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Often	we	would	like	to	keep	track	of	objects	or	events	in	a	way	that	allows	us	to	access	the	most	recent/newest	one	first.	For	example,	we’ve	seen	the	Call	Stack	which	keeps	track	of	functions	and	makes	sure	that	functions	are	always	sorted	from	the	most	recent	call	(e.g.	194;	160;	the	function	we’re	currently	in)	to	the	oldest	call	(e.g.	194;	160the
main	function).	When	we	call	a	new	function,	its	frame	stack	(memory	for	automatic	variables,	number	of	program	counters/line,	etc.)	is	added	to	this	structure	and	when	the	function	returns,	the	frame	is	removed	from	the	structure.	We	are	always	working	on	the	same	end	of	the	structure:	adding	and	removing	items	that	are	the	newest.	This	type	of
structure	follows	a	Last	In	First	Out	(LIFO)	structure,	because	the	last	thing	we	added	is	the	first	thing	that	can	be	removed.	This	type	of	structure	is	called	Stack	and	is	shown	in	Figure	5.1.	Figure	5.1:	A	pile	of	pancakes	When	a	new	pancake	has	been	cooked,	we	always	put	the	new	pancake	on	top	of	the	pile.	When	we	remove	a	pancake,18	we
always	remove	the	pancake	that	is	at	the	top	â	Â		this	means	that	the	pancake	we	remove	is	always	the	one	that	has	been	cooked	most	recently.	The	last	pancake	placed	on	the	pile	is	the	first	pancake	we	remove	from	the	pile	and	devour.	In	addition	to	that,	we	can	arbitrarily	add	and	remove	pancakes:	you226;ÔÊ×1⁄2Ó2Â	ã	̄¥~Ô	Â¦	put	p1	on	the	p1
stack,	then	put	p2	on	the	p1,	then	turn	and	remove	p2	and	eat	it	[p1],	put	p3	back	on	the	p1	stack	[p1,	p3],	then	you	put	p4	on	the	stack	[p1,	p3],	then	you	put	p5	on	the	stack	[p1,	p3,	p4,	p5],	then	you	eat	p5	[p1,	p3,	p4],	then	p4	[p1,	p3],	then	p3	[p1]226;Â​Â¦	then	you	eat	p1,	which	is	probably	cold	by	now.	Stacks	are	very	useful	structures	whenever
we	want	to	be	able	to	retrace	our	last	steps.	Think	of	the	undo	button	in	any	program	As	you	perform	several	operations,	the	program	stores	each	action	on	aThe	most	recent	thing	you've	done	is	at	the	top	of	the	pile,	and	the	most	recent	thing	after	that	is	under.	If	you	press	Cancel,	it	will	remove	the	last	action	you	made	from	the	top	of	the	pile	and
will	do	the	opposite.	If	you	press	Cancel	again,	it	will	remove	the	second	last	action	from	the	stack	and	reverse	that	action.	When	you	perform	an	action	is	added	to	the	top	of	the	pile,	as	you	hit	cancellation,	the	action	at	the	top	of	the	pile	is	removed	and	then	reversed	in	the	program.	Go	to	your	favorite	word	processor	and	play	around	with	the
Cancel	button.	Think	of	what	the	pile	would	look	like	at	any	point.	There	are	many	other	examples	of	batteries	that	are	used	every	day.	Think	of	how	the	examples	below	form	a	stack	and	how	objects	would	be	added	or	removed.	The	back	button	in	your	browser.	The	button	forward	in	your	browser.	When	are	the	pages	added	to	this	stack?
