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Math	worksheets	and	visual	curriculum	This	product	is	a	sorting	activity	where	students	have	to	classify	21	real	numbers	by	their	most	specific	classification	(Rational,	Integer,	Whole	Number,	Natural	Number	and	Irrational).	This	activity	comes	with	digital	drag	and	drop	(using	Google	Slides)	and	paper	cut	and	paste	versions.	There	are	multiple	color	options	depending	on	the	teacher	and	students	needs/preferences.This	product	is	great	for	independent	practice	or	group	work	to	practice	this	skill.	With	the	paper	version,	students	canTypes:Rational	and
Irrational	Number	Sortby	Students	are	given	a	selection	of	rational	and	irrational	forms	and	numbers.	Students	will	pull	from	the	word	bank	and	place	in	the	correct	bubble	--	rational	or	irrational.	Great	for	introduction	to	rational	and	irrational	numbers.	Students	can	also	create	their	own	after	sorting.Subjects:Types:Rational	and	Irrational	Numbersby	Classifying	rational	and	irrational	numbers	task	cards	are	a	great	way	to	have	extra	practice	on	real	numbers.	Task	cards	can	be	used	in	so	many	ways,	math	centers,	remediation,	or	review!	This	freebie
includes	12	task	cards,	a	recording	sheet,	and	an	answer	sheet.	Perfect	way	for	your	students	to	practice	classifying	rational	and	irrational	numbers!	ALSO:	Check	out	my	Digital	Resources!Digital	Interactive	ResourcesRational	and	Irrational	Numbers	Notesby	This	2	page	document	includes	a	Do	Now,	Think-Pair-Share	Activity,	and	Short	Answer	Questions	for	students	to	improve	on	their	ability	to	answer	a	variety	of	types	of	questions	regarding	rational	and	irrational	numbers.	Great	for	introducing	Rational	and	Irrational	Numbers	or	as	a	2nd	day	extension
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types	of	real	numbers.	Students	will	have	to	distinguish	between	rational,	irrational,	whole,	natural	and	whole.	Use	this	as	a	verification	point	or	as	a	test	at	the	end	of	the	lesson.	Types:	This	FREE	reference	sheet	includes	a	multiplication	table	for	all	integer	products	from	1	×	1	to	12	×	12.	Two	of	the	four	versions	of	this	reference	sheet	omit	the	perfect	squares	that	fall	along	the	diagonal	of	the	multiplication	table,	so	that	students	can	fill	the	perfect	squares	within	the	given	range	(1	×	1,	2	×	2,	3	×	3,	...,	12	×	12).	At	the	bottom	of	the	reference	sheet,
students	can	use	the	response	bank	provided	to	continue	listing	additional	perfect	squares	from	13	×	13	to	2Page	3This	document	is	a	carousel	activity.	When	you	purchase	you	will	have	18	pieces	of	questions,	a	student	recording	sheet	and	a	response	key.	There	are	18	questions	that	ask	students	to	identify	the	numbers	that	a	number	belongs	to	(I.E.	Natural,	Whole,	Integer,	Rational,	Real,	Irrational).	To	use	this	activity:	Divide	students	in	groups	of	2-3	students.	Allocation	of	each	group	a	departure	number.	(Ex.	Group	1	can	start	with	problem	3,	group	2	in
problem	4,	etc....	Each	group	of	students	will	start	a	Page	4This	is	a	plan	to	walk	to	the	letter.	Review	1.)	definitions	of	numbers:	real,	rational,	irrational,	whole,	counting,	etc.,	2.)	solving	equations	and	inequalities	about	a	given	domain,	and	3.)	evaluating	expressions.	This	is	a	good	way	to	review	the	order	of	operations	as	well	as	the	use	of	calculators.	All	the	notes	to	the	teacher	are	in	red,	as	are	the	answers	to	all	problems.	I	hope	you	find	it	useful.	Thank	you.	Jeanne	RossiniPage	5This	is	a	power	point	presentation	lesson	to	reviewproperties	of	real	numbers
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sdrowyeK	.snoitinifeD	srebmuN	laeR	no	stneduts	arbeglA	ro	htam	loohcs	eldim	ruoy	ruoy	sesssa6	egap	over	Decimal	or	float	The	majority	of	this	tutorial	goes	over	the	fractions	module,	which	in	itself	doesn¢Ã​Â​Ât	require	in-depth	Python	knowledge	other	than	an	understanding	of	its	numeric	types.	However,	you¢Ã​Â​Âll	be	in	a	good	place	to	work	through	all	the	code	examples	that	follow	if	you¢Ã​Â​Âre	familiar	with	more	advanced	concepts	such	as	Python¢Ã​Â​Âs	built-in	collections	module,	itertools	module,	and	generators.	You	should	already	be	comfortable	with
these	topics	if	you	want	to	make	the	most	out	of	this	tutorial.	Free	Bonus:	5	Thoughts	On	Python	Mastery,	a	free	course	for	Python	developers	that	shows	you	the	roadmap	and	the	mindset	you¢Ã​Â​Âll	need	to	take	your	Python	skills	to	the	next	level.	Let¢Ã​Â​Âs	take	a	walk	down	memory	lane	to	bring	back	your	school	knowledge	of	numbers	and	avoid	possible	confusion.	There	are	four	concepts	at	play	here:	Types	of	numbers	in	mathematics	Numeral	systems	Notations	of	numbers	Numeric	data	types	in	Python	You¢Ã​Â​Âll	get	a	quick	overview	of	each	of	these	now
to	better	understand	the	purpose	of	the	Fraction	data	type	in	Python.	If	you	don¢Ã​Â​Ât	remember	the	classification	of	numbers,	here¢Ã​Â​Âs	a	quick	refresher:	Types	of	Numbers	There	are	many	more	types	of	numbers	in	mathematics,	but	these	are	the	most	relevant	in	day-to-day	life.	At	the	very	top,	you¢Ã​Â​Âll	find	complex	numbers	that	include	imaginary	and	real	numbers.	Real	numbers	are,	in	turn,	comprised	of	rational	and	irrational	numbers.	Finally,	rational	numbers	contain	integers	and	natural	numbers.	There	have	been	various	systems	of	expressing
numbers	visually	over	the	centuries.	Today,	most	people	use	a	positional	numeral	system	based	on	Hindu-Arabic	symbols.	You	can	choose	any	base	or	radix	for	such	a	system.	However,	while	people	prefer	the	decimal	system	(base-10),	computers	work	best	in	the	binary	system	(base-2).	Within	the	decimal	system	itself,	you	can	represent	some	numbers	using	alternative	notations:	Decimal:	0.75	Fractional:	​Ã¾Â	of	these	is	better	or	more	accurate	than	the	other.	Expressing	a	decimal	notation	number	is	perhaps	more	intuitive	because	it	resembles	a	percentage.
