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Clean	Architecture	is	a	powerful	software	design	pattern	that	promotes	a	clear	separation	of	concerns,	making	your	applications	core	business	logic	independent	of	external	dependencies	like	databases,	user	interfaces,	or	frameworks.	By	following	this	architecture,	systems	become	maintainable,	testable,	and	adaptable,	preparing	them	for	both
current	demands	and	future	growth.In	this	article,	well	explore	the	foundational	concepts	of	Clean	Architecture	and	how	theyre	implemented	in	our	sample	Contact	Management	Application,	which	is	built	as	a	.NET	Core	Web	API.	This	application	provides	a	practical	and	simplified	example	of	Clean	Architecture	principles	and	is	part	of	a	series
covering	various	aspects	of	this	design.	![Clean	Architecture](assets/img/posts/Clean-Architecture-2-2-1024x1024.avif)	Clean	Architecture1.	Why	Use	Clean	Architecture?Clean	Architecture	is	designed	to	address	common	challenges	in	software	development:Maintainability:	By	separating	concerns,	each	layer	of	the	application	can	be	modified
independently	without	impacting	others.Testability:	Decoupling	the	business	logic	from	external	dependencies	simplifies	unit	testing.Scalability:	Clear	boundaries	allow	for	easy	expansion	or	modification	of	system	components	(e.g.,	swapping	databases	or	adding	features).Flexibility:	The	core	logic	is	independent	of	frameworks	or	infrastructure,
ensuring	the	system	remains	adaptable.These	benefits	make	Clean	Architecture	an	excellent	choice	for	complex	applications	that	require	robustness	and	future	scalability.2.	What	is	Clean	Architecture?At	its	core,	Clean	Architecture	divides	an	application	into	concentric	layers,	with	each	layer	having	distinct	responsibilities.	These	layers	follow	the
Dependency	Inversion	Principle	(DIP),	meaning	each	layer	only	depends	on	the	one	directly	inside	it,	with	the	business	logic	at	the	center.	The	typical	layers	are:Domain	Layer	(Core	Business	Logic):	Contains	essential	business	rules	and	core	entities.Application	Layer	(Use	Cases):	Orchestrates	workflows	and	application	logic,	handling	the	interaction
between	the	domain	and	external	systems.Infrastructure	Layer	(External	Systems):	Manages	integrations	with	databases,	file	storage,	or	messaging	systems.Presentation	Layer	(UI/Endpoints):	Interfaces	directly	with	the	user	or	API	consumers.This	structure	keeps	your	core	business	rules	isolated,	which	makes	it	easy	to	update	any	external	systems
without	disrupting	internal	workflows.The	Dependency	Inversion	Principle	(DIP)	in	Clean	ArchitectureThe	Dependency	Inversion	Principle	is	key	to	maintaining	this	layered	structure.	It	states	that:High-level	modules	(e.g.,	Application	Layer)	should	not	depend	on	low-level	modules	(e.g.,	Infrastructure	Layer).	Instead,	both	should	depend	on
abstractions.Abstractions	should	not	depend	on	details.	Rather,	the	details	(e.g.,	Infrastructure	implementations)	depend	on	abstractions	(e.g.,	interfaces).In	Clean	Architecture:Each	layer	depends	only	on	the	one	directly	inside	it,	allowing	each	layer	to	fulfill	its	responsibilities	without	depending	on	the	details	of	others.High-level	components
(Application	Layer)	use	interfaces	or	abstractions	defined	by	inner	layers	(Domain	Layer),	while	the	Infrastructure	Layer	provides	concrete	implementations	of	these	abstractions.This	keeps	dependencies	flowing	toward	the	center,	with	the	Domain	Layer	remaining	unaffected	by	external	changes,	and	ensures	the	stability	and	resilience	of	core
business	logic	even	as	external	systems	evolve.By	organizing	responsibilities	in	this	way,	Clean	Architecture	provides	a	structure	where	core	business	rules	and	workflows	are	protected,	isolated,	and	ready	to	adapt	to	changes	without	causing	ripples	throughout	the	system.	This	layered	approach,	along	with	DIP,	keeps	software	systems	scalable,
testable,	and	maintainable	for	the	long	term.However,	traditional	architectures	often	lead	to	tight	coupling	between	layers,	making	them	harder	to	scale	or	test	independently.	Clean	Architectures	layered	approach	solves	this	by	isolating	responsibilities.Part	of	the	SeriesThis	article	is	part	of	a	series	covering	the	Contact	Management	Application,	a
sample	project	demonstrating	Clean	Architecture	principles.	Other	articles	include:###	3.	Project	Structure	(Clean	Architecture	in	the	Contact	Management	Application)The	Contact	Management	Application	follows	Clean	Architecture	principles,	creating	a	scalable,	maintainable,	and	testable	system	by	dividing	it	into	four	main	layers:Overview	of
the	Project	StructureThe	project	structure	is	organized	into	multiple	layers,	each	handling	a	specific	responsibility:src	Contact.Api	//	API	Layer	(RESTful	APIs)	Contact.Application	//	Application	Layer	(business	use	cases,	services)	Contact.Domain	//	Domain	Layer	(business	logic,	entities)	Contact.Infrastructure//	Infrastructure	Layer	(persistence,
external	systems)	Contact.Common	//	Shared	utilities3.1	Domain	Layer	(Core	Business	Logic)Purpose:	The	Domain	Layer	forms	the	core	of	the	application,	containing	essential	business	logic,	rules,	and	entities.	It	represents	the	fundamental	behaviors	and	processes	that	define	the	applications	primary	purpose.Contents:	This	layer	includes	business
entities,	value	objects,	and	domain	services	that	enforce	critical	rules,	validations,	and	calculations.Independence:	The	Domain	Layer	is	isolated	from	all	other	layers	and	external	dependencies,	remaining	stable	even	when	external	systems,	such	as	databases	or	APIs,	are	updated	or	replaced.3.2	Application	Layer	(Use	Cases)Purpose:	Serving	as	an
intermediary	between	the	Domain	Layer	and	external	systems,	the	Application	Layer	defines	workflows	and	coordinates	the	Domain	Layer	components	to	fulfill	specific	use	cases.Contents:	This	layer	includes	application	services,	use	cases,	and	data	transfer	objects	(DTOs)	that	organize	the	flow	of	data	and	interactions	within	various	scenarios.Role
with	Domain	Layer:	The	Application	Layer	interacts	with	domain	entities	and	services	but	does	not	alter	core	business	logic.	If	any	business	rules	or	logic	need	modification,	those	changes	occur	in	the	Domain	Layer,	not	here.3.3	Infrastructure	Layer	(External	Systems)Purpose:	The	Infrastructure	Layer	manages	interactions	with	external	systems,
including	databases,	file	storage,	logging,	and	third-party	services.	It	provides	the	implementations	needed	by	the	Domain	and	Application	Layers	for	these	external	connections.Contents:	This	layer	includes	repositories,	logging	mechanisms,	data	access	implementations	(e.g.,	Entity	Framework	or	Dapper),	and	third-party	integrations.Interaction	with
Application	Layer:	The	Infrastructure	Layer	fulfills	interfaces	and	abstractions	defined	by	the	Domain	and	Application	Layers.	It	does	not	contain	business	logic	but	instead	provides	necessary	support	for	storing,	retrieving,	and	processing	data	through	external	services.3.4	Presentation	Layer	(UI/Endpoints)Purpose:	The	Presentation	Layer	serves	as
the	systems	entry	point,	such	as	APIs	in	a	backend	service	or	user	interfaces	in	a	frontend.	It	gathers	and	interprets	input	from	users	or	external	systems	and	directs	it	to	the	Application	Layer.Contents:	This	layer	includes	controllers,	view	models,	UI	components,	and	other	elements	that	handle	interactions	with	users	or	client	systems.Interaction
with	Application	Layer:	The	Presentation	Layer	communicates	exclusively	with	the	Application	Layer,	which	in	turn	coordinates	with	the	Domain	and	Infrastructure	Layers	to	fulfill	requests.	This	separation	ensures	clear	boundaries	and	maintains	the	integrity	of	each	layer.4.	Layer	BreakdownThe	API	Layer	is	the	entry	point	for	the	system,	handling