Visits/activities/pages	in	a	mobile	application	(imagine	browsing	back	and	forth	through	the	App	Settings	page).	The	recursive	function	calls	in	a	C++	program.	To	retrace	your	steps	after	hitting	a	dead	end	in	a	maze.	You	can	se	e	in	the	examples	above,	we	often	use	batteries	to	track	the	decisions	we	have	made,	and	then	use	the	stack	to	retrace	our
steps	if	we	decide	we	have	made	a	mistake.	That's	how	we	can	implement	a	class	of	algorithms	called	backtracking	algorithms.	You	came	across	this	idea	earlier	in	IAP	when	you	discussed	how	to	solve	a	Sudoku	using	a	recursive	function.	This	algorithm	used	the	call	stack	to	track	your	actions	when	you	created	you226;	128?	d;	has	made	an	error,	the
function	has	returned	false	and	the	previous	function	is	resumed	after	cancelling	the	changes	you226;	128?	d;	did	128;	"What?	Figure	5.2.	Later	in	this	chapter,	what	a	re	they	doing	to	talk	about	how	to	implement	an	algorithm	of	without	recourse,	managing	the	pile	ourselves.	There	are	many	other	problems	that	can	be	solved	with	backtracking
algorithms.	Some	of	these	are	discussed	further	here	Before	switching	to	how	we	can	use	stacks,	let's	talk	before	the	ADT	Stack	interface	(section	5.2)	followed	by	some	implementations	(section	5.3).	A	stack	is	a	fairly	simple	ADT.	It	has	only	4	important	functions.	Note	that	there	is	no	operator	[]	or	AT	function	because	there	is	allowed	to	access	only
the	element	at	the	top	of	the	stack.	The	only	way	to	access	other	objects	would	be	to	remove	the	objects	until	what	we	wanted	to	be	at	the	top.	In	general,	if	you	need	Â	â	â	â	â	â	"Random	access"	to	access	arbitrary	elements	in	the	container,	then	a	stack	is	probably	the	wrong	data	structure	and	you	should	consider	the	use	of	something	else.	Suppose
T	is	the	type	of	object	stored	in	the	list,	es.	int.	Void	Push	adds	value	to	the	top	of	the	stack.	void	pop	()	removes	the	element	from	the	top	of	the	stack.	T	&	Top	()	or	sometimes	T	&	Peek	()	Returns	a	reference	to	the	top	element.	SIZE_T	SIZE	()	Returns	the	number	of	items	to	the	stack.	There	are	two	main	implementations	for	a	stack,	a	contiguous
memory	based,	the	other	based	on	a	linked	list.	The	C	++	Library	Template	Standard	provides	the	STD	::	Stack	template	class	¢	.	This	class	uses	a	container	below	as	a	carrier	or	a	list,	but	can	use	any	container	that	provides	empty,	size,	back,	push_back	and	pop_back	functions.	By	default	use	a	two-queue	(deque)	queue	as	a	container	below	(we	will
discuss	this	first	structure	in	the	course),	this	is	reasonable	default	and	usually	it	is	the	right	choice.	You	can	create	one	std	::	stack	in	the	following	ways:	#include	using	std	::	stack;	Class	Thing;	//	Stack	of	Things,	Underlying	Container:	Deque	Stack	S0;	//	Stack	of	Things,	Underlying	Container:	Deque	Stack	S1;	//	Stack	of	Things,	Underlying
Container:	Vector	vector>	s2;	//	Stack	of	Things,	underlying	container:	list	stack	s3;	Quando	stiamo	facendo	aritmetica,	aritmetica,	use	internal	notation	to	represent	operators	and	operators	of	a	formula.	This	means	that	the	operator	is	+"x"	183;)	acts	on	operators	located	on	both	sides.	The	operator	is	at	the	center,	for	example.	194;	160a	{b.	in	the
twenties	a	Polish	mathematician,	Jan	is	133o;o	ukasiewicz,	invented	Polish	notation.	He	has	shown	that	writing	front	operators	and	operations	no	longer	requires	parenthesis	to	dismantle	the	order	of	operations,	e.g.	b.	Reverse	Polish	notation	(RPN)	It	was	then	proposed	by	Philosopher	and	Computer	Scientist	Charles	Hamblin.	In	this	approach,