The	comparison	of	decimals	is	also	more	direct	as	they	already	have	a	common	denominator:	the	base	of	the	system.	Finally,	decimal	numbers	can	communicate	precision	by	keeping	the	zeros	that	follow	and	lead.	On	the	other	hand,	the	fractions	are	more	convenient	in	the	realization	of	symbolic	algebra	by	hand,	so	they	are	used	mainly	in	the	school.	But	can	you	remember	the	last	time	you	used	fractions?	If	you	can't,	then	that's	because	decimal	notation	is	central	to	calculators	and	computers	today.	Fractional	notation	is	typically	associated	with	rational
numbers	only.	After	all,	the	very	definition	of	a	rational	number	indicates	that	you	can	express	it	as	a	quotient,	or	a	fraction,	of	two	integers	while	the	denominator	is	not	zero.	However,	that	is	not	the	whole	story	when	taken	into	account	in	infinite	continuous	fractions	that	can	approximate	irrational	numbers:	Illustrative	numbers	always	have	a	decimal	non-repetitive	and	non-repetitive	expansion.	For	example,	the	decimal	expansion	of	pi	(π)	is	never	exhausted	from	digits	that	appear	to	have	a	random	distribution.	If	I	had	to	trace	histogram,	then	each	digit
would	have	a	similar	frequency.	On	the	other	hand,	most	rational	numbers	have	a	final	decimal	expansion.	However,	some	may	have	an	infinite	recurring	decimal	expansion	with	one	or	more	repeat	digits	over	a	period.	Repeated	digits	are	commonly	noted	with	an	ellipsis	(0.33333...)	in	decimal	notation.	Regardless	of	its	decimal	expansion,	rational	numbers	such	as	the	number	that	represents	a	third	are	always	elegant	and	compact	in	the	fractional	notation.	Numbers	with	infinite	decimal	expansions	cause	odunem	odunem	a	se	,sasoc	sal	raroepme	araP	.otinif
se	omsim	​Ãs	ne	euq	,arodatupmoc	al	ed	airomem	al	ne	etnatolf	otnup	ed	sotad	ed	opit	nu	omoc	anecamla	es	odnauc	oednoder	ed	to	exactly	represent	numbers	with	terminating	decimal	expansion	in	binary!	That¢Ã​Â​Âs	known	as	the	floating-point	representation	error,	which	affects	all	programming	languages,	including	Python.	Every	programmer	faces	this	problem	sooner	or	later.	For	example,	you	can¢Ã​Â​Ât	use	float	in	applications	like	banking,	where	numbers	must	be	stored	and	acted	on	without	any	loss	of	precision.	Python¢Ã​Â​Âs	Fraction	is	one	of	the
solutions	to	these	obstacles.	While	it	represents	a	rational	number,	the	name	Rational	already	represents	an	abstract	base	class	in	the	numbers	module.	The	numbers	module	defines	a	hierarchy	of	abstract	numeric	data	types	to	model	the	classification	of	numbers	in	mathematics:	Type	hierarchy	for	numbers	in	Python	Fraction	is	a	direct	and	concrete	subclass	of	Rational,	which	provides	the	complete	implementation	for	rational	numbers	in	Python.	Integral	types	like	int	and	bool	also	derive	from	Rational,	but	those	are	more	specific.	With	this	theoretical
background	out	of	the	way,	it¢Ã​Â​Âs	time	to	create	your	first	fraction!	Unlike	int	or	float,	fractions	aren¢Ã​Â​Ât	a	built-in	data	type	in	Python,	which	means	you	have	to	import	a	corresponding	module	from	the	standard	library	to	use	them.	However,	once	you	get	past	this	extra	step,	you¢Ã​Â​Âll	find	that	fractions	just	represent	another	numeric	type	that	you	can	freely	mix	with	other	numbers	and	mathematical	operators	in	arithmetic	expressions.	Note:	Fractions	are	implemented	in	pure	Python	and	are	much	slower	than	floating-point	numbers	that	can	run
directly	on	your	hardware.	In	most	cases	that	require	a	lot	of	calculations,	performance	is	more	important	than	precision.	If	you	need	both	performance	and	precision,	on	the	other	hand,	then	consider	a	drop-in	replacement	for	fractions	called	quicktions	that	might	boost	your	execution	speed	to	some	extent.	There	are	a	few	ways	to	create	a	fraction	in	Python,	and	they	all	involve	using	the	Fraction	class.	It¢Ã​Â​Âs	the	only	You	need	to	import	from	the	fractional	mode.	The	classes	builder	accepts	zero,	one	or	two	arguments	of	various	types:	âˆšâ	‰	¥	n	titles
entitled	of	fractions	import	fraction	âˆšâ	‰	¥	PRINTED	TEX	(0.75))	3/4	âˆšâ	‰	¥	TALE	TALE	(FRACTION	(3,	4))	3/4	When	you	call	the	classes	builder	without	arguments,	create	a	new	fraction	that	represents	the	zero	number.	A	single	group	taste	tries	to	convert	the	value	of	another	type	of	data	to	a	fraction.	Passing	in	a	second	argument	causes	the	builder	to	wait	for	a	numerator	and	a	denominator,	which	must	be	instances	of	the	rational	class	or	its	descendants.	Keep	in	mind	that	you	must	print	()	a	fraction	to	reveal	its	friendly	textual	representation	with
the	Slash	(/)	Carages	(/)	between	the	numerator	and	the	denominator.	If	you	do	not,	you	will	fall	back	to	a	slightly	more	explicit	chain	representation	composed	of	a	piece	of	python	code.	You	will	learn	to	make	fractions	to	more	chains	ahead	in	this	tutorial.	When	you	call	the	Fraction	Constructor	()	with	two	arguments,	both	must	be	rational	numbers	such	as	integers	or	other	fractions.	If	the	numerator	or	denominator	is	not	a	rational	number,	then	it	will	not	be	able	to	create	a	new	fraction:	fraction	(3,	4.0)	traceback	(the	last	one	called	recently):	...	raise	type
error	("both	arguments	must	Being	"Typeeror:	Both	arguments	must	be	rational	instances	you	have	a	type	type	in	its	place.	Although	4.0	it	is	a	rational	number	in	mathematics,	it	is	not	considered	as	such	by	Python.	This	is	because	the	value	is	stored	as	a	type	of	data	Floating	point,	which	is	too	broad	and	can	be	used	to	represent	any	real	number.	Note:	The	type	of	floating	point	data	cannot	be	stored	irrational	number	in	the	memory	of	a	computer	precisely	due	to	its	non-terminant	and	non-terminating	decimal	expansion	repetitive.	In	the	practice,	however,	it
