps	entering	that	statement	as	long	as	the	expression	produces	a	value	that	gives	true	when	converted	to	Boolean.	Many	objects	don’t	directly	have	Object.prototype	as	their	prototype	but	instead	have	another	object	that	provides	a	different	set	of	default	properties.	Your	class’s	constructor	can	set	the
member	collection	to	an	empty	array.	let	plusOne	=	Function("n",	"return	n	+	1;");	console.log(plusOne(4));	This	is	precisely	what	we	need	for	a	module	system.	With	objects,	there	is	a	difference	between	having	two	references	to	the	same	object	and	having	two	different	objects	that	contain	the	same	properties.	A	correlation	of	one	indicates	that	the
two	are	perfectly	related—if	you	know	one,	you	also	know	the	other.	At	the	beginning	of	every	repetition,	it	is	compared	with	the	number	12	to	decide	whether	the	program’s	work	is	finished.	Life	was	hard	for	people	writing	web	pages.	The	same	goes	for	false	&&	X,	which	is	false	and	will	ignore	X.	We’ll	mostly	follow	that	convention	in	this	book,
except	for	the	occasional	one-liner.	Write	two	versions,	one	using	a	loop	and	one	using	the	some	method.	The	next	version	of	the	language	will	probably	improve	this.	For	this,	JavaScript	provides	a	binary	operator	called	instanceof.	Different	functions	might	need	a	different	number	or	different	types	of	arguments.	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.	So	the	first	element	is	retrieved	with	listOfNumbers[0].	It	will	respond	with	a	small	HTML	page.	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.	It	then	returns	a	function	that	accesses	and	returns	this	local	binding.	This	has	the	expected	effect	when	the	values	are	Boolean	and	does	something	analogous	for	values	of	other	types.	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.	If	the	second	condition	(<	100)	holds,	that	means	the	number	is	at	least	10	but	below	100,	and	"Medium"	is	shown.	That’s	slightly	better	than	routeRobot	but	still	definitely	not	optimal.	This	is	what	comments	are	for.	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.	Other	similar	operators	are	>=	(greater	than	or	equal	to),	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.	Exercises	A	vector	type	Write	a	class	Vec	that	represents	a	vector	in	two-dimensional	space.	You	can	download	eBooks	in	chapters	with	the	Wattpad	app.	For	example,	an	INI	file	parser,
similar	to	the	one	we	built	in	Chapter	9,	is	available	under	the	package	name	ini.	Eating	pizza	does	not	appear	to	have	influence	on	the	transformations.	When	dealing	with	a	nested	data	structure	like	this	one,	recursive	functions	are	often	useful.	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.	In	the	example,	multiplier	is	called	and	creates	an	environment	in	which	its	factor	parameter	is	bound	to	2.	Comments	are	not	allowed	in	JSON.	The	standard	JavaScript	functions,	and	most	JavaScript	programmers,	follow	the	bottom	style—they	capitalize
every	word	except	the	first.	So	0	||	-1	produces	-1,	and	""	||	"!?"	yields	"!?".	Only	Symbol.iterator,	which	is	likely	to	be	added	to	a	lot	of	different	objects,	is	an	actual	symbol.	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).	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.	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.	If	it	produces	"object"	for	both	values,	you	should	do	a	deep	comparison.	The	important	thing	is	to	be	aware	of	it	and	treat	fractional	digital	numbers	as
approximations,	not	as	precise	values.	Simulation	A	delivery	robot	looks	at	the	world	and	decides	in	which	direction	it	wants	to	move.	When	something	goes	wrong	when	opening	the	file,	createWriteStream	will	still	return	a	stream,	but	that	stream	will	fire	an	"error"	event.	Resist	that	urge.	Like	indexOf,	it	returns	-1	when	no	such	element	is	found.	You
need	only	one	empty	instance	because	all	empty	groups	are	the	same	and	instances	of	the	class	don’t	change.	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.	If	everything	can	touch	everything	else,	it	is	difficult	to	look	at	any	given	piece	in	isolation.	The	first	is	that	you	find	yourself	writing
similar	code	multiple	times.	Nodes	for	elements,	which	represent	HTML	tags,	determine	the	structure	of	the	document.	Take	a	carrot	per	person.	One	example	is	the	typeof	operator,	which	produces	a	string	value	naming	the	type	of	the	value	you	give	it.	The	lower	bound	is	inclusive	(code	994	is	a	Coptic	character),	and	the	upper	bound	is	non-inclusive
(code	1008	isn’t).	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.	Reversing	the	array	in	place	is	harder.	It	doesn’t	make	much	sense	to	replace	it	with	the	recursive	version.	But	I	hope	you’ll	agree	that	the	code	used	to
compute	it	isn’t	hard	to	read.	But	as	soon	as	someone	tries	to	use	such	a	program	with	some	less	common	Chinese	characters,	it	breaks.	The	way	the	string	given	to	require	is	translated	to	an	actual	filename	or	web	address	differs	in	different	systems.	The	new	class	inherits	properties	and	behavior	from	the	old	class.	It	prints	out	a	piece	of	text.	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.	HTML	is	parsed	in	a	remarkably	error-tolerant	way.	Just	putting	your	JavaScript	code	into	different	files	does	not	satisfy	these	requirements.	Properties	that	differ	per
instance,	such	as	our	rabbits’	type	property,	need	to	be	stored	directly	in	the	objects	themselves.	The	objects	representing	elements	have	properties	such	as	parentNode	and	childNodes,	which	can	be	used	to	navigate	through	this	tree.	After	deleting	it	with	a	DELETE	request,	the	file	is	again	missing.	The	first	thing	he	needs	is	a	data	structure	to	store
this	information.	The	new	object’s	prototype	will	be	the	object	found	in	the	prototype	property	of	the	constructor.	To	get	element	N	+	1,	you	take	the	Nth	element	of	the	list	that’s	in	this	list’s	rest	property.	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.	Unlike	strings,	newly	created	symbols	are	unique—you	cannot	create	the	same	symbol	twice.	They	grasp	values,	but	other	bindings	and	properties	might	be	holding	onto	those	same	values.	It	contains	some	information	about	the	project,	such	as	its	name	and	version,	and	lists	its	dependencies.	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.	You	don’t	have	to	gather	building	material	for	your	values	or	pay	for	them.	There	it	reaches	the	end	of	the	greet	function,	so	it	returns	to	the	place	that	called	it,	which	is	line	4.	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.	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.	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.	These	somewhat	obscure,	Unix-inspired	codes	are	how	you	recognize	error	types	in	Node.	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,	as	in	max,	it	is
the	only	parameter,	it	will	hold	all	arguments.	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.	You’d	have	to	somehow	extract
the	digits	and	convert	them	back	to	numbers	to	access	them.	Remember	that	each	script	has	an	array	of	character	code	ranges	associated	with	it.	We’ll	build	the	program	piece	by	piece,	using	an	object	called	methods	to	store	the	functions	that	handle	the	various	HTTP	methods.	console.log(reverseArray(["A",	"B",	"C"]));	let	arrayValue	=	[1,	2,	3,	4,	5];
reverseArrayInPlace(arrayValue);	console.log(arrayValue);	There	are	two	obvious	ways	to	implement	reverseArray.	If	you	evaluate	typeof	[],	it	produces	"object".	Nonvolatile	storage	(the	hard	disk	or	equivalent)	tends	to	have	yet	a	few	orders	of	magnitude	more.	The	function	calls	itself	multiple	times	with	ever	smaller	exponents	to	achieve	the	repeated