incoming	HTTP	requests.	It	maps	the	requests	to	services	in	the	Application	Layer	and	returns	appropriate	responses.	In	this	layer,	DTOs	(Data	Transfer	Objects)	are	used	to	abstract	the	underlying	domain	entities,	ensuring	separation	between	the	client	and	the	core	domain.Example:
ContactPersonController12345678910111213141516171819202122232425262728293031323334[ApiController][Route("api/[controller]")][Authorize]public	class	ContactPersonController	:	ControllerBase{	private	readonly	IContactPersonService	_contactPersonService;	public	ContactPersonController(IContactPersonService	contactPersonService)	{
_contactPersonService	=	contactPersonService;	}	[HttpPost]	[ActivityLog("Creating	new	Contact")]	[AuthorizePermission("Contacts.Create")]	public	async	Task	Add(CreateContactPerson	createContactPerson)	{	var	createdContactPerson	=	await	_contactPersonService.Add(createContactPerson);	return	CreatedAtAction(nameof(GetById),	new	{	id	=
createdContactPerson.Id	},	createdContactPerson);	}	[HttpGet("{id}")]	[ActivityLog("Reading	Contact	By	id")]	[AuthorizePermission("Contacts.Read")]	public	async	Task	GetById(Guid	id)	{	var	contactPerson	=	await	_contactPersonService.FindByID(id);	if	(contactPerson	==	null)	return	NotFound();	return	Ok(contactPerson);	}	//	Other	actions...}This
controller	uses	dependency	injection	to	communicate	with	the	Application	Layer	through	the	IContactPersonService	interface.	It	also	maps	incoming	requests	to	DTOs,	which	are	transformed	to	domain	models	inside	the	Application	Layer.Responsibilities	of	API	LayerHandling	HTTP	requests	and	responses.Applying	validation	and	formatting
errors.Delegating	business	logic	to	the	Application	Layer.Utilizing	custom	attributes	for	authorization	and	activity	logging	(e.g.,	AuthorizePermission	and	ActivityLog).The	Application	Layer	handles	the	core	business	logic	and	coordinates	workflows.	It	acts	as	a	middle	layer	between	the	API	and	Domain	Layers.	This	layer	uses	AutoMapper	to	map
DTOs	to	domain	entities	and	vice	versa,	ensuring	separation	of	concerns	between	the	input/output	data	and	the	domain	model.Example:	ContactPersonService1234567891011121314151617using	AutoMapper;using	Contact.Application.Interfaces;using	Contact.Application.UseCases.ContactPerson;using	Contact.Domain.Entities;using
Contact.Domain.Interfaces;	namespace	Contact.Application.Services;	public	class	ContactPersonService	:	GenericService,	IContactPersonService{	public	ContactPersonService(IGenericRepository	repository,	IMapper	mapper,	IUnitOfWork	unitOfWork)	:	base(repository,	mapper,	unitOfWork)	{	}	//	Additional	methods	specific	to	ToDo	can	go	here	if
needed}123456789101112131415161718192021222324252627282930313233343536373839404142434445464748495051525354using	AutoMapper;using	Contact.Application.Interfaces;using	Contact.Domain.Entities;using	Contact.Domain.Interfaces;	namespace	Contact.Application.Services;	public	class	GenericService	:	IGenericService	where
TEntity	:	BaseEntity	where	TResponse	:	class	where	TCreate	:	class	where	TUpdate	:	class{	private	readonly	IGenericRepository	_repository;	private	readonly	IMapper	_mapper;	private	readonly	IUnitOfWork	_unitOfWork;	public	GenericService(IGenericRepository	repository,	IMapper	mapper,	IUnitOfWork	unitOfWork)	{	_repository	=	repository;
_mapper	=	mapper;	_unitOfWork	=	unitOfWork;	}	public	async	Task	Add(TCreate	createDto)	{	using	var	transaction	=	_unitOfWork.BeginTransaction();	try	{	var	entity	=	_mapper.Map(createDto);	var	createdEntity	=	await	_repository.Add(entity,	transaction);	await	_unitOfWork.CommitAsync();	return	_mapper.Map(createdEntity);	//	Map	to	clean
response	DTO	}	catch	{	await	_unitOfWork.RollbackAsync();	throw;	}	}	public	async	Task	FindByID(Guid	id)	{	var	entity	=	await	_repository.FindByID(id);	return	_mapper.Map(entity);	//	Map	to	clean	response	DTO	}	public	async	Task	FindAll()	{	var	entities	=	await	_repository.FindAll();	return	_mapper.Map(entities);	//	Map	to	clean	response	DTOs
}}Responsibilities	of	the	Application	LayerImplements	business	logic	and	rules.Coordinates	between	controllers	and	repositories.Contains	the	DTOs	(Data	Transfer	Objects)	for	create,	update,	and	response.Utilizes	AutoMapper	to	map	DTOs	to	domain	entities.Ensures	validation	through	FluentValidation.4.2.1	AutoMapper	for	DTO	and	Entity
MappingAutoMapper	is	used	to	simplify	the	conversion	of	DTOs	to	domain	entities	and	vice	versa.Example:	AutoMapper	Configuration123456789public	class	ContactPersonMappingProfile	:	Profile{	public	ContactPersonMappingProfile()	{	CreateMap();	CreateMap();	}}4.3.	Domain	Layer	(Contact.Domain)The	Domain	Layer	contains	the	core	business
logic	and	entities.	Its	completely	decoupled	from	external	systems	and	ensures	that	the	core	logic	remains	isolated.	All	business	rules	reside	in	this	layer.Heres	an	example	of	the	ContactPerson	entity:Example:	ContactPerson	Entity12345678public	class	ContactPerson	:	BaseEntity{	public	string	FirstName	{	get;	set;	}	public	string	LastName	{	get;
set;	}	public	long	Mobile	{	get;	set;	}	public	string	Email	{	get;	set;	}}This	ContactPerson	entity	extends	the	BaseEntity	class,	which	provides	common	properties	like	Id,	CreatedOn,	and	UpdatedOn.	These	entities	represent	the	core	business	data	and	are	used	in	business	logic	across	the	application.The	Infrastructure	Layer	implements	external
system	integrations,	like	databases	or	logging	services.	This	layer	interacts	with	the	Application	Layer	via	interfaces,	ensuring	loose	coupling.Example:	ContactPersonRepository123456789101112131415161718public	class	ContactPersonRepository	:	IContactPersonRepository{	private	readonly	IDapperHelper	_dapperHelper;	public
ContactPersonRepository(IDapperHelper	dapperHelper)	{	_dapperHelper	=	dapperHelper;	}	public	async	Task	AddAsync(ContactPerson	contact)	{	var	sql	=	@"INSERT	INTO	Contacts	(FirstName,	LastName,	Mobile,	Email,	CreatedOn)	VALUES	(@FirstName,	@LastName,	@Mobile,	@Email,	@CreatedOn)";	await	_dapperHelper.ExecuteAsync(sql,
contact);	return	contact;	}}This	repository	implementation	uses	Dapper	to	perform	database	operations,	with	the	data	being	retrieved	or	persisted	based	on	the	domain	entities.5.	Benefits	of	Clean	ArchitectureThe	Contact	Management	Application	demonstrates	several	key	benefits	of	Clean	Architecture:Testability:	The	decoupling	of	the	business
logic	from	external	systems	makes	unit	testing	easy.Scalability:	Each	layer	is	responsible	for	its	own	tasks,	allowing	you	to	modify	one	layer	without	affecting	others.Maintainability:	Clear	separation	of	concerns	means	that	changes	to	the	UI	or	database	dont	impact	the	core	logic.Framework	Independence:	The	core	logic	doesnt	depend	on	any	specific
framework,	ensuring	flexibility.ConclusionIn	this	article,	weve	explored	how	Clean	Architecture	is	applied	to	the	Contact	Management	Application.	Weve	seen	how	separating	concerns	into	distinct	layers	ensures	the	application	remains	flexible,	maintainable,	and	scalable.	In	the	next	articles,	well	dive	deeper	into	the	Application	Layer,	including	how
to	configure	AutoMapper,	manage	validation	with	FluentValidation,	and	implement	Activity	Logging.For	a	more	detailed	look	at	the	project,	you	can	access	the	full	source	code	on	GitHub:GitHub	Repository:	Contact	Management	ApplicationIn	the	next	articles,	we	will	dive	deeper	into	specific	areas	like	AutoMapper,	FluentValidation,	and	Dapper,
showcasing	how	they	work	together	to	support	this	architecture.Get	Involved!Explore	the	Code:	Test	the	examples	{:target=_blank	rel=noopener	noreferrer}provided	in	the	GitHub	repository	and	share	your	insights	in	the	comments.Follow	Us:	Stay	updated	on	new	developments	by	following	the	project	on.	GitHub.Subscribe:	Sign	up	for	our
newsletter	to	receive	tips	on	leveraging	Azure	and	OpenAI	for	modern	development.Join	the	Conversation:	Have	you	faced	challenges	in	improving	or	maintaining	a	project	structure?	Share	your	experiences	and	solutions	in	the	comments	below!Many	developers	are	aware	of	the	clean	code	principles	but	there	is	a	further	way	to	level	up,	clean