is	not	great	because	their	approaches	will	generally	be	good	enough.	The	only	truly	reliable	way	to	do	so	would	require	,	3(	n³Ãiccarf	>>>	)9	,1(	n³Ãiccarf	)3	,driht_eno(	n³Ãiccarf	>>>	)3	,1(	n³Ãiccarf	=	driht_eno	>>>>>>	:senoiccarf	sarto	sadiulcni	,lanoicar	oremºÃn	reiuqlauc	res	nedeup	euq	ecelbatse	n³Ãicatnemucod	aL	.rodanimoned	le	y	rodaremun	le	arap	soretne	ranoicroporp	euq	seneit	erpmeis	,ograbme	niS	)1	,0(	n³Ãiccarf	)(	n³Ãiccarf	>>>>>>	:0	eB	lliW	lliW	rodaremun	le	,sotnemugra	sobma	etimo	is	,oirartnoc	le	roP	)1	,3(	n³Ãiccarf	)3(	n³Ãiccarf
>>>>>>	:1	se	rodanimoned	le	euq	renopus	la	atcerrocni	n³Ãiccarf	anu	ne	oremºÃn	ese	¡Ãritrevnoc	nohtyP	,oretne	nu	olos	enoicroporp	euq	erpmeiS	.soretne	sod	ed	etneicoc	nu	omoc	senoiccarf	sal	¡Ãrinifed	,lareneg	ol	roP	.orutuf	le	ne	esranimile	a​Ãrdop	y	odatnemucodni	se	orep	,otneimatropmoc	etse	ratilibahsed	ed	amrof	anu	yah	etnemlautcA	.	rodaremun	us	noc	n³Ãiccarf	anu	ed	ongis	le	¡Ãraicosa	erpmeis	nohtyP	,aicnetsisnoc	rop	,sotnemugra	sol	ed	areiuqlauc	ed	setna	o	rotcurtsnoc	led	setna	sonem	ongis	le	acoloc	iS	)4	,3-(	n³ÃiccarF	)21-	,9(	n³ÃiccarF	>>>
)4	,3-(	n³Ãiccarf	)21	,9-(	n³Ãiccarf	>>>	)4	,3-(	n³Ãiccarf	)21	,9(	n³Ãiccarf-->>>>>>	:savitagen	senoiccarf	enifed	odnauc	sonem	ongis	le	atneuc	ne	eneit	n©Ãibmat	n³Ãicazilamron	aL	.etnemavitcepser	,ecod	y	sert	res	atluser	euq	,)DCG(	nºÃmoc	rosivid	royam	us	rop	nacifilpmis	es	sedutingam	sabmA	)1	,0(	n³Ãiccarf	21	=	)21	,0(	DCG	#	)21	,0(	n³Ãiccarf	>>>	)4	,3(	n³Ãiccarf	3	=	)21	,9(	DCG	#	)21	,9(	n³Ãiccarf	>>>>>>	:nºÃmoc	rosivid	nu	nagnet	euq	erpmeis	detsu	arap	etnemacit¡Ãmotua	n¡Ãrazilamron	es	,odil¡Ãv	rodanimoned	nu	y	odil¡Ãv	rodaremun	nu
acificepse	odnauc	,ograbme	niS	.rorrEnoisiviDoreZ	le	aetnalp	nohtyP	)0	,3(	n³ÃiccarF	:rorrEnoisiviDoreZ	)rodaremun	%	')0	,s	%	(	n³ÃiccarF'(	rorrEnoisiviDoreZ	etnaveL	...	:)omitlºÃ	la	emalL	etneicer	s¡Ãm(	azart	)0	,3(	n³Ãiccarf	>>>>>>	:sacit¡Ãmetam	ne	oditnes	eneit	on	y	odinifed	¡Ãtse	on	euq	,orec	rop	n³Ãisivid	anu	a	a​Ãricudnoc	ose	euqrop	orec	se	rodanimoned	oyuc	n³Ãiccarf	anu	raerc	edeup	on	,odom	omsim	leD	.¬​â	¯Ã	omoc	selanoicnevnoc	solobm​Ãs	ne	acil³Ãbmis	n³ÃicatupmoC	fraction	(9,	1)	 ةيبرعأ 	(One_third,	(One_third,Fraction	(1,	1)	In	each	case,	as	a	result
it	will	obtain	a	fraction,	although	sometimes	they	represent	entire	values	​​such	as	9	and	1.	later,	see	how	to	turn	fractions	into	other	types	of	data.	What	happens	if	it	gives	the	fraction	builder	a	single	argument	that	is	also	a	fraction?	Try	this	code	to	find	out:	>>>>>>	fraction	(un_third)	==	One_third	true	>>>	fraction	(one_third)	is	a	false_third	that	is	obtaining	the	same	value,	but	it	is	a	different	copy	of	the	fraction	input.	That	is	because	calling	the	builder	always	produces	a	new	instance,	which	coincides	with	the	fact	that	fractions	are	immutable,	like	other
numatic	types	in	Python.	Until	now,	it	has	only	used	rational	number	to	create	fractions.	After	everything,	the	version	of	two	arguments	of	the	fraction	builder	requires	that	both	numbers	be	rational	instances.	However,	that	is	not	the	case	with	the	unique	argument	builder,	which	will	happily	accept	any	real	number	and	even	a	non	-numerous	value,	as	a	chain.	Two	main	examples	of	real	number	data	types	in	Python	are	float	and	decimal.	Decimal.	While	only	this	last	one	can	represent	exactly	rational	number,	both	can	approximate	the	irrational	number	well.
Related	to	this,	if	asked,	fraction	is	similar	to	decimal	in	this	regard,	since	it	is	a	descendant	of	real.	Unlike	the	float	or	fraction,	the	decimal	class	is	not	formally	recorded	as	a	number	subclass.	Realization	despite	implementing	their	world:	>>>>>>	of	the	number	imports	real	>>>	issubclass	(floating,	real)	true	>>>	from	fractions	of	importation	fraction	>>>	issubclass	(fraction,	real)	true>	>>	of	decimal	importation	decimal	>>>	issubclass	(decimal,	real)	that	is	intentional	since	they	do	not	play	well	with	their	binary	counterparts:	>>>>>>	from	decimal
importation	decimal	>>>	decimal	("0.75")	-	0.25	(The	last	recent	call):	Archive	"",	line	1,	in	typeerror:	operating	non	-compatible	compatible	for:	decimal.	Decimal	and	float	On	the	other	hand,	replacing	Decimal	with	an	equivalent	Fraction	would	produce	a	floating	result	in	the	previous	example.	Before	Python	3.2,	you	could	only	create	fractions	of	real	numbers	using	.from_float)(	and	.from_decimal)(class	methods.	Although	they	are	not	precated,	they	are	redundant	today	because	the	Fraction	builder	can	take	both	types	of	data	directly	as	an	argument:
√≥Sections	decimal	import	titles	Fraction(0.75)	==	Fraction(Decimal("0.75)	True	Whether	you	make	objects	of	fraction	of	floating	or	decimal	objects,	your	values	are	the	same.	You	have	seen	a	fraction	created	from	a	floating	point	value	before:	print(Fraction(0.75)	3/4	The	result	is	the	same	number	expressed	in	the	fractional	notation.	However,	this	code	works	as	expected	only	by	coincidence.	In	most	cases,	you	will	not	get	the	desired	value	due	to	the	representation	error	that	affects	the	floating	numbers,	either	rational	or	not:	"	intellectual	property	titles	"
print(Fraction(0.1)	3602879701896397/36028797018963968	Whoa!	What	happened	here?	Let's	break	it	in	slow	motion.	The	previous	number,	which	can	be	represented	as	0.75	or	3⁄4,	can	also	be	expressed	as	the	sum	of	1⁄2	and	1⁄4,	which	are	negative	powers	of	2	that	have	exact	binary	representations.	On	the	other	hand,	the	number	1⁄10	can	only	be	approximated	with	a	repetitive	non-repetitive	expansion	of	binary	digits:	Because	the	binary	chain	should	finally	end	because	of	the	finite	memory,	its	tail	is	rounded.	By	default,	Python	only	displays	the	most