multiplication.	The	output	of	the	formula	is	a	number	between	-1	and	1	that	describes	the	correlation.	One	aspect	of	module	design	is	ease	of	use.	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.	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.	OHishiapply/Shutterstock	In	the	past	people	used	to	visit	bookstores,	local	libraries	or	news	vendors	to	purchase	books	and	newspapers.	When	the	name	isn’t	relative,	Node.js	will
look	for	an	installed	package	by	that	name.	The	first	character	has	position	0,	which	causes	the	last	one	to	be	found	at	position	string.length	-	1.	People	also	often	start	using	planned	extensions	to	the	language	long	before	they	have	been	added	to	the	platforms	that	actually	run	JavaScript.	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.	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.	So	if	the	rule	in	the	tag	included	font-weight:	normal,	contradicting	the	default	font-weight
rule,	the	text	would	be	normal,	not	bold.	Why	do	you	need	only	one	PGroup.empty	value,	rather	than	having	a	function	that	creates	a	new,	empty	map	every	time?	Here	we	are	interested	in	the	question	of	whether	it	is	a	directory	or	a	regular	file,	which	the	isDirectory	method	tells	us.	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	can	be	useful	because	it	allows	you	to	store	extra	information	in	a	document.	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]".	Bindings	can	be	used	to	file	pieces	of	data	under	a	name,	and	they	are	useful	for	tracking	state	in	your	program.	A	file	can	be	read	as	a	readable	stream	by	using	the	createReadStream	function	from	fs.	You	do	not	know	much	about	the	people	behind	most	sites	you	visit,	and	they	do	not	necessarily	mean	well.	It
provides	various	ways	to	inspect	and	manipulate	the	current	program.	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.	Why?	Application	nodes	may	have	children,	whereas	identifiers	and	values	are	leaves,	or	nodes	without	children.	To	close	it,	press	control-C.	Everything	sticks	together,	and	when	you	try	to	pick	out	a	piece,	the	whole	thing	comes	apart,	and	your	hands	get	dirty.	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.	Some	values	are	numbers,	some	values	are	pieces	of	text,	some	values	are	functions,	and	so	on.	To	find	a	specific	single	node,	you	can	give	it	an	id	attribute	and	use	document.getElementById	instead.	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.	I’ll	get	back	to	the	precise	way	it	differs	from	let	in	the	next	chapter.	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.	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.	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.	Computing	correlation	We	can	represent	a	two-by-two	table	in	JavaScript	with	a	four-element	array	([76,	9,	4,	1]).	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.	This	chapter	will	describe	the	way	these	ideas	can	be	applied	in	JavaScript.	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.
Document	structure	You	can	imagine	an	HTML	document	as	a	nested	set	of	boxes.	Such	values	are	created	by	typing	in	their	name	(true,	null)	or	value	(13,	"abc").	Such	program	pieces	are	modeled	using	objects.	In	terms	of	what	the	computer	is	actually	doing,	these	two	approaches	are	also	quite	different.	The	minus	operator	can	be	used	both	as	a
binary	operator	and	as	a	unary	operator.	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.	The	process.cwd	function	(where	cwd	stands	for	“current	working	directory”)	can	be	used	to	find	this	working	directory.	Similarly,	previousSibling	and	nextSibling	point	to
adjacent	nodes,	which	are	nodes	with	the	same	parent	that	appear	immediately	before	or	after	the	node	itself.	That	would	work,	but	it	defeats	the	purpose	of	this	exercise.	JavaScript	supports	three	logical	operators:	and,	or,	and	not.	The	notation	p	>	a	{…}	applies	the	given	styles	to	all	tags	that	are	direct	children	of	tags.	By	default	NPM	installs
packages	under	the	current	directory,	rather	than	in	a	central	place.	Can	you	think	of	a	way	to	call	hasOwnProperty	on	an	object	that	has	its	own	property	by	that	name?	Next,	the	actual	response	body	(the	document	itself)	is	sent	with	response.write.	Polymorphic	code	can	work	with	values	of	different	shapes,	as	long	as	they	support	the	interface	it
expects.	Applying	the	!	operator	will	convert	a	value	to	Boolean	type	before	negating	it,	and	all	strings	except	""	convert	to	true.	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.	In	addition	to	their	set	of	properties,	most	objects	also	have	a	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.	And	even	if	you
find	one,	it	might	not	work	well	or	may	be	missing	some	feature	you	need.	Take	a	stalk	of	celery	per	person.	The	final	part	updates	the	state	of	the	loop	after	every	iteration.	In	other	words,	the	value	stored	at	x,y	is	always	the	same	as	that	at	y,x.	Strings	can	be	compared	in	the	same	way.	When	you	install	a	specific	package	that	is	not	already	listed	as	a
dependency,	NPM	will	add	it	to	package.json.	There’s	a	class	notation	that	provides	a	clear	way	to	define	a	constructor	and	its	prototype.	Storing	this	stack	requires	space	in	the	computer’s	memory.	The	call	stack	The	way	control	flows	through	functions	is	somewhat	involved.	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.	You	can	call	a	function	by	putting	parentheses	after	an	expression	that	produces	a	function	value.	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.	Arrow	functions	are	different—they	do	not	bind	their	own	this	but	can	see	the	this	binding	of	the	scope	around	them.	This	is	a	shame,	but	it	causes	practical	problems	only	in	specific	situations.	Class	declarations	currently	allow	only	methods—properties	that	hold	functions—to	be	added	to
the	prototype.	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.	So	they	designed	their	own	module	systems	on	top	of	the	language.	Every	time	next	is	called,	it
checks	whether	it	is	done	and,	if	not,	moves	past	the	current	value	and	returns	it.	Objects	Back	to	the	weresquirrel.	The	word	while	is	followed	by	an	expression	in	parentheses	and	then	a	statement,	much	like	if.	function	textScripts(text)	{	let	scripts	=	countBy(text,	char	=>	{	let	script	=	characterScript(char.codePointAt(0));	return	script	?	Classes
JavaScript’s	prototype	system	can	be	interpreted	as	a	somewhat	informal	take	on	an	object-oriented	concept	called	classes.	The	new	players	had	a	more	serious	attitude	toward	standards	and	better	engineering	practices,	giving	us	less	incompatibility	and	fewer	bugs.	It	has	lived	up	to	its	promise.	The	operator	can	also	be	applied	to	standard
constructors	like	Array.	Whenever	these	local	details	change,	only	the	code	directly	around	it	needs	to	be	updated.	This	causes	the	server	function	to	run	and	send	back	a	response,	which	you	can	then	see	in	the	browser.	Simple	objects	have	Object.prototype	as	their	prototype.	You	can	use	forEach	to	loop	over	the	elements	in	an	array.	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	pass	too	many,	the	extra	ones
are	ignored.	So	we	wire	up	both	streams’	"error"	events	to	reject	the	promise.	Exercises	If	you	are	unsure	how	to	test	your	solutions	to	the	exercises,	refer	to	the	Introduction.	But	the	most	important	limit	on	what	kind	of	systems	we	can	build	is	how	much	we	can	understand.	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.	A	TCP	connection	works	as	follows:	one	computer	must	be	waiting,	or	listening,	for	other	computers	to	start	talking	to	it.	Can	you	think	of
a	way	to	fix	this?	To	initialize	a	SymmetricMatrix	instance,	the	constructor	calls	its	superclass’s	constructor	through	the	super	keyword.	Note	the	use	of	destructuring	in	the	parameter	list	of	the	reducer	function.	A	bigger	issue	is	that	nonwhole	numbers	must	also	be	represented.	runRobotAnimation(VillageState.random(),	routeRobot,	[]);	Pathfinding