architecture.	Not	many	are	aware	of	the	concept	of	clean	architecture,	although	it	is	definitely	worth	exploring.	My	own	experience	proves	that	implementing	clean	architecture	principles	in	your	project	can	solve	a	number	of	issues.In	this	article	I	decided	to	take	a	closer	look	at	what	clean	architecture	means	and	why	it	can	be	important.Problem
statementProbably	every	developer	and	project	manager	has	met	this	situation	at	least	once	in	a	career:	a	project	shows	rapid	growth	in	the	beginning	then	slows	down	or	even	becomes	completely	stuck.	New	developers	coming	to	this	project	want	to	re-develop	everything	from	scratch,	to	add	new	features	in	a	timely	manner,	as	it	is	easier	than
understanding	the	current	solution.Do	any	of	the	issues	below	sound	familiar?It	is	painfully	hard	and	time	consuming	to	add	new	features.Multiple	bugs	are	discovered	only	in	production.A	new	feature	or	even	a	bug	fix	produces	new	bugs	that	are	not	directly	connected	with	the	initial	change.It	is	impossible	to	get	rid	of	the	outdated	legacy	library,
framework	or	database	without	significant	development	effort.Time-to-market	delivery	is	very	slow	and	becomes	even	slower	in	time.The	backlog	of	bugs	grows	faster	than	the	team	can	handle	it.If	the	answer	is	yes	to	any	of	these,	it	is	highly	likely	(but	not	definite)	that	the	solution	or	software	architecture	has	not	been	designed	or	followed
properly.The	above-described	problems	are	well	known	and	have	been	for	decades.	Applying	clean	architecture	design	principles	can	help	to	avoid	these	issues.What	is	clean	architecture?Clean	architecture	is	a	set	of	design	principles	that	divides	software	components/modules	into	onion	ring	layers	as	in	the	image	below.	The	main	idea	is	that	code
dependencies	are	supposed	to	only	go	from	the	outer	layers	to	the	inner	ones.	There	can	be	more	than	three	levels	of	layers	in	some	cases.Fig.1:	Clean	architecture	diagramLayer	1:	domain	layer,	all	the	business	entities	and	business	rules	should	be	here.Layer	2:	interface	adapters	layer,	here	are	the	controllers,	interfaces,	APIs,	connectors.Layer	3:
infrastructure	and	presentation	layer,	all	the	low-level	technical	implementations	should	live	here:	frameworks,	libraries,	databases,	user	interfaces,	external	interfaces	and	APIs.>>	Learn	more	about	API-first	design	and	check	our	data	enginnering	services.Main	benefits	of	clean	software	architectureIndependence	from	frameworks	and
librariesUsually	we	build	solutions	for	customers	to	be	used	for	years	but	new	frameworks	and	libraries	and	their	new	versions	appear	daily!	There	should	be	the	option	to	switch	libraries	or	frameworks	easily	if	necessary	without	drastic	development	efforts.Independence	of	the	user	interfaceWhile	nowadays	UI	is	most	often	completely	technically
separated	from	the	solution	(as	in	a	JS	web	app	or	mobile	application),	there	can	be	a	logical	dependency	or	business	rule	dependency	that	is	implemented	within,	for	example,	a	mobile	application.	Following	clean	architecture	principles	will	eliminate	these	cases.Independence	from	databases	and	storageAny	solution	in	the	long	term	should	be
independent	from	any	specific	data	storage	or	database.	Of	course,	it	is	not	possible	to	design	a	universal	solution	but	proper	design	of	the	database	or	data	storage	interface	should	make	it	easy	to	switch	from	one	database/data	storage	option	to	another	in	a	seamless	way.TestabilityThis	benefit	is	the	most	important	for	long-term	solution	survival.
Often	old	projects	lose	key	experts	and	analysts	and	when	the	time	comes	to	refactor	or	improve	the	solution,	the	proper	tests	can	be	the	only	source	of	sanity	for	the	solutions	business	logic.	Properly-designed	components	can	also	easily	be	covered	with	automated	tests.>>	If	you	find	this	article	interesting,	check	out	our	other	related	publications:
Clean	architecture	principlesIt	is	possible	to	divide	all	the	clean	architecture	principles	into	two	groups,	based	on	how	you	should	treat	design	in	general	and	how	you	should	manage	the	components	of	your	project.Common	design	principlesDependency	inversion	principleInterface	segregation	principleSingle	responsibility	principleOpen-closed
principleComponents	organization	principlesRelease-reuse	equivalence	principleCommon	closure	principleCommon	reuse	principleAcyclic	dependencies	principleStable	dependencies	principleStable	abstractions	principleDependency	inversion	principleI	believe	this	one	is	the	most	important.	It	means	that	dependencies	should	always	go	in	one
direction	only:	from	high-level	components	with	the	business	rules	and	entities	through	the	interfaces	to	the	low-level	components	like	frameworks	and	databases.	In	practical	terms:	no	business	logic	or	entities	should	ever	be	dependent	on	technical	implementation	and	its	frameworks,	databases,	interface,	or	anything	else.Interface	segregation
principleThis	principle	requires	segregating	the	interfaces	within	their	minimal	possible	functionality.	If	there	is	one	object	that	uses	the	functionality	of	another,	it	should	use	the	maximum	of	the	provided	interface.	If	the	module	has	methods	1,	2,	3,	4,	5	,6	and	one	object	uses	methods	1,	2	and	3	and	another	object	uses	methods	4,	5,	6	then	probably
it	makes	sense	to	have	two	separate	interfaces.Single	responsibility	principleThis	principle	is	the	most	difficult	to	follow.	Each	module	of	the	solution	should	have	one	and	only	one	reason	for	change.	Let	me	give	you	an	example:	one	class	has	two	methods:	to	calculate	taxes	and	to	send	calculated	taxes	with	an	email.	This	class	violates	the	single
responsibility	principle	because	there	can	be	two	reasons	for	changing:	a	change	in	tax	calculations	or	a	change	in	communications	method	-	this	means	that	this	class	should	be	split	into	two	classes.Open-closed	principleIn	this	principle,	software	components	must	be	open	for	extensions	but	closed	for	modifications.	Sounds	weird,	but	let	me	try	to
explain.	The	structure	of	the	code	should	be	designed	so	that	you	can	change	the	behavior	of	the	class	without	modification	of	existing	code	but	only	by	adding	new	code.	You	can	achieve	that	by	creating	an	additional	abstraction	level.	For	example,	instead	of	multiple	if	else	if	else,	create	separate	objects	that	can	handle	the	same	logic.	Be	careful
with	this	principle,	implement	new	abstract	layers	only	when	you	actually	need	them,	never	when	you	just	feel	that	you	need	them.Release-reuse	equivalence	principleThis	principle	is	quite	simple:	every	component	can	be	re-used	fully	and	it	should	be	packaged	and	versioned	properly	to	be	re-used	by	other	components.	Practically,	you	cannot	release
a	component	or	package	if	only	part	of	it	can	be	reused.	As	for	versioning	and	releases,	there	are	plenty	of	tools	for	that	and	most	developers	have	this	principle	in	their	blood	even	if	they	do	not	know	what	it	is	called.	:)Common	closure	principleThis	is	a	continuation	of	the	more	abstract	single	responsibility	principle	defined	above.	It	means	that	you
package	functionalities	into	one	component	only	if	it	really	makes	sense.	One	component	should	have	only	functionalities	that	are	changed	for	the	same	reasons	and	at	the	same	time.	The	simplicity	of	maintenance	and	changes	is	a	key	point	of	any	component,	it	is	always	better	to	change	something	in	one	place	and	test	one	component	than	do
multiple	changes	and	testing	in	different	places.Common	reuse	principleDesign	your	components	so	that	your	users	will	not	be	dependent	on	functionality	they	do	not	need.	This	saves	space	and	memory,	optimizes	performance,	and	decreases	dependency.	Nowadays,	not	following	this	principle	can	make	it	impossible	to	publish	the	application	via	an