significant	digits	defined	in	sys.float_info.dig,	but	can	format	a	floating	point	number	with	an	arbitrary	number	of	digits	if	you	want:	illumination(0.1)	0.1	±075000	format.000
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############################################################################################################################################################	♪	I'm	gonna	go	♪rats	yranu	ehT	)1	,2(noitcarF	)]1-:[)(oitar_regetni_sa.flah*(noitcarF		and	tax	:stnemele	sti	esrever	ot	xatnys	gnicils	eht	esu	neht	dna	elput	a	teg	ot	)(oitar_regetni_sa.	#####
#######################################################################################################################################################	(*)	unpacks	your	reversed	tuple	and	relays	its	elements	to	the	Fraction	constructor.	Another	useful	method	that	comes	with	every	fraction	lets	you	find	the	closest	rational	approximation	to	a	number	given	in	the	decimal	notation.	It¢Ã​Â​Âs	the	.limit_denominator()	method,	which	you¢Ã​Â​Âve	already	touched	on
earlier	in	this	tutorial.	You	can	optionally	request	the	maximum	denominator	for	your	approximation:	>>>>>>	pi	=	Fraction("3.141592653589793")	>>>	pi	Fraction(3141592653589793,	1000000000000000)	>>>	pi.limit_denominator(20_000)	Fraction(62813,	19994)	>>>	pi.limit_denominator(100)	Fraction(311,	99)	>>>	pi.limit_denominator(10)	Fraction(22,	7)	The	initial	approximation	might	not	be	the	most	convenient	to	use,	but	it	is	the	most	faithful.	This	method	can	also	help	you	recover	a	rational	number	stored	as	a	floating-point	data	type.	Remember
that	float	may	not	represent	all	rational	numbers	exactly,	even	when	they	have	terminating	decimal	expansions:	>>>>>>	pi	=	Fraction(3.141592653589793)	>>>	pi	Fraction(884279719003555,	281474976710656)	>>>	pi.limit_denominator()	Fraction(3126535,	995207)	>>>	pi.limit_denominator(10)	Fraction(22,	7)	You¢Ã​Â​Âll	notice	a	different	result	on	the	highlighted	line	as	compared	to	the	previous	code	block,	even	though	the	float	instance	looks	the	same	as	the	string	literal	that	you	passed	to	the	constructor	before!	Later,	you¢Ã​Â​Âll	explore	an	example
of	using	.limit_denominator()	to	find	approximations	of	irrational	numbers.	You¢Ã​Â​Âve	learned	how	to	create	fractions	from	the	following	data	types:	str	int	float	decimal.Decimal	fractions.Fraction	What	about	the	opposite?	How	do	you	convert	a	Fraction	instance	back	to	these	types?	You¢Ã​Â​Âll	find	out	in	this	section.	Converting	between	native	data	types	in	Python	usually	involves	calling	one	of	the	built-in	functions	such	as	int()	or	float()	on	an	object.	These	conversions	work	as	long	as	the	object	implements	the	corresponding	special	methods	such	as	o	.__
float	__	().	The	fractions	are	inherited	only	this	last	of	the	abstract	base	class	rational:	ا	م	م	م	ا	ا	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	ا	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	م	ا	 ام 	ا	 ام 	ا	م	 ام 	 ام 	 ام 	 ام 	 ام 	م	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 ام 	 اامامام 	 لاامااماااماماماماماماماماماوماماماعأ 	'It's	not	supposed	to	call	special	methods	on	objects	directly,	but	it's	useful	for	demonstration	purposes.	Here,	you	will	notice	that	the	fractions	implement	only	.__	float	__	()	and	not	.__	int	__	().	When	you	research	the	source	code,	you	will	notice	that	the	method	.__	float	__	()	conveniently	divides	the	numberer	of	a	fraction	by	its	denominator	to	obtain	a	number	of	floating	point:	/2005	HCFCs.	Total	number	2	=	2	=	2	=	2	=	2
=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	1	=	2	=	1	=	1	=	1	=	1	=	1	=	1	=	2	=	If	you	try	to	create	a	decimal	number	from	a	fractional	instance,	then	you	will	quickly	discover	that	such	direct	conversion	is	not	possible:from	the	importation	decimal	decimal		of	decimal	(fraction	(3,	4))	traces	(the	most	recent	so-called	last):	"≤3"	file,	line	1,	in	≥module	multicultural	typeError:	conversion	from	fraction	toIt	does	not	support	when	you	try,	you	get	a	error	guy.	Since	a	fraction	represents
a	division,	however,	it	can	prevent	limitation	from	wrapping	one	of	the	number	with	decimal	and	divided	manually:	fraction	=	fraction	=	fraction	(3,	4)>	fraction.numerator	/	decimal	(fraction.denominator)	decimal	('0.75')	Unlike	float	but	similar	to	fraction,	the	decimal	data	type	is	free	from	floating	point	representation	error.	Thus,	when	you	convert	a	rational	number	that	cannot	be	represented	exactly	in	a	binary	floating	point,	it	will	keep	the	precise	of	the	number:	âˆšâ	‰	¥	titles	entitled	titles	and	frames	fraction	=	fraction	(1,	10)>	decimal	=	fraction
.Numerora	/	decimal	(fraction.denominator)	âˆšâ	‰	¥	fracció	==	decimal	True>	fraction	==	0.1	false	âˆšâ	‰	¥	decimal	==	0.1	false	at	the	same	time,	the	rational	number	with	the	repetition	of	the	expansion	of	expansion	Decimal	will	give	rise	to	the	precision	of	precise	when	the	facional	notation	to	the	decimal	is	converted:	âˆšâ	‰	¥	Fracción	=	fraction	(1,	3)>	decimal	=	fraction.numerator	/	decimal	(fraction.denominator)	âˆšâ	‰	¥	FRACCIÍN	==	DECIMAL	FALSE	âˆšâ	‰	¥	decimal	decimal	('0.33333333333333333333333333333333333')	That	is	because