Still,	I	wouldn’t	really	call	blindly	following	a	fixed	route	intelligent	behavior.	With	it,	you	can	build	anything	from	small	command	line	tools	to	HTTP	servers	that	power	dynamic	websites.	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.	You	can	combine	and	transform	values	with	operators.	It	differs	only	on	one	point:	a	do	loop	always	executes	its	body	at	least	once,	and	it	starts	testing	whether	it	should	stop	only	after	that	first	execution.	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.	For	example,	it’s	not	unlikely	to	want	to	name	something	max	in	one	of	your	programs.	Finally,	response.end	signals	the	end	of	the	response.	Zero	correlation	means	the	variables	are	not	related.	It	may
contain	one	or	more	modules	and	has	information	about	which	other	packages	it	depends	on.	Most	protocols	specify	which	port	should	be	used	by	default.	Evaluating	data	as	code	There	are	several	ways	to	take	data	(a	string	of	code)	and	run	it	as	part	of	the	current	program.	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.	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).	Some	very	useful	ones	are	slice	and
indexOf,	which	resemble	the	array	methods	of	the	same	name.	Summary	Node	is	a	nice,	small	system	that	lets	us	run	JavaScript	in	a	nonbrowser	context.	To	avoid	loading	the	same	module	multiple	times,	require	keeps	a	store	(cache)	of	already	loaded	modules.	Take	half	an	onion	per	person.	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.	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.	◀	◆	▶	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.	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.	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.	The	first	contains	information	about	the	request,	such	as	its	url	property,	which	tells	us	to	what	URL	the	request	was	made.	Recursion	is	not	always	just	an	inefficient	alternative	to	looping.	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.	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.	The	continue	keyword	is	similar	to
break,	in	that	it	influences	the	progress	of	a	loop.	A	fragment	of	code	that	produces	a	value	is	called	an	expression.	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.	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.	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"].	That’s	a	lot	of	wasted	time.	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.	For	more	frequent	updates	you	can	find	me	on	Twitter	or	Telegram	This	is	a	book	about	JavaScript,	programming,	and
the	wonders	of	the	digital.	A	typical	real	program	grows	organically.	You	just	call	for	one,	and	whoosh,	you	have	it.	In	that	chapter,	we	used	an	object	whose	properties	hold	arrays	of	strings—the	other	nodes	reachable	from	that	node.	It	takes	a	test	function	and	tells	you	whether	that	function	returns	true	for	any	of	the	elements	in	the	array.	For	now,
you	can	create	such	properties	by	directly	manipulating	the	prototype	after	you’ve	defined	the	class.	Strings	cannot	be	divided,	multiplied,	or	subtracted,	but	the	+	operator	can	be	used	on	them.	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.
Matrix.prototype[Symbol.iterator]	=	function()	{	return	new	MatrixIterator(this);	};	We	can	now	loop	over	a	matrix	with	for/of.	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.	Math.cos	tells	you
the	x-coordinate	of	the	point	that	corresponds	to	the	given	position,	and	Math.sin	yields	the	y-coordinate.	You’ll	need	two	bindings	to	track	your	progress.	The	full	script	for	the	server	is	available	at	.	The	first,	writeHead,	will	write	out	the	response	headers	(see	Chapter	18).	If	a	nondirectory	file	exists	here,	return	an	error	code.	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.	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.	Dispatching	on	a	value
with	switch	It	is	not	uncommon	for	code	to	look	like	this:	if	(x	==	"value1")	action1();	else	if	(x	==	"value2")	action2();	else	if	(x	==	"value3")	action3();	else	defaultAction();	There	is	a	construct	called	switch	that	is	intended	to	express	such	a	“dispatch”	in	a	more	direct	way.	You	can	also	do	that	yourself.	For	a	while,	he	believed	that	it	happened	only	on
days	when	he	had	been	near	oak	trees.	The	following	example	shows	both	concat	and	slice	in	action.	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.	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.	Often,	it	is	easier	to	create	a	function	value	on	the	spot	instead.	Short-circuiting	of	logical	operators	The	logical	operators	&&	and	||	handle	values	of	different	types	in	a	peculiar	way.	For	the	clever	solution,	build	up	a	string	containing	the	word	or	words	to	output	and	print
either	this	word	or	the	number	if	there	is	no	word,	potentially	by	making	good	use	of	the	||	operator.	This	means	the	loop	continues	going	round	until	you	provide	a	non-empty	name.	Parameters	and	bindings	declared	in	a	given	scope	are	local	and	not	visible	from	the	outside.	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.	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.	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.	Some	attributes	can	also	contain	a	JavaScript	program.	You	can	go	from	1	to	2	by	adding	1	(+=	1).	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.	If	we	combine	this	with	a	binding	that	counts,	we	can	do	something	like	this:	let	number	=	0;	while	(number	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.	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.	runRobot(VillageState.random(),	randomRobot);	It	takes	the	robot	a	lot	of	turns	to	deliver	the	parcels	because	it	isn’t	planning	ahead	very	well.	It’s	work	that	will
pay	off	only	in	the	future,	the	next	time	someone	works	on	the	program.	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.	It	is	written	with	a	question	mark	and	a	colon,	like	this:	console.log(true	?	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.	An	ES	module’s	interface	is	not	a	single	value	but	a	set	of	named	bindings.	Write	a	Node	script	that	can	be	run	from	the	command	line	and	acts
somewhat	like	grep.	A	computer	can	use	this	network	to	shoot	bits	at	another	computer.	When	a	value	is	deleted,	you	filter	it	from	the	array.	The	browser	builds	up	a	model	of	the	document’s	structure	and	uses	this	model	to	draw	the	page	on	the	screen.	For	a	long	time	this	was	the	main	approach	used	in	web	programming,	but	it	is	mostly	obsolete
now.	Symbols	are	values	created	with	the	Symbol	function.	These	days,	we	have	a	less	awkward	notation.	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.	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.	You	can	define
getters	and	setters	to	secretly	call	methods	every	time	an	object’s	property	is	accessed.	Properties	are	accessed	using	value.prop	or	value["prop"].	It	will	eventually	run	out	of	stack	space	and	abort.	Building	and	bundling	In	fact,	many	JavaScript	projects	aren’t	even,	technically,	written	in	JavaScript.	But	at	some	point	he	loses	his	job.	Each	node	may
refer	to	other	nodes,	children,	which	in	turn	may	have	their	own	children.	When	programming,	we	can’t	rely	on	all	the	words	we	need	to	be	waiting	for	us	in	the	dictionary.	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.	But	that	substance	has	to	be	framed	in	a	larger	structure	to	be	useful.	It	is	still	not	a	real	array,	though,	so	you	still	need	to	call	Array.from	if	you	want	to	treat	it	like	one.	Another	important	property	of	these	two	operators	is	that	the	part	to	their	right	is	evaluated	only	when	necessary.	Say	I	want	to	use	the
parseINI	function	from	Chapter	9	in	another	program.	let	descriptions	=	{	work:	"Went	to	work",	"touched	tree":	"Touched	a	tree"	};	This	means	that	braces	have	two	meanings	in	JavaScript.	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.