application	store.	For	example,	it	often	happens	that	the	developers	take	some	available	library	and	use	just	one	function	from	it.The	application	store	then	refuses	to	publish	the	application	because	the	library	requires	additional	permissions	for	the	app	that	do	not	make	sense	to	retrieve	from	the	user	as	they	refer	to	a	functionality	not	actually	used
in	the	app.Acyclic	dependency	principleThis	principle	says	that	circular	dependencies	between	components	are	not	allowed	and	should	be	eliminated.	While	some	programming	languages	(like	Golang)	take	care	of	cyclic	imports	on	their	own	and	that	mostly	solves	the	issue,	it	can	be	a	very	non-trivial	task	for	other	languages	to	eliminate	this	kind	of
dependency.Stable	dependencies	principleAll	the	dependencies	should	be	directed	from	less	stable	modules	that	change	often	to	more	stable	modules	that	change	less	often.Stable	abstractions	principleThe	stability	of	any	component	is	proportional	to	its	abstraction	level.	More	abstract	entities	are	usually	more	stable,	while	any	specific
implementation	that	is	changed	more	often	is	less	stable.	See	the	picture	above.DisclaimerClean	architecture	is	a	development	philosophy	and	while	it	helps	a	lot	to	develop	and	maintain	long-lasting	projects	properly,	it	is	not	a	silver	bullet	to	solve	all	the	technical	and	design	challenges.	It	is	good	to	know	clean	architecture	principles	but	it	is	better
to	use	them	wisely	otherwise	your	solution	can	become	overcomplicated	with	too	many	unnecessary	abstractions	and	interfaces.	The	main	goal	of	any	architect	is	to	solve	the	business	problem	in	the	most	optimized	way,	not	to	create	an	ideal	technical	solution.	:)ConclusionClean	architecture	principles	can	be	applied	to	any	solution	or	software,	no
matter	what	programming	paradigms	it	uses.	Actually,	clean	architecture	can	be	used	by	any	other	architecture	that	follows	clean	principles.	This	means	you	can	combine	programming	paradigms	to	create,	for	example,	clean	microservices	architecture	or	any	other	architecture	of	your	choice.	Following	clean	architecture	while	designing	and
developing	your	solution	makes	it	testable	and	more	independent	from	libraries,	frameworks,	databases	and	provides	better	maintainability	in	the	long	term.I	have	tried	to	give	a	brief	overview	of	the	main	and	the	most	important	elements	of	clean	architecture	but	this	is	just	the	tip	of	the	iceberg.	If	you	are	interested	in	exploring	these	principles
more	deeply,	check	out	the	original	source:	the	book	Clean	Architecture	written	by	Robert	C.	Martin	(a.k.a.	Uncle	Bob).	You	can	also	discover	tons	of	articles	and	videos	using	the	keywords	clean	architecture.Many	developers	are	aware	of	the	clean	code	principles	but	there	is	a	further	way	to	level	up,	clean	architecture.	Not	many	are	aware	of	the
concept	of	clean	architecture,	although	it	is	definitely	worth	exploring.	My	own	experience	proves	that	implementing	clean	architecture	principles	in	your	project	can	solve	a	number	of	issues.In	this	article	I	decided	to	take	a	closer	look	at	what	clean	architecture	means	and	why	it	can	be	important.Problem	statementProbably	every	developer	and
project	manager	has	met	this	situation	at	least	once	in	a	career:	a	project	shows	rapid	growth	in	the	beginning	then	slows	down	or	even	becomes	completely	stuck.	New	developers	coming	to	this	project	want	to	re-develop	everything	from	scratch,	to	add	new	features	in	a	timely	manner,	as	it	is	easier	than	understanding	the	current	solution.Do	any	of
the	issues	below	sound	familiar?It	is	painfully	hard	and	time	consuming	to	add	new	features.Multiple	bugs	are	discovered	only	in	production.A	new	feature	or	even	a	bug	fix	produces	new	bugs	that	are	not	directly	connected	with	the	initial	change.It	is	impossible	to	get	rid	of	the	outdated	legacy	library,	framework	or	database	without	significant
development	effort.Time-to-market	delivery	is	very	slow	and	becomes	even	slower	in	time.The	backlog	of	bugs	grows	faster	than	the	team	can	handle	it.If	the	answer	is	yes	to	any	of	these,	it	is	highly	likely	(but	not	definite)	that	the	solution	or	software	architecture	has	not	been	designed	or	followed	properly.The	above-described	problems	are	well
known	and	have	been	for	decades.	Applying	clean	architecture	design	principles	can	help	to	avoid	these	issues.What	is	clean	architecture?Clean	architecture	is	a	set	of	design	principles	that	divides	software	components/modules	into	onion	ring	layers	as	in	the	image	below.	The	main	idea	is	that	code	dependencies	are	supposed	to	only	go	from	the
outer	layers	to	the	inner	ones.	There	can	be	more	than	three	levels	of	layers	in	some	cases.Fig.1:	Clean	architecture	diagramLayer	1:	domain	layer,	all	the	business	entities	and	business	rules	should	be	here.Layer	2:	interface	adapters	layer,	here	are	the	controllers,	interfaces,	APIs,	connectors.Layer	3:	infrastructure	and	presentation	layer,	all	the
low-level	technical	implementations	should	live	here:	frameworks,	libraries,	databases,	user	interfaces,	external	interfaces	and	APIs.>>	Learn	more	about	API-first	design	and	check	our	data	enginnering	services.Main	benefits	of	clean	software	architectureIndependence	from	frameworks	and	librariesUsually	we	build	solutions	for	customers	to	be
used	for	years	but	new	frameworks	and	libraries	and	their	new	versions	appear	daily!	There	should	be	the	option	to	switch	libraries	or	frameworks	easily	if	necessary	without	drastic	development	efforts.Independence	of	the	user	interfaceWhile	nowadays	UI	is	most	often	completely	technically	separated	from	the	solution	(as	in	a	JS	web	app	or	mobile
application),	there	can	be	a	logical	dependency	or	business	rule	dependency	that	is	implemented	within,	for	example,	a	mobile	application.	Following	clean	architecture	principles	will	eliminate	these	cases.Independence	from	databases	and	storageAny	solution	in	the	long	term	should	be	independent	from	any	specific	data	storage	or	database.	Of
course,	it	is	not	possible	to	design	a	universal	solution	but	proper	design	of	the	database	or	data	storage	interface	should	make	it	easy	to	switch	from	one	database/data	storage	option	to	another	in	a	seamless	way.TestabilityThis	benefit	is	the	most	important	for	long-term	solution	survival.	Often	old	projects	lose	key	experts	and	analysts	and	when	the
time	comes	to	refactor	or	improve	the	solution,	the	proper	tests	can	be	the	only	source	of	sanity	for	the	solutions	business	logic.	Properly-designed	components	can	also	easily	be	covered	with	automated	tests.>>	If	you	find	this	article	interesting,	check	out	our	other	related	publications:	Clean	architecture	principlesIt	is	possible	to	divide	all	the	clean
architecture	principles	into	two	groups,	based	on	how	you	should	treat	design	in	general	and	how	you	should	manage	the	components	of	your	project.Common	design	principlesDependency	inversion	principleInterface	segregation	principleSingle	responsibility	principleOpen-closed	principleComponents	organization	principlesRelease-reuse
equivalence	principleCommon	closure	principleCommon	reuse	principleAcyclic	dependencies	principleStable	dependencies	principleStable	abstractions	principleDependency	inversion	principleI	believe	this	one	is	the	most	important.	It	means	that	dependencies	should	always	go	in	one	direction	only:	from	high-level	components	with	the	business
rules	and	entities	through	the	interfaces	to	the	low-level	components	like	frameworks	and	databases.	In	practical	terms:	no	business	logic	or	entities	should	ever	be	dependent	on	technical	implementation	and	its	frameworks,	databases,	interface,	or	anything	else.Interface	segregation	principleThis	principle	requires	segregating	the	interfaces	within