there	is	an	infinite	number	of	three	in	the	decimal	expansion	of	one	third,	or	fraction	that	the	decimal	type	has	a	fixed	precise.	By	default,	store	only	twenty	-eight	decimal	places.	You	can	adjust	it	if	you	want,	but	it	will	be	finite	however.	The	representation	of	the	fractions	reveals	their	values	​​using	the	family	fractional	notation,	while	its	canineic	representation	produces	a	piece	of	python	python	composed	of	a	call	to	the	fraction	builder:	âˆšâ	IGO	)	âˆŠ	°	°	Property	Str	(one_third)	'1/3'	ð½ðµmba	»Ð½ð¸ñ…	Ð	°	ð½ð¸ñ…	ð	°	ð½ð¸ðtent	°	ð½ð¸Ðquvention
(uno_tercer)	'fraction	(1,	3)'	whether	use	str	()	or	repr	(),	the	result	is	a	chain,	but	its	contents	are	different.	Not	like	others	Numa	rich,	fractions	do	not	support	the	chain	format	in	python:	âˆšâ	¥	".2f")	'0.33'	(Fraction(1,	3),	".2f")	Traceback	(the	latest	call):	File	"Followed	with	confidence",	line	1,	in	"	Error	Type:	the	non-compatible	format	string	passes	to	Fraction.__format___	If	you	try,	then	you	get	an	Error	Type.	That	could	be	a	problem	if	you	want	to	refer	to	a	Fraction	instance	in	a	chain	template	to	fill	the	position	markers,	for	example.	On	the	other	hand,
you	can	quickly	fix	this	by	converting	fractions	to	floating	point	numbers,	especially	because	you	don't	need	to	worry	about	the	accuracy	in	such	scenario.	If	you	are	working	on	a	Jupyter	Notebook,	then	you	might	want	to	render	LaTeX	formulas	based	on	your	fractions	instead	of	your	regular	textual	representation.	To	do	this,	you	must	remove	the	type	of	Fraction	data	by	adding	a	new	method,	._repr_pretty_(),	which	Jupyter	Notebook	recognizes:	from	fractions	import	Fraction	IPython.display	import	visualization,	Math	Fraction._repr_pretty_	=	lambda	self,
*args:	\	display(Math(rf)${node{self}{self.	It	wraps	a	piece	of	LaTeX	brand	into	a	Math	object	and	sends	it	to	the	rich	screen	of	your	notebook,	which	can	make	the	marker	using	the	MathJax	library:	Next	time	you	evaluate	a	notebook	cell	containing	a	fraction	instance,	you	will	draw	a	beautiful	math	formula	instead	of	printing	text.	As	mentioned	above,	you	can	use	fractions	in	arithmetic	expressions	consisting	of	other	numerical	types.	Fractures	will	interoperate	with	most	of	the	numerical	types	except	for	decimals.	Decimal,	which	has	its	own	set	of	rules.	In
addition,	the	type	of	data	of	the	other	operating,	regardless	of	whether	it	is	on	the	left	or	right	of	its	fraction,	will	determine	the	type	of	result	of	its	arithmetic	operation.	You	can	add	two	or	more	fractions	without	thinking	about	reducing	them	to	yourCommit:	âˆšâ	‰	¥	Consequently	trust	fractions	import	fraction	(1,	2)	+	fraction	(2,	3)	+	fraction	(3,	4)	fraction	(23,	12)	The	result	is	new	new	That	is	the	sum	of	all	input	fractions.	The	same	will	happen	when	they	add	whole	and	fractions:	>>>>>>	fraction	(1,	2)	+	3	fraction	(7,	2)	however,	as	soon	as	it	begins	to
mix	fractions	with	non	-rational	number,	that	is,	numbers	that	They	are	not	subclasses	of	numbers.	3,	10))	+	0.1	0.4	You	get	the	same	result	if	you	use	or	not	explain	Float	().	This	conversion	can	result	in	a	precise	person	since	its	fraction	and	the	result	is	now	stored	in	floating	point	representation.	Although	the	number	0.4	seems	correct,	it	is	not	exactly	equal	to	fraction	4/10.	To	subtract	fractions	is	not	different	from	adding	them.	Python	will	find	the	common	denominator	for	you:	>>>>>>	fraction	(3,	4)	-	fraction	(2,	3)	-	fraction	(1,	2)	fraction	(-5,	12)	>>>
fraction	(4,	10	)	-	0.1	0.3000000000000000004	This	time,	the	precise	of	precise	is	so	significant	that	it	is	visible	in	a	look.	Observe	the	long	current	of	zeros	followed	by	a	day	4	at	the	end	of	the	decimal	expansion.	It	is	the	result	of	rounding	a	value	that	otherwise	required	an	infinite	number	of	binary	days.	When	multiplying	two	fractions,	their	numerators	and	denominators	multiply	in	terms	of	elements,	and	the	resulting	fraction	is	automatically	reduced	if	necessary:	​​>>>>>	fraction	(1,	4)	*	fraction	(3,	2)	fraction	(	3,	8)	>>>	fraction	(1,	4)	*	fraction	(4,	5)	#
The	result	is	4/20	fraction	(1,	5)	>>>	fraction	(1,	4)	*	3	fraction	(3,	4)	>>>	Fracción	(1,	4)	*	3.0	0.75	again,	depending	on	the	type	of	another	operating,	will	end	with	a	different	type	of	data	in	the	result.	There	are	two	division	operators	in	Python,	and	the	fractions	support	both:	true	division:	/	Floor	division:	//	The	true	division	results	in	another	fraction,	while	a	floor	division	always	returns	a	complete	number	with	the	truncated	fractional	part	:	0.4	)1	,2(n³ÃiccarF	**	0.2	]solut​Ãt	¥​â​​â	4	)1	,2(n³ÃiccarF	**	2	solut​Ãt	¥​â​​â	:soretne	soremºÃn	naes	etnenopxe	le	y	esab
al	euq	sonem	a	ratolf	a	netreivnoc	es	sodnarepo	sobma	,selanoicarri	soremºÃn	ricudorp	neleus	sodanoiccarf	seredop	sol	euq	otseuP	.n³Ãiccarf	ed	aicnatsni	anu	se	etnenopxe	le	odnauc	s¡Ãm	nacilpmoc	es	sasoc	saL	.redecorp	ed	setna	ratolf	a	etnemacit¡Ãmotua	etreivnoc	es	n³Ãiccarf	us	,lanoicaR	oremºÃn	nu	se	on	etnenopxe	le	odnauC	.sovitagen	omoc	sovitisop	setnenopxe	serolav	sol	otnat	razilitu	edeup	detsu	euq	¡Ãraton	detsU	5265,0	0.2	**	)4	,3(n³ÃiccarF	odasefnoC	)9	,61(n³ÃiccarF	)2-(	**	)4	,3(n³ÃiccarF	)61	,9(n³ÃiccarF	2	**	)4	,3(n³ÃiccarF	:redop	nu	a
senoiccarf	rairc	om³Ãc	rarolpxe	a	ecneimoc	y	aroha	nohtyP	ed	eterpr©Ãtni	us	a	esergeR	.setnenopxe	omoc	senoiccarf	razilitu	edeup	n©ÃibmaT	.)(wop	ed	n³Ãicnuf	al	o	)**(	airanib	n³Ãicaitnenopxe	ed	rodarepo	le	noc	aicnetop	anu	a	senoiccarf	ravele	edeuP	.aicnerefid	al	rev	arap	n³Ãicnuf	al	ed	onroter	ed	rolav	le	racifidom	ed	etart	y	etnaleda	agiS	.lanoiccarf	otser	le	y	etrap	al	adot	ed	otseupmoc	elput	nu	revloved	arap	n³Ãicnuf	al	razilautca	a​Ãrdop	,roiretna	adilas	al	ne	omoc	anedac	anu	rareneg	ed	ragul	nE	'7/1	y	3'	)))7	,22(noitcarF(otxim	olut​Ãt	ne	a​ÃfnoC	...