Functions	derive	from	Function.prototype,	and	arrays	derive	from	Array.prototype.	Note	that	both	replaceChild	and	insertBefore	expect	the	new	node	as	their	first	argument.	Code	that	interacts	heavily	with	the	DOM	tends	to	get	long,	repetitive,	and	ugly.	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.	You	can	see	it	as	a	kind	of	continuum	between	human-friendliness	and	machine-friendliness.	Another	computer	can	then	establish	a	connection	by	connecting	to	the	target	machine	using	the	correct	port	number.	And	require("robot")	might	try	to	load	the	library	found	in	node_modules/robot/.	These	can	be	used	to	“reason”
about	Booleans.	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.	But	in	Node,	the	text	will	go	to	the	process’s	standard	output	stream,	rather	than	to	a	browser’s	JavaScript	console.	If	you	make	up	your
own	attribute	names,	though,	such	attributes	will	not	be	present	as	properties	on	the	element’s	node.	How	does	it	remember	things?	The	DOM	is	organized	like	a	tree,	in	which	elements	are	arranged	hierarchically	according	to	the	structure	of	the	document.	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.	let	empty	=	{};	console.log(empty.toString);	console.log(empty.toString());	I	pulled	a	property	out	of	an	empty	object.	A	function	that	calls	itself	is	called	recursive.	More	than	one	type	may	implement	the	same
interface.	If	only	he	weren’t	such	a	slob	about	dental	hygiene,	he’d	have	never	even	noticed	his	affliction.	A	static	method	(written	here	by	directly	adding	a	property	to	the	constructor)	is	a	good	place	to	put	that	functionality.	The	upside	is	that	this	behavior	can	be	used	to	allow	a	function	to	be	called	with	different	numbers	of	arguments.	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.	This	involves	reading	the	module’s	code,	wrapping	it	in	a	function,	and	calling	it.	Each
block	creates	a	new	scope.	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.	The	term	comes	from	mathematics,	where	the	distinction	between	functions	and	other	values	is	taken	more	seriously.	There	are	much	more	convenient	wrapper
packages	available	on	NPM.	The	set	of	bindings	visible	inside	a	block	is	determined	by	the	place	of	that	block	in	the	program	text.	console.log(true	&&	false)	console.log(true	&&	true)	The	||	operator	denotes	logical	or.	There	is	a	simpler	way	to	write	such	loops	in	modern	JavaScript.	In	fact,	we	are	mostly	interested	in	the	shortest	route.	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.	Higher-order	functions	allow	us	to	abstract	over	actions,	not	just	values.	For	example,	the	function	called	readFile	reads	a	file	and	then	calls	a	callback	with	the	file’s	contents.	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.	So	when	that	is	called,	it	multiplies	its	argument	by	2.	Correlation	between	variables	is	usually	expressed	as	a	value	that	ranges	from	-1	to	1.	The	main	concept	in	CommonJS	modules	is	a	function	called	require.	You	could
definitely	also	write	this	computation	as	one	big	loop.	Recognizing	text	We	have	a	characterScript	function	and	a	way	to	correctly	loop	over	characters.	If	we	have	a	number	for	every	character,	a	string	can	be	described	by	a	sequence	of	numbers.	Some	parts	of	it	are	downright	confusing	and	poorly	conceived.	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.	Let’s	get	coding.	let	doh	=	"Doh";	console.log(typeof	doh.toUpperCase);	console.log(doh.toUpperCase());	Every	string	has	a	toUpperCase	property.	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.	Those	bits	also	store	negative	numbers,	so	one	bit	indicates	the	sign	of	the	number.	Which	pieces	are	likely	to	be	available	prewritten	on	NPM?	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.	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.	Use	the	fact	that	our	file	server	returns	lists	of	files	when	reading	a	directory.	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	rules	for	when	it	can	be	safely	omitted	are	somewhat	complex	and	error-prone.	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.	Text	nodes	are	created	with	the	document.createTextNode	method.	When	a	function	returns,	it	removes	the	top	context	from	the	stack	and	uses	that	context	to	continue	execution.	This	allows	us	to	build	expressions	that	describe	arbitrarily	complex	computations.	The	prototype	for	the
new	class	derives	from	the	old	prototype	but	adds	a	new	definition	for,	say,	the	set	method.	Every	value	has	a	type	that	determines	its	role.	You	can	use	JavaScript	functions	to	create	local	scopes	and	objects	to	represent	module	interfaces.	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.	We’ll	discuss	how	it	works	in	Chapter	6.	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.	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.	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.	The	downside	of	this	is	that	it	is	possible—likely,	even—that	you’ll	accidentally	pass	the	wrong	number	of
arguments	to	functions.	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.	When	continue	is	encountered	in	a	loop	body,	control	jumps	out	of	the	body	and	continues	with	the	loop’s	next	iteration.	So	some	characters,	such	as	many	emoji,	take	up	two	“character
positions”	in	JavaScript	strings.	Understanding	them	is	helpful	when	programming	in	the	browser,	but	they	are	complicated	enough	to	warrant	a	separate	book.	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.