their	minimal	possible	functionality.	If	there	is	one	object	that	uses	the	functionality	of	another,	it	should	use	the	maximum	of	the	provided	interface.	If	the	module	has	methods	1,	2,	3,	4,	5	,6	and	one	object	uses	methods	1,	2	and	3	and	another	object	uses	methods	4,	5,	6	then	probably	it	makes	sense	to	have	two	separate	interfaces.Single
responsibility	principleThis	principle	is	the	most	difficult	to	follow.	Each	module	of	the	solution	should	have	one	and	only	one	reason	for	change.	Let	me	give	you	an	example:	one	class	has	two	methods:	to	calculate	taxes	and	to	send	calculated	taxes	with	an	email.	This	class	violates	the	single	responsibility	principle	because	there	can	be	two	reasons
for	changing:	a	change	in	tax	calculations	or	a	change	in	communications	method	-	this	means	that	this	class	should	be	split	into	two	classes.Open-closed	principleIn	this	principle,	software	components	must	be	open	for	extensions	but	closed	for	modifications.	Sounds	weird,	but	let	me	try	to	explain.	The	structure	of	the	code	should	be	designed	so	that
you	can	change	the	behavior	of	the	class	without	modification	of	existing	code	but	only	by	adding	new	code.	You	can	achieve	that	by	creating	an	additional	abstraction	level.	For	example,	instead	of	multiple	if	else	if	else,	create	separate	objects	that	can	handle	the	same	logic.	Be	careful	with	this	principle,	implement	new	abstract	layers	only	when	you
actually	need	them,	never	when	you	just	feel	that	you	need	them.Release-reuse	equivalence	principleThis	principle	is	quite	simple:	every	component	can	be	re-used	fully	and	it	should	be	packaged	and	versioned	properly	to	be	re-used	by	other	components.	Practically,	you	cannot	release	a	component	or	package	if	only	part	of	it	can	be	reused.	As	for
versioning	and	releases,	there	are	plenty	of	tools	for	that	and	most	developers	have	this	principle	in	their	blood	even	if	they	do	not	know	what	it	is	called.	:)Common	closure	principleThis	is	a	continuation	of	the	more	abstract	single	responsibility	principle	defined	above.	It	means	that	you	package	functionalities	into	one	component	only	if	it	really
makes	sense.	One	component	should	have	only	functionalities	that	are	changed	for	the	same	reasons	and	at	the	same	time.	The	simplicity	of	maintenance	and	changes	is	a	key	point	of	any	component,	it	is	always	better	to	change	something	in	one	place	and	test	one	component	than	do	multiple	changes	and	testing	in	different	places.Common	reuse
principleDesign	your	components	so	that	your	users	will	not	be	dependent	on	functionality	they	do	not	need.	This	saves	space	and	memory,	optimizes	performance,	and	decreases	dependency.	Nowadays,	not	following	this	principle	can	make	it	impossible	to	publish	the	application	via	an	application	store.	For	example,	it	often	happens	that	the
developers	take	some	available	library	and	use	just	one	function	from	it.The	application	store	then	refuses	to	publish	the	application	because	the	library	requires	additional	permissions	for	the	app	that	do	not	make	sense	to	retrieve	from	the	user	as	they	refer	to	a	functionality	not	actually	used	in	the	app.Acyclic	dependency	principleThis	principle
says	that	circular	dependencies	between	components	are	not	allowed	and	should	be	eliminated.	While	some	programming	languages	(like	Golang)	take	care	of	cyclic	imports	on	their	own	and	that	mostly	solves	the	issue,	it	can	be	a	very	non-trivial	task	for	other	languages	to	eliminate	this	kind	of	dependency.Stable	dependencies	principleAll	the
dependencies	should	be	directed	from	less	stable	modules	that	change	often	to	more	stable	modules	that	change	less	often.Stable	abstractions	principleThe	stability	of	any	component	is	proportional	to	its	abstraction	level.	More	abstract	entities	are	usually	more	stable,	while	any	specific	implementation	that	is	changed	more	often	is	less	stable.	See
the	picture	above.DisclaimerClean	architecture	is	a	development	philosophy	and	while	it	helps	a	lot	to	develop	and	maintain	long-lasting	projects	properly,	it	is	not	a	silver	bullet	to	solve	all	the	technical	and	design	challenges.	It	is	good	to	know	clean	architecture	principles	but	it	is	better	to	use	them	wisely	otherwise	your	solution	can	become
overcomplicated	with	too	many	unnecessary	abstractions	and	interfaces.	The	main	goal	of	any	architect	is	to	solve	the	business	problem	in	the	most	optimized	way,	not	to	create	an	ideal	technical	solution.	:)ConclusionClean	architecture	principles	can	be	applied	to	any	solution	or	software,	no	matter	what	programming	paradigms	it	uses.	Actually,
clean	architecture	can	be	used	by	any	other	architecture	that	follows	clean	principles.	This	means	you	can	combine	programming	paradigms	to	create,	for	example,	clean	microservices	architecture	or	any	other	architecture	of	your	choice.	Following	clean	architecture	while	designing	and	developing	your	solution	makes	it	testable	and	more
independent	from	libraries,	frameworks,	databases	and	provides	better	maintainability	in	the	long	term.I	have	tried	to	give	a	brief	overview	of	the	main	and	the	most	important	elements	of	clean	architecture	but	this	is	just	the	tip	of	the	iceberg.	If	you	are	interested	in	exploring	these	principles	more	deeply,	check	out	the	original	source:	the	book
Clean	Architecture	written	by	Robert	C.	Martin	(a.k.a.	Uncle	Bob).	You	can	also	discover	tons	of	articles	and	videos	using	the	keywords	clean	architecture.Clean	Architecture	Logic	and	Separation	of	Each	ModulesClean	Architecture	is	a	software	design	philosophy	that	emphasizes	the	separation	of	concerns,	making	it	easier	to	manage,	test,	and
maintain	complex	software	systems.	It	organizes	the	code	into	layers,	each	with	distinct	responsibilities	and	dependencies,	and	is	designed	to	be	independent	of	frameworks,	user	interfaces,	databases,	and	external	agenciesIntroductionClean	Architecture,	introduced	by	Robert	C.	Martin	(Uncle	Bob),	is	a	software	design	philosophy	that	emphasizes
separation	of	concerns,	making	code	easier	to	understand,	maintain,	and	test.	This	architecture	is	particularly	useful	for	complex	systems,	as	it	divides	the	application	into	layers	with	distinct	responsibilities	and	dependencies,	allowing	for	better	scalability	and	adaptability	to	changes.	Core	Principles	of	Clean	ArchitectureCore	Principles	of	Clean
ArchitectureSeparation	of	Concerns:	Different	concerns	(e.g.,	UI,	business	logic,	data	access)	are	isolated	into	distinct	layers.Independence	of	Frameworks:	The	core	logic	of	the	application	does	not	depend	on	external	frameworks,	making	it	easier	to	swap	frameworks	or	upgrade	them	without	affecting	the	core	logic.Testability:	The	separation	of
concerns	allows	each	layer	to	be	tested	independently.Flexibility	and	Maintainability:	By	organizing	the	code	into	layers,	the	system	can	adapt	to	changes	more	easily,	and	maintenance	becomes	less	cumbersome.Dependency	Rule:	Dependencies	should	point	inward,	towards	the	core	of	the	application.	Outer	layers	depend	on	inner	layers,	but	inner
layers	are	independent	of	outer	layers.Layers	of	Clean	Architecture	and	flowThe	Data	layer	is	responsible	for	handling	data	from	external	sources,	such	as	databases,	web	services,	or	device	sensors.	It	consists	of	the	following	subdivisions:Data	Sources:	Contains	classes	responsible	for	fetching	data	from	various	sources,	such	as	REST	APIs,	local
storage,	or	databases.Models:	Defines	the	data	models	used	throughout	the	application.Repository:	Acts	as	an	abstraction	layer	over	data	sources,	providing	a	clean	API	for	accessing	and	managing	data.Domain	LayerThe	Domain	layer	contains	the	core	business	logic	and	rules	of	the	application.	It	is	independent	of	any	external	dependencies	and
consists	of	the	following	subdivisions:Entities:	Represent	core	business	objects	with	their	properties	and	behaviors.Use	Cases:	Contains	application-specific	business	rules	and	logic,	orchestrating	interactions	between	entities	and	data	sources.Repository	Interfaces:	Defines	interfaces	for	repositories	used	to	access	data,	decoupling	the	domain	layer