operators	follow	operations.	The	advantage	is	that	all	operators	appear	in	the	order	in	which	they	will	be	evaluated.	This	approach	is	also	called	post-fix	notation	because	©	operators	are	looking	for	operations,	for	example.	194;	and	b	+.	RPN	was	used	in	the	English	computer	education	language	in	the	1960s.	Hewlett-Packard	engineers	have
discovered	that	by	requiring	the	user	to	insert	instructions	in	the	RPN,	electronics	within	their	first	computers	could	be	considerably	simplified.	This	means	that	users	need	to	learn	the	new	notation,	but	that	the	number	of	components	and	therefore	the	cost	of	computers	could	be	reduced.	In	1968,	HP9100A	became	the	first	computer	to	use	RPN	and
is	widely	considered	the	first	desktop	computer.	Using	RPN,	the	machine	does	not	need	to	analyze	the	formula	first	and	the	intermediate	values	do	not	need	to	be	written	because	the	staves	are	completely	useless.	These	days,	machines	are	quite	powerful	that	the	calculation	or	understanding	of	internal	formulas	does	not	cost	much	computational
time.	Similarly,	transistors	are	so	small	and	economical,	the	additional	hardware	needed	to	do	so	does	not	affect	price	or	size.	Several	modern	computers	like	HP12C	still	use	this	and	if	you	take	the	course	of	Acuarial	Science	Wits	you	have	probably	used	one!	To	evaluate	a	postfix	expression,	we	run	the	following	algorithm	and	use	a	stack	to	store	the
results	that	train	operators.	When	we	read	a	number,	we	push	it	towards	the	stack,	when	we	read	an	operator	we	spin	as	many	works	as	necessary,	we	perform	the	operation,	and	then	we	push	the	result	into	the	stack.	PUT:	PostfiOUPUT	expression	tokens:	the	evaluation	of	the	initial	expression	the	empty	stack	of	each	individual	element	in	the
formulation	of	each	single	sign	in	the	expression	of	the	postfix:	19;	\\\\\\\\\	\o	\o	\\160;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\	\dellapila	is	carrying	out	the	operation;	push?	The	result	again	on	the	stack	There	should	be	a	number	of	one	remaining	on	the	RETURN	stack	this	number	as	a	result	of	the	expression	There	is	a	simple	algorithm	that	also	uses	a	stack,	to
convert	an	infix	formula	into	a	postfix.	If	you	were	building	your	computer,	you	could	accept	an	in	fix	expression	(10+5*2),	convert	it	into	a	postfix	expression	(10	5	2	*	+)	and	then	evaluate	it	using	the	post-fix	algorithm	above.	This	technique	is	widely	used	by	compilers	as	they	convert	source	code	into	machine	code.	We	mentioned	before	that	Stacks
are	often	used	when	we	need	to	retrace	our	steps	or	back.	When	we	have	a	research	space	(e.g.	194;	160;	labyrinth),	we	can	perform	a	systematic	search	of	the	labyrinth	by	performing	a	depth	search.	This	means	that	we	make	a	decision	on	which	direction	to	take	at	the	first	intersection	and	then	try	every	route	from	there.	If	we	hit	a	dead	end,	we	go
back	to	the	last	decision	we	made	and	change	it.	The	idea	here	is	that	we	go	down	a	path	until	we	are	forced	to	go	back.	19	The	type	of	research	described	above	must	not	always	take	place	in	a	maze	or	other	physical	space.	We	can	think	of	every	position	in	a	research	space	corresponding	to	a	different	state	of	the	world	as	well.	In	the	above	maze,
each	decision	was	one	of	the	four	directions.	When	sudoku,	each	decision	involves	setting	the	value	of	a	cell	to	one	of	nine	numbers.	In	the	maze,	we	followed	a	path	until	we	reached	a	dead	end	and	managed	to	reach	128;	t;	128?	t;	all	the	curves	valid.	When	we	solve	a	sudoku,	we	can	make	a	decision	and	(e.g.	194;	160;	enter	a	number	in	an	empty