Higher-order	functions	Functions	that	operate	on	other	functions,	either	by	taking	them	as	arguments	or	by	returning	them,	are	called	higher-order	functions.	`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.	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.	That	means	import	declarations	may	not	appear	inside
functions	or	blocks,	and	the	names	of	dependencies	must	be	quoted	strings,	not	arbitrary	expressions.	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.	The	only	disadvantages	with	the	app	are	that	it	has	no	annotation	and	can’t	read	Kindle
books.goodluz/Shutterstock	NOOK	EBook	AppNook	is	the	fantastic	eBook	app	giving	you	access	to	over	four	million	eBooks	from	different	sellers	around	the	globe.	The	code	is	not	that	much	worse.	When	creating	a	binding	produces	an	unexpected	syntax	error,	see	whether	you’re	trying	to	define	a	reserved	word.	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.	Be	careful	to	compare	properties	only	when	both	arguments	are	objects.	Destructuring	Let’s	go	back	to	the	phi	function	for	a	moment.	A	comment	is	a	piece	of	text
that	is	part	of	a	program	but	is	completely	ignored	by	the	computer.	This	property	holds	an	object	that	has	properties	for	all	possible	style	properties.	Inheritance	Some	matrices	are	known	to	be	symmetric.	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.	When	the	robot	has	decided	to	move	somewhere,	we	need	to	update	the	model	to	reflect	the	new
situation.	Then,	using	the	HTTP	protocol,	it	will	make	a	connection	to	the	server	at	that	address	and	ask	for	the	resource	/13_browser.html.	It’s	fit	for	recreational	reading.	That’s	a	lot.	An	HTML	document	contains	text,	as	well	as	tags	that	give	structure	to	the	text,	describing	things	such	as	links,	paragraphs,	and	headings.	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.	Jacques	kept	his	journal	for	three	months.	The	second	version	of	the	program	has	a	straightforward	solution	and	a	clever	one.	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.	They	are	conceptually	moved	to	the	top	of	their	scope	and	can	be	used	by	all	the	code	in	that	scope.	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.	Let’s
convert	the	list	of	roads	to	a	data	structure	that,	for	each	place,	tells	us	what	can	be	reached	from	there.	To	address	these	concerns,	UTF-16,	the	format	used	by	JavaScript	strings,	was	invented.	We’ll	look	at	HTTP	in	a	little	more	detail	in	Chapter	18.	Functions	as	values	A	function	binding	usually	simply	acts	as	a	name	for	a	specific	piece	of	the
program.	This	leaves	no	impression	on	the	world	at	all.	Since	Math.floor	rounds	down,	this	expression	will	produce,	with	equal	chance,	any	number	from	0	through	9.	These	rules	of	precedence	are	not	something	you	should	worry	about.	The	CommonJS	module	system,	based	on	the	require	function,	was	described	in	Chapter	10.	Designing	a	fitting
module	structure	for	a	program	can	be	difficult.	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.	They	come	in	several	forms.	So	the	outer	loop	handles	the	lines,	and	the	inner	loop	handles	the	characters	on	a	line.	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.	The	first	two	are	Infinity	and	-Infinity,	which	represent	the	positive	and	negative	infinities.	The	chapter	will	work	through	a	more	or	less	realistic	programming	example,	introducing	concepts	as	they	apply	to	the	problem	at	hand.	When	used	as	an
expression,	it	doesn’t	define	a	binding	but	just	produces	the	constructor	as	a	value.	But	randomRobot	needs	it	too.	If	you	want	to	extract	the	property	named	by	the	value	held	in	the	binding	i,	you	say	value[i].	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.	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.	I	mentioned	in	Chapter	4	that	a
for/of	loop	can	loop	over	several	kinds	of	data	structures.	Almost	all	JavaScript	values	have	properties.	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.	To	process	data,	we’ll	need	some	actual	data.	Special	numbers
There	are	three	special	values	in	JavaScript	that	are	considered	numbers	but	don’t	behave	like	normal	numbers.	for	(let	number	=	0;	number	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.	let	result	=	1;	let	counter	=	0;	while	(counter	<	10)	{	result	=	result	*	2;	counter	=	counter	+	1;	}	console.log(result);	The	counter	could	also	have	started	at	1	and	checked	for	console.log(l));	Script	data	set	One	area	where	higher-
order	functions	shine	is	data	processing.	And	this	is	the	second	recipe:	Per	person:	1	cup	dried	split	peas,	half	a	chopped	onion,	a	stalk	of	celery,	and	a	carrot.	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.	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.	Arrow	functions	There’s	a	third	notation	for	functions,	which	looks	very	different	from	the	others.	You	can	write	a	for	loop	for	that,	like	this:	for	(let	i	=	0;	i	<	10;	i++)	{	console.log(i);	}	Can	we	abstract	“doing	something
N	times”	as	a	function?	Code	400	(“bad	request”)	would	be	appropriate.	We	can	do	better,	as	we’ll	see	later	in	the	chapter.	The	class	should	work	for	values	of	any	type,	not	just	strings.	In	statistics	you	typically	have	a	set	of	measurements,	and	each	variable	is	measured	for	every	measurement.	·	Customizable	settings	like	font	size	and
brightness.Amazon	KindleIf	you	love	to	spend	your	free	time	reading,	Amazon	Kindle	is	a	good	eBook	app	for	you.	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.	The	only	step	remaining	is	to	find	a	correlation	for	every	type	of	event	that	was	recorded	and	see	whether	anything	stands	out.	In	them,	you’ll	find	useful	programming	tips,	articles	and	tutorials	to	help	you	become	a	better	programmer	and	advance	your	career.	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.	It	also	needs	randomPick.	The	others	are	packaged	into	that	constructor’s	prototype.	For	example,	when	the	code	inside	the	halve	function	refers	to	n,	it	is	seeing	its	own	n,	not	the	global	n.	The
second	argument	is	the	function	that	should	be	called	when	a	response	comes	in.	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.	This	is	wrong.	The	line	after	that	calls	console.log	again.	For	example,	Math.max	computes	the	maximum	of	all	the	arguments	it	is	given.	Putting
statements	after	one	another	gives	you	a	program	that	is	executed	from	top	to	bottom.	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.	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.