from	specific	data	sources.Presentation	LayerThe	Presentation	layer	is	responsible	for	handling	user	interface	logic	and	interactions.	It	consists	of	the	following	subdivisions:BLoC	(Business	Logic	Component):	Manages	the	applications	state	and	business	logic,	often	based	on	the	BLoC	pattern.Pages:	Represents	individual	screens	or	views	in	the
application,	typically	implemented	as	Flutter	widgets.Widgets:	Reusable	UI	components	used	across	multiple	screens	or	pages.UI	Controllers:	Handle	user	inputs	and	events,	coordinating	with	BLoCs	and	other	components	to	update	the	UI.Layers	and	Connection	of	Clean	ArchitectureData	LayerIn	Flutter	Clean	Architecture,	the	data	layer	is
responsible	for	managing	the	apps	data	sources	and	providing	data	to	the	domain	layer.	It	typically	includes	several	key	subparts:	repositories,	data	sources	(both	remote	and	local),	models	(or	entities),	and	data	mappers.	Each	of	these	components	has	a	specific	role	in	ensuring	data	is	retrieved,	processed,	and	made	available	to	other	layers	of	the
application	in	a	clean	and	organized	manner.Subparts	of	the	Data	Layer	and	Their	FunctionsFunction:	Repositories	act	as	intermediaries	between	the	domain	layer	and	data	sources	(remote	or	local).	They	abstract	the	complexities	of	data	access,	providing	a	simple	API	for	the	domain	layer	to	retrieve	or	persist	data.Example:	A	UserRepository	might
have	methods	like	getUserById(int	id)	or	createUser(User	user).Domain	Repository	Interface:	The	domain	layer	defines	repository	interfaces.	These	interfaces	declare	the	operations	that	the	domain	layer	requires	without	specifying	how	these	operations	should	be	carried	out.	This	ensures	that	the	domain	layer	remains	agnostic	of	the	actual	data
retrieval	mechanisms.//	UserRepository	abstract	class	in	domain	Repository	folderabstract	class	UserRepository	{	Future	getUserById(int	id);	Future	createUser(User	user);}Data	Repository	Implementation:	The	data	layer	provides	concrete	implementations	of	the	domain	repository	interfaces.	These	implementations	handle	the	actual	data
operations,	such	as	fetching	from	a	network	or	storing	in	a	database//	UserRepository	Implementation	in	data	Repository	folderclass	UserRepositoryImpl	implements	UserRepository	{	final	UserRemoteDataSource	remoteDataSource;	final	UserLocalDataSource	localDataSource;	final	NetworkInfo	networkInfo;	UserRepositoryImpl({	required
this.remoteDataSource,	required	this.localDataSource,	required	this.networkInfo,	});	@override	Future	getUserById(int	id)	async	{	...	}	@override	Future	createUser(User	user)	async	{	...}Dependency	Inversion	PrincipleThe	domain	layer	depends	on	abstractions	(repository	interfaces)	rather	than	concrete	implementations.	This	adheres	to	the
dependency	inversion	principle,	which	is	a	core	tenet	of	clean	architecture.By	depending	on	abstractions	(repository	interfaces)	rather	than	concrete	implementations,	the	domain	layer	remains	clean,	focused,	and	unaffected	by	changes	in	data	access	strategies.	This	adherence	to	the	Dependency	Inversion	Principle	ensures	that	high-level	business
rules	are	decoupled	from	low-level	data	operations,	resulting	in	a	flexible,	maintainable,	and	testable	architecture.Data	SourceData	sources	are	responsible	for	the	actual	data	retrieval	or	storage.	Typically,	there	are	two	main	types:	remote	data	sources	(for	fetching	data	from	network	or	APIs)	and	local	data	sources	(for	accessing	data	from	local
databases	or	cache).There	are	two	types	of	Data	Sources:-Remote	Data	Source:	A	remote	data	source	deals	with	fetching	data	from	external	APIs	or	services	over	the	network.	It	encapsulates	the	logic	for	making	HTTP	requests,	handling	responses,	and	transforming	raw	data	into	usable	application	models.Local	Data	Source:	A	local	data	source
manages	data	stored	locally	on	the	device,	typically	in	databases,	shared	preferences,	or	local	files.	It	handles	CRUD	(Create,	Read,	Update,	Delete)	operations	and	provides	an	abstraction	over	the	underlying	storage	mechanisms.Data	sources	are	interfaces	that	define	contracts	for	accessing	data	from	different	sources,	such	as	remote	APIs,	local
databases,	or	device	sensors.	These	interfaces	serve	as	blueprints	for	implementing	concrete	data	source	classes	that	interact	with	specific	data	providers.Abstract	Data	SourceAn	abstract	data	source	is	an	interface	that	declares	methods	for	performing	data	access	operations.	It	typically	represents	a	specific	type	of	data	source,	such	as	a	remote	API
client	or	a	local	database	handler.	Abstract	data	sources	define	the	contract	that	concrete	implementations	must	adhere	to.abstract	class	DataSource	{	//	Declare	abstract	methods	for	data	access	operations	Future	fetchData();	Future	saveData(DataType	data);	Future	deleteData(DataType	data);}In	this	abstract	data	source	example,	DataSource
defines	three	abstract	methods:	fetchData(),	saveData(),	and	deleteData(),	which	represent	common	CRUD	operations	(Create,	Read,	Update,	Delete)	for	managing	data.	The	DataType	is	a	placeholder	representing	the	type	of	data	being	accessed.Implementation	of	Data	SourceConcrete	data	source	classes	implement	the	methods	defined	in	the
abstract	data	source	interface.	These	implementations	provide	actual	logic	for	interacting	with	specific	data	providers,	such	as	making	HTTP	requests	to	remote	APIs	or	executing	SQL	queries	against	local	databases.class	RemoteDataSource	implements	DataSource	{	@override	Future	fetchData()	async	{	//	Implement	logic	to	fetch	data	from	remote
API	}	@override	Future	saveData(DataType	data)	async	{	//	Implement	logic	to	save	data	to	remote	API	}	@override	Future	deleteData(DataType	data)	async	{	//	Implement	logic	to	delete	data	from	remote	API	}}In	this	example,	RemoteDataSource	is	a	concrete	implementation	of	the	DataSource	interface.	It	provides	specific	implementations	for	the
fetchData(),	saveData(),	and	deleteData()	methods	tailored	to	interact	with	a	remote	API.Implementing	concrete	data	sources	in	the	context	of	Clean	Architecture	means	creating	classes	that	provide	the	actual	mechanisms	to	retrieve	and	store	data,	as	specified	by	the	Abstract	Classes	defined	in	the	Data	Layer.These	concrete	classes	implement	the
methods	defined	by	the	interfaces,	providing	the	details	of	how	data	is	fetched	from	or	stored	to	various	sources	(e.g.,	remote	APIs,	local	databases).Models1.	DefinitionModels	within	the	data	layer	represent	the	structure	of	the	data	being	transferred	between	the	various	components	of	the	application.	They	act	as	data	containers	that	hold	the
information	retrieved	from	data	sources,	transformed	for	processing,	and	passed	between	different	layers	of	the	application.Models	are	often	closely	related	to	entities	in	the	domain	layer	but	may	include	additional	properties	or	methods	tailored	to	the	data	layers	needs.2.	PurposeModels	encapsulate	the	data	retrieved	from	data	sources,	such	as
databases,	APIs,	or	local	storage.They	provide	a	structured	representation	of	the	data,	allowing	for	easy	manipulation	and	transformation	within	the	data	layer.Models	abstract	away	the	details	of	data	storage	and	retrieval,	providing	a	clean	interface	for	interacting	with	data	sources.3.	CharacteristicsModels	typically	mirror	the	structure	of	the	data
being	retrieved,	with	properties	representing	different	attributes	or	fields.They	may	include	constructors	for	initializing	model	instances	from	raw	data	(e.g.,	JSON).Models	often	implement	methods	for	serializing	and	deserializing	data	to	and	from	different	formats,	such	as	JSON	or	database	records.4.	ResponsibilitiesData	Transformation:	They