"})rotanimoned.noitcarf	,tser(noitcarF{	y	}roolf{"f	onroter	...	)rotanimoned.noitcarf	,rotaremun.noitcarf(domvid	=	osnacsed	,osip	...	:)n³Ãiccarf(otxim	fed	lautceletni	dadeiporp	ed	solut​Ãt		​â​​â	:sadaucedani	sal	ed	satxim	senoiccarf	raerc	a	raduya	a​Ãrdop	euq	,)(domvid	n³Ãicnuf	al	omoc	​Ãsa	)%(	oludom	led	rodarepo	la	nayopa	n©Ãibmat	sarutcarf	saL	.n³Ãiccarf	al	noc	otnuj	ecilitu	euq	sotad	ed	opit	led	odneidneped	rodatolf	nu	ranimret	edeup	odatluser	lE	!oretne	nu	erpmeis	se	on	osip	led	n³Ãisivid	al	ed	odatluser	le	euq	atoN	0.1	0.2	//	)2	,7(n³ÃiccarF	olut​Ãt	,	57,1	0.2
/	)2	,7(n³ÃiccarF	odasefnoC	1	2	//	)2	,7(n³ÃiccarF	>	)4	,7(n³ÃiccarF	2	/	)2	,7(n³ÃiccarF	olut​Ãt	±Â	5	)3	,2(n³ÃiccarF	//	)2	,7(n³ÃiccarF	a​ÃfnoC	)4	,12(n³ÃiccarF	)3	,2(n³ÃiccarF	/	)2	,7(n³ÃiccarF	Title	Fraction(3,	4)	**	Fraction(1,	2)	0,8660254037844386	Fraction(3,	4)	**	Fraction(2,	1)	Fraction(9,	16)	The	only	time	you	get	as	a	result	is	when	the	denominator	of	the	exponent	is	equal	to	one	and	you¢Ã​Â​Âre	raising	a	Fraction	instance.	There	are	many	strategies	for	rounding	numbers	in	Python	and	even	more	in	mathematics.	You	can	use	the	same	set	of	built-in	global
and	module-level	functions	for	fractions	and	decimal	numbers.	They	will	let	you	assign	an	integer	to	a	fraction	or	make	a	new	fraction	corresponding	to	fewer	decimal	places.	You	already	learned	about	a	crude	rounding	method	when	you	converted	fractions	to	an	int,	which	truncated	the	fractional	part	leaving	only	the	whole	part,	if	any:	>>>>>>	from	fractions	import	Fraction	>>>	int(Fraction(22,	7))	3	>>>	import	math	>>>	math.trunc(Fraction(22,	7))	3	>>>	math.trunc(-Fraction(22,	7))	-3	In	this	case,	calling	int()	is	equivalent	to	calling	math.trunc(),
which	rounds	positive	fractions	down	and	negative	fractions	up.	These	two	operations	are	known	as	floor	and	ceiling,	respectively.	You	can	use	both	directly	if	you	want	to:	>>>>>>	math.floor(-Fraction(22,	7))	-4	>>>	math.floor(Fraction(22,	7))	3	>>>	math.ceil(-Fraction(22,	7))	-3	>>>	math.ceil(Fraction(22,	7))	4	Compare	the	results	of	math.floor()	and	math.ceil()	with	your	earlier	calls	to	math.trunc().	Each	function	has	a	different	rounding	bias,	which	may	affect	the	statistical	properties	of	your	rounded	data	set.	Fortunately,	there¢Ã​Â​Âs	a	strategy	known
as	rounding	half	to	even,	which	is	less	biased	than	truncation,	floor,	or	ceiling.	Essentially,	it	rounds	your	fraction	to	the	nearest	whole	number	while	preferring	the	closest	even	number	for	the	equidistant	halves.	You	can	call	round()	to	take	advantage	of	this	strategy:	>>>>>>	round(Fraction(3,	2))	#	1.5	2	>>>	round(Fraction(5,	2))	#	2.5	2	>>>	round(Fraction(7,	2))	#	3.5	4	Notice	how	those	fractions	get	rounded	up	or	down	depending	on	where	the	closest	even	number	is?	Naturally,	this	rule	only	applies	to	ties	when	the	distance	to	the	nearest	whole
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√≥Continuing	the	confidence	of	the	fractions	import	Fraction(8,	13)	-	it	was	made	Fraction(5,	8)	actually	trusted	ordered([Fraction(2,	3),	Fraction(5,	8),	Fraction(8,	13)]	[Fraction(8,	13),	Fraction5,	8	You	can	even	use	them	against	other	numerical	types,	except	for	complex	numbers:	у≥Consequent	to	trust	title	Fraction(2,	3)	of	the	import	decimal	decimal	Fraction(2,	3)	■	Decimal("0,625")	false	confidence	Fraction(2,	3)	‡	3	+	2j	traceback	(the	last	call	most	recent):	file	followed],	line	1,	in	неmodule	instances	This	has	to	do	with	the	fact	that	complex	numbers	do
not	define	a	natural	order	relationship,	so	they	cannot	be	compared	with	anything,	including	fractions.	if	you	need	to	choose	one	thing	to	remember	reading	this	tutorial,	then	it	should	be	when	choosing	fraction	on	decimal	and	floating.	all	these	numerical	types	have	so	cases	of	use,	so	it	is	good	to	understand	so	strengths	and	weaknesses.	in	this	section,	you	will	have	a	brief	look	at	how	the	numbers	are	represented	in	each	of	these	three	types	of	data.	floating	data	type	should	be	your	default	option	to	represent	real	numbers	in	most	situations.	For	example,	it
is	suitable	in	science,	engineering	and	computer	graphics,	where	the	execution	speed	is	more	important	than	accuracy.	just	any	programgreater	precise	than	can	be	achieved	with	a	floating	point	anyway.	Note:	If	you	only	need	to	use	integers,	then	it	will	be	a	type	of	data	more	rose	and	efficient	in	memory	to	use.	The	unparalleled	speed	of	the	arithmic	stems	floating	floating	its	implementation	in	hardware	rather	than	software.	Virtually	all	math	coprocessors	conform	to	the	IEEE	754	standard,	which	describes	how	to	represent	numbers	in	binary	floating-point.