block)	and	then	check	if	the	status	of	the	board	is	valid.	If	so,	then	we	can	make	that	move	and	try	all	the	axes	that	lead	from	that	state.	If	none	of	these	cards	are	solved,	then	we	must	have	made	a	wrong	move	and	we	must	change	that	decision	(i.e.,	160;	that	number	must	be	updated	to	a	different	number).	At	every	decision,	we	put	our	action	in	the
pile.	If	then	we	realize	that	there	are	no	valid	advice	from	this	decision	and	(i.e.,	160;	we	made	a	decision	that	leads	us	to	a	dead	end),	then	we	can	remove	that	action	from	the	pile,	try	the	next	action,	and	then	check	those	tips.	We	will	formalize	this	algorithm	below,	where	we	will	consider	your	first	project.	In	IAP	you	have	seen	this	code	when	you
learn	recurrence:	Figure	5.2:	Sudoku	Pseudocode	by	IAP	This	code	is	doing	the	same	thing!	This	code	is	a	recurring	implementation	of	a	Profth	First	Search.	Use	the	call	pile	to	track	decisions	and,	as	each	function	returns,	the	previous	state	of	the	sudoku	can	be	restored.	You	need	to	implement	both	types	of	pile:	based	on	a	vector	and	based	on	a
linked	list.	Here	is	the	interface	for	a	pile:	class	Thing;	class	Stack{public:	//	Add	t	to	top	of	vacuum	push	stack(Thing	&t);///	Remove	the	top	element	from	the	pop	blank	pile();///	Return	a	reference	to	the	top	element	in	the	stack	What	and	things	&top();	//	Return	the	number	of	items	in	the	size_tsize()	const	stack;	//	Return	the	true/false	based	on	the
fact	that	the	pile	is	empty	bool	blank()	cons;	public:	vector	data;//	list	data;};	You	must	use	the	relevant	functions	of	the	carrier	(vettore)	and	the	linked	list	(list)standard	model	library	structures	(STL).	Both	implementations	should	be	remarkably	similar.	You	need	to	write	a	sudoku	resolver	using	a	Profth	First	Search.	Your	code	must	produce	the
correct	solution	for	a	given	input.	Sudoku	sizes	vary4,	91Times9	For	your	submission	to	resolve	a	Timer	n	Time	n)	Sudoku	and	how	well	it	balances.	The	degrees	will	be	assigned	as	follows:	auxiliary	functions.	30%	solves	a	Sudoku	Times	9).	30%	Solves	a	16-)	sudoku	correctly.	10%	solves	a	Timers	25)	sudoku	correctly.	5%	Time	taken	to	resolve	a
Times	9-)	sudoku.	10%	[Based	on	the	speed	ranking]	Time	taken	to	resolve	a	Sudoku	Times	16).	10%	[Based	on	the	speed	ranking]	Time	taken	to	resolve	a	Times	25)	Sudoku.	5%	[based	on	the	ranking	of	the	speed]	Further	details,	as	well	as	test	cases,	will	be	released	soon.	Dale,	in	B,	Chip	Weems,	and	Tim	Richards.	2018.	C	++	Plus	data	structures.
6th	Ed.	Jones	*	Bartlett	Learning.	Goodrich,	Michael	T,	Roberto	Tamassia,	and	David	M	Mount.	2011.	data	structure	and	C	++	algorithms.	2	°	Ed.	John	Wiley	...	children.	Weiss,	Mark	A.	2014.	Data	structures	-	[Algorithm	Analysis	in	C	++.	Pearson	education.	Instruction.
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http://www.impactit.in/ckfinder/userfiles/files/65831938743.pdf
http://www.schule.havonix.com/ckfinder/userfiles/files/88866379975.pdf
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http://rutka.pl/media/upload/files/88e982957e86793ae0ee6ab9f57b44c1.pdf
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https://balarampurblock.in/ckfinder/userfiles/files/suzufe.pdf
http://www.rztria.ru/kcfinder/upload/files/zurajosi.pdf
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http://gaudi.tw/upload/file/namolonozarivivijoja.pdf