facilitate	the	conversion	of	raw	data	from	data	sources	into	structured	objects	that	can	be	processed	by	the	application.Data	Validation:	Models	may	include	validation	logic	to	ensure	the	integrity	and	consistency	of	the	data	before	processing.Data	Serialization/Deserialization:	Models	handle	the	conversion	of	data	between	its	in-memory
representation	and	external	formats,	such	as	JSON	or	database	records.5.	Examplesclass	UserModel	{	final	int	id;	final	String	name;	final	String	email;	UserModel({required	this.id,	required	this.name,	required	this.email});	factory	UserModel.fromJson(Map	json)	{	return	UserModel(	id:	json['id'],	name:	json['name'],	email:	json['email'],	);	}	Map
toJson()	{	return	{	'id':	id,	'name':	name,	'email':	email,	};	}}In	this	example,	UserModel	represents	a	user	entity	with	properties	for	id,	name,	and	email.It	includes	a	constructor	for	creating	UserModel	instances	from	JSON	data	and	a	method	for	serializing	UserModel	instances	to	JSON.6.	Integration	with	Data	LayerModels	are	used	by	data	sources
to	represent	the	data	retrieved	from	external	sources.They	may	be	transformed	into	domain	entities	by	data	mappers	before	being	passed	to	the	domain	layer.Models	provide	a	structured	representation	of	data	that	can	be	easily	manipulated	and	processed	within	the	data	layer,	facilitating	interactions	with	repositories	and	data	sources.By
encapsulating	data	within	structured	models,	Flutter	Clean	Architecture	promotes	separation	of	concerns	and	maintainability,	allowing	for	easier	management	and	manipulation	of	data	within	the	application.	Models	play	a	crucial	role	in	ensuring	data	integrity	and	consistency	across	different	layers	of	the	architecture.Domain	LayerIn	Flutter	Clean
Architecture,	The	Domain	Layer	represents	the	core	of	your	application,	containing	business	logic	and	rules	independent	of	any	external	framework	or	technology.	It	encapsulates	entities,	use	cases	(interactors),	and	repositoriesSubparts	of	the	Domain	Layer	and	Their	FunctionsEntities	represent	the	core	business	objects	or	concepts	in	your
application.	They	encapsulate	the	essential	data	and	behavior	that	define	the	business	domain.	Entities	are	independent	of	any	specific	framework,	database,	or	UI	technology,	making	them	highly	reusable	and	decoupled	from	external	dependencies.Layers	and	connection	using	EntitiesPlain	Dart	Classes:	Entities	are	typically	defined	as	plain	Dart
classes	without	any	dependencies	on	external	libraries	or	frameworks.Data	and	Behavior:	Entities	encapsulate	both	data	(attributes	or	properties)	and	behavior	(methods	or	functions)	relevant	to	the	domain	they	represent.Immutable	or	Mutable:	Entities	can	be	immutable	or	mutable,	depending	on	the	requirements	of	your	application.	Immutability
ensures	that	entities	remain	unchanged	once	created,	promoting	predictability	and	thread	safety.Identity:	Entities	often	have	a	unique	identity	that	distinguishes	them	from	other	entities.	This	identity	might	be	represented	by	a	unique	identifier	(e.g.,	ID	or	UUID)	or	a	combination	of	attributes.class	Task	{	final	String	id;	final	String	title;	final	bool
completed;	Task({required	this.id,	required	this.title,	this.completed	=	false});}Task	is	a	plain	Dart	class	representing	a	task	in	the	task	management	application.It	has	attributes	such	as	id,	title,	and	completed,	encapsulating	the	data	associated	with	a	task.The	constructor	initializes	the	attributes	of	the	task.2.	AdvantagesIsolation	of	Business	Logic:
Entities	encapsulate	the	business	logic	and	rules	associated	with	the	domain	objects.	This	ensures	that	the	core	business	logic	remains	centralized	within	the	domain	layer,	promoting	maintainability	and	reusabilityInteraction	with	Use	Cases:	Use	cases	(interactors)	within	the	domain	layer	operate	on	entities	to	perform	business	operations.	Use	cases
orchestrate	the	interactions	between	entities	to	achieve	specific	user	goals	or	features.Testability:	Entities	are	independent	of	external	dependencies,	making	them	easier	to	test	in	isolation	using	unit	tests.Flexibility	and	Evolvability:	Entities	provide	a	flexible	and	evolvable	foundation	for	the	application,	allowing	changes	to	the	business	rules	without
impacting	other	layers.Clean	Architecture	promotes	the	separation	of	concerns	and	the	dependency	rule,	which	states	that	inner	layers	should	not	depend	on	outer	layers.Entities	in	Clean	Architecture	adhere	to	these	principles	by	encapsulating	business	logic	and	remaining	isolated	from	external	dependencies.	This	ensures	that	the	core	business
logic	remains	independent,	reusable,	and	testable,	contributing	to	a	clean	and	maintainable	architectureUse	Cases1.	Definition	:	Use	cases	represent	the	specific	tasks	or	actions	that	the	application	can	perform.	Each	use	case	encapsulates	a	single	piece	of	functionality	that	the	user	or	system	can	trigger.	Use	cases	are	typically	driven	by	user	goals
or	system	requirements.2.	Business	Logic	Encapsulation:	Use	cases	encapsulate	the	business	logic	of	the	application.	They	define	how	data	is	processed,	transformed,	and	manipulated	to	fulfill	a	specific	task	or	requirement.	By	encapsulating	business	logic,	use	cases	promote	modularity,	reusability,	and	testability.3.	Single	Responsibility	Principle
(SRP):	Each	use	case	focuses	on	a	single	task	or	responsibility.	This	adherence	to	the	SRP	ensures	that	use	cases	remain	focused,	maintainable,	and	easy	to	understand.	It	also	enables	better	code	organization	and	reduces	the	risk	of	coupling	between	different	parts	of	the	system.Implementing	Use	Cases	in	Flutter	Clean	ArchitectureUse	Case
Classes:	In	Flutter	Clean	Architecture,	each	use	case	is	typically	represented	by	a	class	within	the	domain	layer.	These	classes	define	the	inputs,	outputs,	and	behavior	associated	with	a	specific	task	or	action.Input	and	Output	Data	Models:	Use	cases	define	input	and	output	data	models	that	represent	the	data	required	for	executing	the	task	and	the
result	produced	by	the	task,	respectively.	These	data	models	are	often	simple	Dart	classes	or	data	transfer	objects	(DTOs)	that	encapsulate	the	relevant	data	fields.Dependency	Inversion	Principle	(DIP):	Use	cases	depend	on	abstractions	rather	than	concrete	implementations	of	external	dependencies.	This	adherence	to	the	DIP	allows	use	cases	to
remain	decoupled	from	specific	implementation	details,	such	as	data	sources	or	external	services.	Dependencies	are	typically	injected	into	use	cases	via	constructor	parameters	or	method	arguments.Interactors	or	Interactor	Classes:	In	some	implementations,	use	cases	are	also	referred	to	as	interactors	or	interactor	classes.	These	terms	are	often
used	interchangeably	to	describe	the	classes	responsible	for	executing	specific	tasks	within	the	domain	layer.//	Here	is	usecase	abstract	classabstract	interface	class	Usecase	{	Future	call(Params	params);}class	NoParams	{}//	Usecase	class	of	UserLogin	implement's	Usecase	in	which	it	define	the//function	inside	the	usecases	which	need	to	be
defined	or	assignedclass	UserLogin	implements	Usecase	{	final	AuthRepository	authRepository;	UserLogin({required	this.authRepository});	@override	Future	call(UserLoginParams	params)	async	{	return	await	authRepository.loginWithEmailPassword(	email:	params.email,	password:	params.password);	}}//	where	loginWihtEmailPassword	is	stored
inside	repository	of	domain	layerclass	UserLoginParams	{	final	String	email;	final	String	password;	UserLoginParams({	required	this.email,	required	this.password,	});}//	Another	usecase	file	getting	currentUser;class	CurrentUser	implements	Usecase	{	final	AuthRepository	authRepository;	CurrentUser(this.authRepository);	@override	Future
call(NoParams	params)	async	{	return	await	authRepository.currentUser();	}}//	Domain	Layer	Repositoryabstract	interface	class	AuthRepository	{	Future	signUpWithEmailPassword({	required	String	name,	required	String	email,	required	String	password,	});	Future	loginWithEmailPassword({	required	String	email,	required	String	password,	});