Transforming	an	array	by	putting	each	element	through	a	function	is	done	with	map.	It	is	widely	used	as	a	data	storage	and	communication	format	on	the	Web,	even	in	languages	other	than	JavaScript.	Any	nontrivial	piece	of	functionality	can	be	modeled	in	various	ways.	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).	So	who	is	the	prototype	of	that	empty	object?	The	instanceof	operator	It	is	occasionally	useful	to	know	whether	an	object	was	derived	from	a	specific	class.	Groups	The	standard	JavaScript	environment	provides	another	data	structure	called
Set.	Function	declarations	are	not	part	of	the	regular	top-to-bottom	flow	of	control.	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.	As	an	analogy,	compare	these	two	recipes	for	pea	soup.	The	first	time	find	is	called,	it	starts	by



calling	itself	to	explore	the	solution	that	starts	with	(1	+	5).	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.	Such	modules	can	still	export	other	bindings	under	different	names	alongside	their	default	export.	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	no	file	is	found,	try	to	create	a	directory	with	mkdir.	When	saving	a	file,	use	the	currently	selected	filename.	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.	Values	Imagine	a	sea	of	bits—an	ocean	of	them.	If	you	need	to	do	trigonometry,	Math	can	help.	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.	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.	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.	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.	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.	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.	It	allows	the	program	to	send	and	receive	data	from	and	to	multiple	devices	at	the	same	time	without	complicated	thread
management	and	synchronization.	Reading	a	property	that	doesn’t	exist	will	give	you	the	value	undefined.	This	method	takes	a	tag	name	and	returns	a	new	empty	node	of	the	given	type.	This	runs	the	simulation,	but	instead	of	outputting	text,	it	shows	you	the	robot	moving	around	the	village	map.	A	plain	opening	angle	bracket	is	written	as	<	(“less
than”),	and	a	closing	bracket	is	written	as	>	(“greater	than”).	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.	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.	In	code	where	new	blocks	are	opened	inside	other	blocks,	it	can	become	hard	to	see	where	one	block	ends	and	another	begins.	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.	Without	effort,	it	expands	and	contracts.	The	first	one	goes	like	this:	Put	1	cup	of	dried	peas	per	person	into	a	container.	In	the	simple	case,	we	want	some	code	to	be	executed	if,	and	only	if,	a	certain	condition	holds.	Make	sure	it	also	works	with	negative	step	values	so	that	range(5,	2,	-1)	produces	[5,	4,	3,	2].	As	you
import	books	to	its	shelves,	they	are	chronologically	arranged	for	easy	selection	and	access.	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.	Having	too	many	global	bindings	“pollutes”	the	namespace.	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.	You	could	use	that	to	make	sure	your	objects	aren’t	changed,	if	you	want	to	be	careful.	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.	Some	add	styling—	makes	its	content	bold,	and	makes	it	blue	and	underlines	it.	Chessboard	Write	a	program	that	creates	a	string	that	represents	an	8×8	grid,	using	newline	characters
to	separate	lines.	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.	stands	for	the	current	directory,	../	for	one	directory	up,	and	/
for	the	root	of	the	file	system.	It	takes	x	and	y	parameters	(numbers),	which	it	should	save	to	properties	of	the	same	name.	For	example,	node-fetch	provides	the	promise-based	fetch	interface	that	we	know	from	the	browser.	With	this	data	he	hopes	to	narrow	down	the	conditions	that	trigger	the	transformations.	The	for
construct	in	the	example	does	not	have	a	part	that	checks	for	the	end	of	the	loop.	Of	the	second	and	third	values,	only	the	one	that	is	selected	is	evaluated.	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?	The	function	keyword,	when	used	as	an	expression,	can	create	a	function	value.	The	loop	then	adds	one	to	the	correct	box	in	the	table.	But	sometimes	they	fall
short.	Words	with	a	special	meaning,	such	as	let,	are	keywords,	and	they	may	not	be	used	as	binding	names.	You	are	allowed	to	omit	the	class	name	in	a	class	expression.	Tim	Berners-Lee,	The	World	Wide	Web:	A	very	short	personal	history	The	next	chapters	of	this	book	will	talk	about	web	browsers.	So	we	want	to	make
sure	we	look	at	short	routes	before	we	look	at	longer	ones.	The	firstChild	and	lastChild	properties	point	to	the	first	and	last	child	elements	or	have	the	value	null	for	nodes	without	children.	I	recommend	you	do	the	same,	at	least	until	you’ve	learned	more	about	the	subtleties	of	missing	semicolons.	This	is	called	Han
unification	and	still	makes	some	people	very	angry.	Instead,	let’s	condense	the	village’s	state	down	to	the	minimal	set	of	values	that	define	it.	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	following	code	is
an	example	of	this.	Arrow	functions	were	added	in	2015,	mostly	to	make	it	possible	to	write	small	function	expressions	in	a	less	verbose	way.	Let’s	start	up	a	virtual	world.	JavaScript	uses	a	fixed	number	of	bits,	64	of	them,	to	store	a	single	number	value.	They	can	be	any	string,	but	the	dot	notation	works	only	with
names	that	look	like	valid	binding	names.	There	is	no	single	obvious	way	to	represent	a	graph	in	JavaScript.	The	automatic	synchronization	feature	allows	you	to	access	your	files	in	different	devices	picking	up	from	your	last	point.Monkey	Business	Images/Shutterstock	WattpadWattpad	has	an	internal	browser	which
makes	it	easy	for	you	to	search	for	different	books	available	online	from	your	reading	app.	HTML	and	JavaScript	In	the	context	of	this	book,	the	most	important	HTML	tag	is	.	Instead	of	calling	a	function	to	access	a	dependency,	you	use	a	special	import	keyword.	So	if	you	ask	for	"./graph"	from	the	file
/tmp/robot/robot.js,	Node	will	try	to	load	the	file	/tmp/robot/graph.js.	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.	Well,	it’s	easy	to	write	a	function	that	calls	console.log	N	times.	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.	It	is	not	hard	to	get	used	to	little	things	like	that,	and	code	with	mixed	naming	styles	can	be	jarring	to	read,	so	we	follow	this	convention.	It	exports	a	single	function,	formatDate,	which	takes	a	Date	object	and	a	template	string.	The	tag	can	be	given	an	src	attribute	to	fetch	a
script	file	(a	text	file	containing	a	JavaScript	program)	from	a	URL.	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.	The	global	binding	document	gives	us	access	to	these	objects.	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.	You	can	invoke	them	by	writing	functionName(argument1,	argument2).	When	you	use	it	to	loop	over	a	string,	it	gives	you	real	characters,	not	code	units.	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.	Donald	Knuth	Functions	are	the	bread	and	butter	of	JavaScript	programming.	When	objects	change	over	time,	that	adds	a	whole	new	dimension	of	complexity	to	this	kind	of	reasoning.	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).	let	accountBalance	=	calculateBalance(account);	accountBalance.adjust();	let	report	=	new	Report();	addToReport(accountBalance,	report);	A	//	comment	goes	only	to	the	end	of	the	line.	The	way
JavaScript	does	this	is	based	on	the	Unicode	standard.	This	comes	out	to	ϕ	≈	0.069,	which	is	tiny.	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.	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.	We	need	a	place	to	store	and	find	packages	and	a	convenient	way	to	install	and
upgrade	them.	It	will	ask	again	and	again	until	it	gets	something	that	is	not	an	empty	string.	The	browser	knows	that	and	belong	in	the	head	and	that	means	the	body	has	started.	The	first	is	fired	every	time	data	comes	in,	and	the	second	is	called	whenever	the	stream	is	at	its	end.	Some,	such	as	paragraphs	()	or
headings	(),	take	up	the	whole	width	of	the	document	and	are	rendered	on	separate	lines.	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.	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.	Customization	is	easy	since	you	only
click	a	single	button	for	specific	changes.	The	previous	example	used	Math.random.	The	corresponding	methods	for	adding	and	removing	things	at	the	start	of	an	array	are	called	unshift	and	shift.	Writable	streams	are	a	widely	used	concept	in	Node.	let	labels	=	[];	repeat(5,	i	=>	{	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.	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.	A	script	tag	must	always	be	closed
with	,	even	if	it	refers	to	a	script	file	and	doesn’t	contain	any	code.	As	an	example	of	this	poor	integration,	consider	the	childNodes	property	that	element	nodes	in	the	DOM	have.	This	is	not	a	terribly	meaningful	or	surprising	statistic.	HTML	HTML,	which	stands	for	Hypertext	Markup	Language,	is	the	document	format
used	for	web	pages.	If	the	current	number	is	the	target	number,	the	current	history	is	a	way	to	reach	that	target,	so	it	is	returned.	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.	The	value	of	such	an	expression	is	the	value	the
binding	currently	holds.	We	can	directly	use	this	interface	ourselves.	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)	?	The	tag	shown	next	(which	shows	up	as	a	button)	has	an	onclick	attribute.	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.	When	called,	the	function	body	sees	the	environment	in	which	it	was	created,	not	the	environment	in	which	it	is	called.	Similarly,	given	64	binary	digits,	you	can	represent	264	different	numbers,	which	is	about	18	quintillion	(an	18	with	18	zeros	after	it).	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.	Write	a	function	arrayToList	that	builds	up	a	list	structure	like	the	one	shown	when	given	[1,	2,	3]	as	argument.	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.	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.	But	when	searching	for	a	route	from	A	to	B,	we	are	interested	only	in	the	ones	that	start	at	A.	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.	As	you	might	have	guessed,	the	multiplication	happens	first.	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.	At	any	point	where	a	single	browser	was	dominant,	that	browser’s	vendor	would	feel	entitled	to	unilaterally	invent	new	features	for	the	Web.	Some	are	displayed	as	blocks,	others	inline.	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.	Static	methods	are	methods	stored	in	a	class’s	constructor,	rather	than	its
prototype.	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.