The	downside	of	using	the	binary	system	is,	as	you	guessed,	the	infamous	representation	error.	However,	unless	you	have	a	specific	reason	to	use	a	different	numeric	type,	you	should	just	stick	to	float	or	int	if	possible.	There	are	times	when	using	the	binary	system	doesn¢Ã​Â​Ât	provide	enough	precision	for	real	numbers.	One	notable	example	is	financial	calculations,	which	involve	dealing	with	very	large	and	very	small	numbers	at	the	same	time.	They	also	tend	to	repeat	the	same	arithmetic	operation	over	and	over	again,	which	could	accumulate	a	significant
rounding	error.	You	can	store	real	numbers	using	decimal	floating-point	arithmetic	to	mitigate	these	problems	and	eliminate	the	binary	representation	error.	It¢Ã​Â​Âs	similar	to	float	as	it	moves	the	decimal	point	around	to	accommodate	larger	or	smaller	magnitudes.	However,	it	operates	in	the	decimal	system	instead	of	in	the	binary.	Another	strategy	to	increase	numerical	precision	is	fixed-point	arithmetic,	which	allocates	a	specific	number	of	digits	for	the	decimal	expansion.	For	example,	a	precision	of	up	to	four	decimal	places	would	require	storing	fractions
as	integers	scaled	up	by	a	factor	of	10,000.	To	recover	the	original	fractions,	they	would	be	scaled	down	accordingly.	Python¢Ã​Â​Âs	decimal.Decimal	data	type	is	a	hybrid	of	decimal	floating-point	and	fixed-point	representations	under	the	hood.	It	also	follows	these	two	standards:	General	Decimal	Arithmetic	Specification	(IBM)	Radix-Independent	Floating-Point	Arithmetic	(IEEE	854-1987)	They¢Ã​Â​Âre	emulated	in	software	rather	than	hardware,	making	this	data	type	much	less	efficient	in	terms	of	time	and	space	than	float.	On	the	other	hand,	it	can	represent
numbers	with	arbitrary	yet	finite	precision,	which	you¢Ã​Â​Âre	free	to	adjust.	Note	You	can	still	face	rounding	errors	if	an	arithmical	operation	exceeds	the	maximum	number	of	decimal	places.	However,	the	safety	shock	absorber	provided	by	the	precise	fixed	today	in	the	day	could	be	insufficient.	Consider	hyperinflation	or	deal	with	multiple	coins	that	have	very	different	rates,	such	as	Bitcoin	(0.000029	BTC)	and	Rial	Iranã	(42,105.00	irr).	If	you	want	an	infinite	precise,	use	fraction.	Both	the	types	of	fraction	and	decimal	share	some	similarities.	They	refer	to	the
binary	representation	error,	are	implemented	in	software,	and	can	be	used	for	monetary	applications.	However,	the	primary	use	of	fractions	is	to	represent	rational	number,	so	they	could	be	less	convenient	to	store	money	than	decimals.	Note:	While	the	type	of	fraction	data	is	implemented	in	pure	Python,	the	majority	of	Python	distributions	sent	a	compiled	library	of	dynamic	link	for	the	decimal	type.	If	you	are	not	available	for	your	platform,	then	Python	will	fall	back	to	a	pure	implementation	of	Python	also.	However,	even	the	compiled	version	will	not	take
advantage	of	hardware	as	much	as	it	does	float.	There	are	two	advantages	to	use	fraction	over	decimal.	The	first	is	an	infinite	precise	linked	only	for	your	memory	available.	This	allows	you	to	represent	rational	numbers	with	non-terminant	and	recurring	decimal	expansion	without	information	about	information:	âˆšâ	‰	¥	n	intellectual	property	titles	with	sections	of	fractions	import	fractional	one_third	=	fraction	(1,	3)	âˆ	Šâ	‰	¥	tyulus	(3	*	one_third)	1	âˆšâ	¥	by	3	exactly	1	in	the	fractional	notation,	but	the	result	is	rounded	in	the	decimal	notation.	It	has
twenty	-eight	decimal	places,	which	is	precise	of	the	decimal	type.	Take	a	second	look	at	another	benefit	of	fractions,	one	of	which	you	already	started	learning	about	before.	Unlike	decimal,	fractions	can	interoperate	interopera	binary	binary	floating-point	numbers:	>>>>>>	Fraction("0.75")	-	0.25	0.5	>>>	Decimal("0.75")	-	0.25	Traceback	(most	recent	call	last):	File	"",	line	1,	in	TypeError:	unsupported	operand	type(s)	for	-:	'decimal.Decimal'	and	'float'	When	you	mix	fractions	with	floats,	you	get	a	floating-point	number	as	a	result.	On	the	other	hand,	if	you
try	to	mix	fractions	with	a	Decimal	data	type,	then	you¢Ã​Â​Âll	run	into	a	TypeError.	In	this	section,	you¢Ã​Â​Âll	go	through	a	few	fun	and	practical	examples	of	using	the	Fraction	data	type	in	Python.	You	might	be	surprised	how	handy	fractions	can	be	and	simultaneously	how	undervalued	they	are.	Get	ready	to	dive	right	in!	Irrational	numbers	play	an	important	role	in	mathematics,	which	is	why	they	occur	tangentially	to	many	subfields	such	as	arithmetic,	calculus,	and	geometry.	Some	of	the	most	famous	ones	that	you	might	have	heard	of	before	are:	The	square
root	of	two	(¢Ã​Â​Â2)	Archimedes¢Ã​Â​Â	constant	(​Ã​Â)	The	golden	ratio	(​Ã​Â)	Euler¢Ã​Â​Âs	number	(e)	In	the	history	of	mathematics,	pi	(​Ã​Â)	has	been	particularly	interesting,	which	resulted	in	many	attempts	at	finding	accurate	approximations	for	it.	While	ancient	philosophers	had	to	go	to	great	lengths,	today	you	can	use	Python	to	find	pretty	good	estimates	of	pi	using	Monte	Carlo	methods,	such	as	the	Buffon¢Ã​Â​Âs	needle	or	similar.	However,	having	only	a	rough	approximation	in	the	form	of	a	convenient	fraction	should	suffice	in	most	day-to-day	problems.