Because	Microsoft	was	not	particularly	interested	in	staying	competitive	at	the	time,	Firefox	took	a	lot	of	market	share	away	from	it.	The	replaced	node	must	be	a	child	of	the	element	the	method	is	called	on.	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.	The	first	index	of	an	array	is	zero,	not	one.	It	is	also	common	to	put	an	underscore	(_)	character	at	the	start	of
property	names	to	indicate	that	those	properties	are	private.	It	may	appear	in	front	of	a	function,	class,	or	binding	definition	(let,	const,	or	var).	Readable	streams	have	"data"	and	"end"	events.	Exercises	Minimum	The	previous	chapter	introduced	the	standard	function	Math.min	that	returns	its	smallest	argument.	If
you	ask	for	the	value	of	an	empty	binding,	you’ll	get	the	value	undefined.	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.	function	repeat(n,	action)	{
for	(let	i	=	0;	i	<	n;	i++)	{	action(i);	}	}	repeat(3,	console.log);	We	don’t	have	to	pass	a	predefined	function	to	repeat.	Functions	are	special	values	that	encapsulate	a	piece	of	program.	The	main	concepts	of	dependencies	and	interfaces	remain	the	same,	but	the	details	differ.	At	least,	it	usually	is.	You	can	read	data,
modify	data,	create	new	data—but	that	which	isn’t	data	cannot	be	mentioned.	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.	First,	your	browser	has	to	find	out	what
address	eloquentjavascript.net	refers	to.	But	what	if	you	want	to	test	whether	something	refers	to	the	precise	value	false?	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.	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.	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.	They	are	binary	operators.	let	journal	=	[];	function	addEntry(events,	squirrel)	{	journal.push({events,	squirrel});	}	Note	that	the	object	added	to	the	journal	looks	a	little	odd.	It	is	recommended	to	create	such	a	file	for	each	project,	either
manually	or	by	running	npm	init.	It	is	the	best	app	for	light	readers.stockfour/Shutterstock	MORE	FROM	BLOGLINES	Type	in	your	email	below,	and	I’ll	send	you	an	e-book	to	help	you	prepare	for	the	JavaScript	Interview.	The	second	call	to	reduce	then	uses	this	to	find	the	largest	script	by	repeatedly	comparing	two
scripts	and	returning	the	larger	one.	It	is	possible	to	create	a	writable	stream	that	points	at	a	file	with	the	createWriteStream	function	from	the	fs	module.	In	Chapter	1	I	mentioned	that	JavaScript	strings	are	encoded	as	a	sequence	of	16-bit	numbers.	So	the	interface	is	small	and	familiar,	and	after	you’ve	worked	with	it
once,	you’re	likely	to	remember	how	to	use	it.	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.	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.	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.	Changing	the	document	Almost	everything	about	the	DOM	data	structure	can
be	changed.	This	is	necessary	because	the	node	list	returned	by	a	method	like	getElementsByTagName	(or	a	property	like	childNodes)	is	live.	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.	Finding	elements
Navigating	these	links	among	parents,	children,	and	siblings	is	often	useful.	The	task	Our	robot	will	be	moving	around	the	village.	Further	arrayology	Before	finishing	the	chapter,	I	want	to	introduce	you	to	a	few	more	object-related	concepts.	Thus,	√(x2	+	y2)	is	the	number	you	want,	and	Math.sqrt	is	the	way	you
compute	a	square	root	in	JavaScript.	The	parentheses	after	a	for	keyword	must	contain	two	semicolons.	As	we	saw	in	Chapter	11,	ensuring	those	things	is	already	a	rather	difficult	problem.	For	example,	the	Hypertext	Transfer	Protocol	(HTTP)	is	a	protocol	for	retrieving	named	resources	(chunks	of	information,	such	as
web	pages	or	pictures).	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.	The	function	should	accept	a
single	parameter	(a	positive,	whole	number)	and	return	a	Boolean.	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.	console.log("toString"	in	Object.create(null));	Object	property	names	must	be	strings.	But	in	this
case,	the	advantage	(cross-language	consistency)	isn’t	all	that	compelling.	Instead,	there	is	an	empty	instance,	PGroup.empty,	that	can	be	used	as	a	starting	value.	The	exception	is	when	multiple	bindings	have	the	same	name—in	that	case,	code	can	see	only	the	innermost	one.	In	the	case	of	the	power	function,	the
inelegant	(looping)	version	is	still	fairly	simple	and	easy	to	read.	The	roads	module	contains	the	raw	road	data	(the	roads	array)	and	the	roadGraph	binding.	Rather,	it	provides	a	namespace	so	that	all	these	functions	and	values	do	not	have	to	be	global	bindings.	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.	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.	Add	it	to	the	peas.	The	part	before	the	first	semicolon	initializes	the	loop,	usually	by	defining	a	binding.	So	that	cuts	down
on	the	number	of	routes	that	the	route	finder	has	to	consider.	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.	For	example,	this	version	of	power	makes	its	second	argument	optional.	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.	The	recursive	function	must	check	the	node	type.	We	need	that	conversion	because	the	result	of	prompt	is	a	string	value,	and	we	want	a	number.	We
again	use	pipe	to	move	data	from	a	readable	stream	to	a	writable	one,	in	this	case	from	the	request	to	the	file.	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.	You	can	do	it	either	by	using	a
recursive	function	or	by	keeping	an	array	of	work	(files	that	still	need	to	be	explored).	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.	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.	Each	DOM	node	object	has	a	nodeType	property,	which	contains	a	code	(number)	that	identifies	the	type	of	node.	This	is	called	escaping	the	character.