Here¢Ã​Â​Âs	how	you	can	determine	a	quotient	of	two	integers	that	give	gradually	better	approximations	of	an	irrational	number:	from	fractions	import	Fraction	from	itertools	import	count	def	approximate(number):	history	=	set()	for	max_denominator	in	count(1):	fraction	=	Fraction(number).limit_denominator(max_denominator)	if	fraction	not	in	history:	history.add(fraction)	yield	fraction	The	function	accepts	an	irrational	number,	converts	it	to	a	fraction,	and	finds	a	different	fraction	with	fewer	Days.	The	Python	assembly	avoids	producing	duplicate	values	​​by
maintaining	historical	data,	and	the	Itetools	módulo	counting	iterator	has	infinity.	You	can	now	use	this	function	to	find	the	first	ten	fractional	approaches	of	Pi:	>>>>>	of	Itetools	IMPORT	ISICE	>>	Mathematics	of	importation	>>>	For	the	fraction	in	Isice	(approximate	(math.pi),	10	):.	..	print	(f	"{str	(fraction):>	7}",	"ã	¢	â	€",	floating	(fraction))	...	3	ã	¢	â	€	â	€	™	3.0	13/4	ã	¢	â	€	™	3.25	16/5?	Â	’3.140625	223/71	ã	¢	â	†	â’	3.140845070422535	245/78	ã	¢	â	†	â	’3.141025641025641	267/85	ã	¢	â	†	â’	3.1411764705882352	NICE!	The	rational	number	22/7	is
already	quite	close,	which	shows	that	Pi	can	approach	early	and	is	not	particularly	irrational	after	everything.	The	isix	()	iterator	stops	the	infinite	iteration	after	receiving	the	ten	requested	values.	Continue	and	play	with	this	example	by	increasing	the	number	of	results	or	finding	approximations	of	other	irrational	numbers.	The	appearance	of	an	image	or	a	screen	is	a	quotient	of	its	width	at	the	height	that	conveniently	expresses	proportions.	It	is	commonly	used	in	cinema	and	digital	media,	while	movie	directors	like	to	take	advantage	of	appearance
relationship	as	an	artistic	measure.	If	you	have	ever	been	looking	for	a	new	intelligent	phono,	then	the	specifications	could	have	mentioned	a	screen	relationship	like	16:	9,	for	example.	You	can	find	the	appearance	relationship	of	your	computer	monitor	by	measuring	its	width	and	height	with	tkinter,	which	comes	with	the	official	python	distribution:	>>>>>	Import	tkinter	as	TK	>>>	window	=	tk.tk	()	>>	>>>	>	Window.winfo_screenwidth	()	2560	>>>	Window.winfo_screenheight	()	1440	keep	in	mind	that	if	you	have	multiple	connected	monitors,	then	this
code	could	not	function	as	it	was	.av	.av	detsu	​Ãlla	)9	,61(	n³Ãiccarf	)0441	,0652(	n³Ãiccarf	>>>	n³Ãiccarf	n³Ãicatropmi	ed	senoiccarf	sal	ed	>>>>>>	:amsim	​Ãs	a	aczuder	es	euq	n³Ãiccarf	anu	raerc	ed	n³Ãitseuc	anu	se	otcepsa	ed	n³Ãicaler	al	raluclaC	monitor	has	a	16:9	resolution.	However,	if	you¢Ã​Â​Âre	on	a	laptop	that	has	a	smaller	screen	size,	then	your	fraction	might	not	work	out	at	first,	and	you¢Ã​Â​Âll	need	to	limit	its	denominator	accordingly:	>>>>>>	Fraction(1360,	768)	Fraction(85,	48)	>>>	Fraction(1360,	768).limit_denominator(10)	Fraction(16,	9)
Keep	in	mind	that	if	you¢Ã​Â​Âre	dealing	with	a	mobile	device¢Ã​Â​Âs	vertical	screen,	you	should	swap	the	dimensions	so	that	the	first	one	is	greater	than	the	following	one.	You	can	encapsulate	this	logic	in	a	reusable	function:	from	fractions	import	Fraction	def	aspect_ratio(width,	height,	max_denominator=10):	if	height	>	width:	width,	height	=	height,	width	ratio	=	Fraction(width,	height).limit_denominator(max_denominator)	return	f"{ratio.numerator}:{ratio.denominator}"	This	will	ensure	consistent	aspect	ratios	regardless	of	the	order	of	arguments:
>>>>>>	aspect_ratio(1080,	2400)	'20:9'	>>>	aspect_ratio(2400,	1080)	'20:9'	Whether	you¢Ã​Â​Âre	looking	at	the	measurements	of	a	horizontal	or	a	vertical	screen,	the	aspect	ratios	are	the	same.	So	far,	width	and	height	have	been	integers,	but	what	about	fractional	values?	For	example,	some	Canon	cameras	have	an	APS-C	crop	sensor,	whose	dimensions	are	22.8	mm	by	14.8	mm.	Fractions	choke	on	floating-point	and	decimal	numbers,	but	you	can	turn	them	into	rational	approximations:	>>>>>>	aspect_ratio(22.2,	14.8)	Traceback	(most	recent	call	last):	...
raise	TypeError("both	arguments	should	be	"	TypeError:	both	arguments	should	be	Rational	instances	>>>	aspect_ratio(Fraction("22.2"),	Fraction("14.8"))	'3:2'	In	this	case,	the	aspect	ratio	turns	out	to	be	exactly	1.5	or	3:2,	but	many	cameras	use	a	slightly	longer	width	for	their	sensors,	which	gives	a	ratio	of	1.555¢Ã​Â¦Â	or	14:9.	When	you	do	the	math,	you¢Ã​Â​Âll	find	out	that	it¢Ã​Â​Âs	the	arithmetic	mean	of	the	wide-format	(16:9)	and	the	four-thirds	system	(4:3),	which	is	a	compromise	to	let	you	display	pictures	acceptably	well	in	both	of	these	ne	agneT	)001	/
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exposure_time=Fraction(1,	750),	...	iso_speed=400	...	)	12.521600439723727	>>>	exposure_value(f_stop=5.6,	exposure_time=1/750,	iso_speed=400)	12.521600439723727	You	can	use	fractions	or	other	numeric	types	for	the	input	values.	In	this	case,	the	exposure	value	is	around	+13,	which	is	relatively	bright.	The	picture	was	taken	outside	on	a	sunny	day,	albeit	in	the	shade.	You	can	use	fractions	to	tackle	computer	science¢Ã​Â​Âs	classic	change-making	problem,	which	you	might	encounter	on	a	job	interview.	It	asks	for	the	minimum	number	of	coins	to	get	a
certain	amount	of	money.	For	example,	if	you	consider	the	most	popular	coins	of	the	US	dollar,	then	you	could	represent	$2.67	as	ten	quarters	(10	​Ã​Â	$0.25),	one	dime	(1	​Ã​Â	$0.10),	one	nickel	(1	​Ã​Â	$0.05),	and	two	pennies	(2	​Ã​Â	$0.01).	Fractions	can	be	a	convenient	tool	to	represent	coins	in	a	wallet	or	a	cash	register.	You	could	define	the	coins	of	the	US	dollar	in	the	following	way:	from	fractions	import	Fraction	penny	=	Fraction(1,	100)	nickel	=	Fraction(5,	100)	dime	=	Fraction(10,	100)	quarter	=	Fraction(25,	100)	Some	of	them	will	automatically	reduce
themselves,	but	that¢Ã​Â​Âs	okay	because	you¢Ã​Â​Âll	format	them	using	decimal	notation.	You	can	use	these	coins	to	calculate	the	total	value	of	your	wallet:	>>>>>>	wallet	=	[8	*	quarter,	5	*	dime,	3	*	nickel,	2	*	penny]	>>>	print(f"${float(sum(wallet)):.2f}")	$2.67	Your	wallet	amounts	to	$2.67,	but	it	has	as	many	as	eighteen	coins.	It¢Ã​Â​Âs	possible	to	use	fewer	coins	for	the	same	amount.	One	way	of	approaching	the	change-making	problem	is	by	using	a	greedy	algorithm,	such	as	this	one:	def	change(amount,	coins):	while	amount	>	0:	for	coin	in	sorted(coins,
reverse=True):	if	coin
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