Simmer	for	2	hours	in	4	cups	of	water	(per	person).	Test	it	on	50	and	75.	Some	licenses	require	you	to	also	publish	code	that	you	build	on	top	of	the	package	under	the	same	license.	So	I	usually	prefer	to	just	tell	people	that	a	given	object	shouldn’t	be	messed	with	and	hope	they	remember	it.	And	findIndex	finds	the
position	of	the	first	element	that	matches	a	predicate.	HTML	documents	have	a	head	and	a	body.	To	map	such	a	string	to	an	actual	file,	there	is	a	nontrivial	amount	of	interpretation	going	on.	Don’t	assume	that	a	painful	mess	is	“just	the	way	it	is”.	It	is	actually	an	expression	that	retrieves	the	log	property	from	the
value	held	by	the	console	binding.	It	does	seem	to	occur	somewhat	more	often	on	weekends.	It	stores	a	mapping	and	allows	any	type	of	keys.	Like	function,	class	can	be	used	both	in	statements	and	in	expressions.	We’ll	address	that	soon.	Once	the	bits	are	successfully	transmitted,	they	can	be	read	out	again	by	the
machine	on	the	other	side.	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.	runRobotAnimation(VillageState.random(),	yourRobot,	memory);	The	main	limitation	of	goalOrientedRobot	is	that	it	considers	only	one	parcel	at	a	time.	Nonpure	functions
tend	to	require	more	scaffolding	to	test.	Then	there	are	issues	that	are	simply	poor	design.	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).	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.	But	what	if	your	map	needs	to	include	the	word
"hasOwnProperty"?	See	the	documentation	at	for	specifics.	This	is	useful	for	adding	blocks	of	information	about	a	file	or	a	chunk	of	program.	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.	The	other	text	is	just	plain	text.	The	robot	picks	up	parcels	when	it	comes	to	them	and	delivers	them	when	it	arrives	at	their	destinations.	◀	◆	▶	Most	code	on	NPM	is	licensed	this	way.	In	most	cases,	it	just	tries	to	convert	one	of	the	values	to	the	other	value’s	type.
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.	So,	when	you	open	that	page	in	your	browser,	it	sends	a	request	to	your	own	computer.	This	is	a	module	for	going	between	day	names	and	numbers	(as	returned	by
Date’s	getDay	method).	If	you	have	a	value	that	might	be	empty,	you	can	put	||	after	it	with	a	replacement	value.	‘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.	Arithmetic	operations	such	as	addition	or	multiplication	take	two	number	values	and	produce	a	new	number	from	them.	The	standard	contains	140	different	scripts—81	are	still	in	use	today,	and	59	are	historic.	Functions	A	lot	of	the	values	provided	in	the	default	environment
have	the	type	function.	But	sometimes	you’d	prefer	to	compare	the	values	of	their	actual	properties.	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.	The	phrase	“big	ball	of	mud”	is	often	used	for	such	large,	structureless	programs.	A	similar	trick	works	for	objects,	using	braces	instead	of
square	brackets.	All	this	data	is	stored	as	long	sequences	of	bits	and	is	thus	fundamentally	alike.	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.	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.	const	horn	=	()	=>	{	console.log("Toot");	};	There’s	no	deep	reason	to	have	both	arrow	functions	and	function	expressions	in	the	language.	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.	for	(let	value	of	Group.from(["a",	"b",	"c"]))	{	console.log(value);	}	It	is	probably	worthwhile	to	define	a	new	class	GroupIterator.	Let’s	work	through	it,	since	it	makes	for	a	great	exercise	in	recursive	thinking.	So	if	we	wanted	to	use
that	package,	we’d	have	to	make	sure	that	our	graph	was	stored	in	the	format	it	expects.	It	is	about	ranges	and	sums.	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.	As	it	is,	we	will	run	out	of	space,	or	“blow	the
stack”.	They	help	us	deliver	emails.	It	is	possible	to	include	an	array	like	that	along	with	other	arguments,	as	in	max(9,	...numbers,	2).	Barbara	Liskov,	Programming	with	Abstract	Data	Types	Chapter	4	introduced	JavaScript’s	objects.	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.	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.	There’s	the	robot’s	current	location	and	the	collection	of	undelivered	parcels,	each	of	which	has	a	current	location	and	a	destination	address.	It	is	more	likely	to	be	correct	because	the	solution	is	expressed	in	a	vocabulary	that	corresponds	to	the	problem	being	solved.	Package	files	In	the	npm	install	example,
you	could	see	a	warning	about	the	fact	that	the	package.json	file	did	not	exist.	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.	Let’s	take	a	closer	look	at	it.	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.	Reading	from	a	stream	is	done	using	event	handlers,	rather	than	methods.	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.	When	you	run	this	script,	the	process	just	sits	there	and	waits.	When	done,	it	should	output	the	average	number	of	steps	each	robot	took	per	task.	It	has	customizable	features	like	text	background
color	and	font	size	adjustment.	If	the	target	machine	can	be	reached	and	is	listening	on	that	port,	the	connection	is	successfully	created.	The	braces	can	be	used	to	group	any	number	of	statements	into	a	single	statement,	called	a	block.	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.	That	way,	range(5,	2)	returns	something	meaningful,	rather	than	getting	stuck	in	an	infinite	loop.	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.	Another	complicating
factor	is	that	text	nodes	are	created	even	for	the	whitespace	between	nodes.	JSON	looks	similar	to	JavaScript’s	way	of	writing	arrays	and	objects,	with	a	few	restrictions.	The	rest	of	the	details	that	make	up	your	object	are	now	encapsulated,	hidden	behind	the	interface.	The	flow	mode	saves	you	the	time	of	scrolling
across	pages.	It	does	support	Amazon	formats,	but	the	only	disadvantage	noticeable	with	Calibre	is	that	it	cannot	open	protected	Kindle	books	and	files.GaudiLab/Shutterstock	Aldiko	EBook	ReaderThe	Aldiko	eBook	app	is	the	perfect	PDF	and	ePub	formats	reader.	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.	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.	By	default,	you	own	the	copyright	to	the	code	you	write,	and	other	people
may	use	it	only	with	your	permission.	These	can	have	child	nodes.	It	was	originally	designed	for	network	tasks	to	play	the	role	of	a	node	in	a	network.	Inheritance	allows	us	to	build	slightly	different	data	types	from	existing	data	types	with	relatively	little	work.	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.	Its	non-zero	digits	stand	for	8,	4,	and	1,	and	add	up	to	13.	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.	It	is
possible	to	store	a	function	value	in	a	new	binding,	pass	it	as	an	argument	to	a	function,	and	so	on.	Overriding	properties	that	exist	in	a	prototype	can	be	a	useful	thing	to	do.	It	acts	as	a	live	data	structure:	when	it’s	modified,	the	page	on	the	screen	is	updated	to	reflect	the	changes.	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.	The	app	displays	current	chapters	and	paragraphs	with	the	help	of	the	reference	mode	making	citation	easy.
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