Future	currentUser();}Use	Cases	play	a	crucial	role	in	maintaining	a	separation	of	concerns	and	enforcing	architectural	boundaries.	They	encapsulate	the	core	business	logic	of	the	application,	ensuring	that	it	remains	decoupled	from	external	concerns	such	as	UI	or	data	storage	mechanisms.By	adhering	to	the	principles	of	Clean	Architecture,	Use
Cases	promote	code	maintainability,	scalability,	and	testability,	ultimately	leading	to	a	robust	and	flexible	software	design.RepositoriesIn	Clean	Architecture,	the	Repository	pattern	is	a	key	component	of	the	Domain	Layer.	It	serves	as	an	interface	between	the	domain	layer	and	the	data	layer	(such	as	databases,	web	services,	or	local	storage).	The
main	purpose	of	the	repository	is	to	abstract	the	details	of	data	access	and	provide	a	clean	and	consistent	API	for	the	domain	layer	to	interact	with	the	data.CharacteristicsAbstraction	of	Data	Access:	Repositories	abstract	away	the	specific	details	of	how	data	is	stored	or	retrieved.	They	define	a	set	of	methods	for	performing	CRUD	(Create,	Read,
Update,	Delete)	operations	on	entities	without	exposing	the	underlying	data	sources.Single	Source	of	Truth:	Repositories	provide	a	centralized	location	for	managing	data	access	logic.	They	ensure	that	the	domain	layer	interacts	with	data	in	a	consistent	manner,	regardless	of	the	actual	data	source.Encapsulation	of	Business	Logic:	Repositories
encapsulate	the	logic	for	accessing	and	manipulating	data	within	the	domain	layer.	They	enforce	business	rules	and	constraints	related	to	data	access,	ensuring	data	integrity	and	consistency.Promotion	of	Testability:	By	abstracting	data	access	logic	behind	a	repository	interface,	it	becomes	easier	to	write	unit	tests	for	the	domain	layer.	Mock
implementations	can	be	used	during	testing	to	isolate	the	domain	logic	from	external	dependencies.ImplementationIn	a	Flutter	application	following	Clean	Architecture	principles,	the	repository	interfaces	are	defined	within	the	domain	layer.	These	interfaces	specify	the	contract	for	data	operations	that	the	domain	layer	requires.	The	actual
implementations	of	these	repositories	are	provided	by	the	data	layer.//	Auth	repository	defined	inside	domain	layerabstract	interface	class	AuthRepository	{	Future	signUpWithEmailPassword({	required	String	name,	required	String	email,	required	String	password,	});	Future	loginWithEmailPassword({	required	String	email,	required	String
password,	});	Future	currentUser();}//	Inside	data	Repositories	that	implements	the	domain	Repositoriesclass	AuthRepositoryImpl	implements	AuthRepository	{	final	AuthRemoteDataSource	remoteDataSource;	final	ConnectionChecker	connectionChecker;	AuthRepositoryImpl(this.remoteDataSource,	this.connectionChecker);	@override	Future
currentUser()	async	{	...	}	@override	Future	loginWithEmailPassword({	...	}	@override	Future	signUpWithEmailPassword({	...	}	Future	_getUser(Future	Function()	fn)	async	{	...	}}In	Clean	Architecture,	repositories	play	a	crucial	role	in	separating	domain	logic	from	data	access	concerns.	They	provide	a	clean	and	consistent	interface	for	interacting
with	data,	promoting	modularity,	testability,	and	maintainability	in	software	applications.	By	abstracting	away	the	specifics	of	data	sources,	repositories	enable	flexibility,	extensibility,	and	scalability	in	the	architecture.Presentation	LayerThe	presentation	layer	is	responsible	for	handling	the	user	interface	and	user	interactions.	In	the	context	of
Flutter,	the	presentation	layer	typically	consists	of	widgets,	screens,	and	UI	components.Subparts	of	the	Presentation	Layer	and	Their	FunctionsWidgets	represent	the	building	blocks	of	your	UI	in	Flutter.	You	can	organize	them	into	reusable	components	such	as	buttons,	text	inputs,	cards,	etc.	Widgets	should	be	focused	on	displaying	information	and
handling	user	interactions	but	should	not	contain	any	business	logic.PagesPages	are	higher-level	components	that	represent	a	full	UI	screen	or	page	in	your	app.	Each	screen	can	contain	multiple	widgets	and	is	responsible	for	arranging	them	to	create	the	desired	layout.	Pages	should	delegate	business	logic	to	the	corresponding	use	cases	in	the
domain	layer	and	should	not	contain	any	business	logic	themselves.Data	BindingData	Binding	Mechanisms:	Data	binding	mechanisms	allow	for	synchronizing	the	UI	with	underlying	data	changes.	In	Flutter,	this	can	be	achieved	using	frameworks	like	Provider,	Riverpod,	or	even	the	built-in	setState	method	for	state	management.Two-Way	Data
Binding:	Depending	on	the	framework	or	approach	used,	you	may	implement	two-way	data	binding	to	automatically	propagate	UI	changes	back	to	the	underlying	data	model.Dependency	Injection	(DI)DI	in	Presentation	Layer:	Dependency	Injection	is	used	to	provide	dependencies	such	as	use	cases,	repositories,	or	services	to	the	presentation	layer
components.	This	promotes	decoupling	and	makes	the	components	easier	to	test.Injecting	Dependencies:	Dependencies	are	typically	injected	into	ViewModels,	Presenters,	or	other	UI	components	using	DI	containers	or	service	locators.ViewModels	or	PresentersViewModels:	In	Flutter,	ViewModel	is	a	common	pattern	used	to	separate	the	UI	logic
from	the	UI	components	themselves.	ViewModels	contain	the	presentation	logic	and	state	management	code.	They	are	responsible	for	preparing	data	to	be	displayed	by	the	UI	and	handling	user	interactions.Presenters:	Alternatively,	you	may	use	the	Presenter	pattern,	which	follows	a	similar	concept	but	with	a	different	name.	Presenters	also	handle
UI	logic	and	are	responsible	for	updating	the	UI	based	on	changes	in	the	underlying	data/stateVisual	Representation	of	Clean	ArchitectureClean	Architecture	In	depthClean	Architecture,	popularized	by	Robert	C.	Martin	(Uncle	Bob),	is	a	design	approach	that	emphasizes	separating	software	systems	into	layers	with	clear	boundaries,	ensuring	that	the
business	logic	remains	independent	from	external	concerns	like	UI,	databases,	or	frameworks.	This	separation	allows	systems	to	be	more	maintainable,	testable,	and	scalable.	In	this	post,	well	explore	the	core	concepts	of	Clean	Architecture	and	demonstrate	how	they	can	be	applied	to	.NET	projects.	Core	Principles	of	Clean	Architecture1.	Separation
of	ConcernsClean	Architecture	promotes	a	clear	division	between	different	parts	of	an	application.	This	separation	is	often	achieved	by	organizing	the	code	into	layers.	Each	layer	has	a	specific	responsibility,	and	dependencies	between	them	should	flow	in	one	direction:	from	the	outer	layers	(infrastructure,	UI)	to	the	innermost	core	(business	logic).2.
Dependency	Inversion	Principle	(DIP)The	Dependency	Inversion	Principle	states	that	high-level	modules	should	not	depend	on	low-level	modules.	Both	should	depend	on	abstractions.	In	Clean	Architecture,	this	is	implemented	by	introducing	interfaces	and	Mediator	pattern	to	decouple	layers.Example:12345678910111213141516//	High-level
modulepublic	class	OrderService{	private	readonly	IOrderRepository	_orderRepository;	public	OrderService(IOrderRepository	orderRepository)	{	_orderRepository	=	orderRepository;	}	public	void	PlaceOrder(Order	order)	{	//	Business	logic	for	placing	an	order	_orderRepository.Save(order);	}}12345678//	Low-level	module	(implementation)public
class	SqlOrderRepository	:	IOrderRepository{	public	void	Save(Order	order)	{	//	Save	order	to	SQL	database	}}3.	EntitiesEntities	are	the	core	business	objects	that	have	a	distinct	identity	and	are	responsible	for	encapsulating	business	logic.	They	should	be	completely	isolated	from	external	services,	databases,	and	UI
concerns.Example:123456789public	class	Order{	public	Guid	Id	{	get;	set;	}	public	DateTime	OrderDate	{	get;	set;	}	public	Customer	Customer	{	get;	set;	}	public	List	Items	{	get;	set;	}	public	decimal	TotalAmount	=>	Items.Sum(item	=>	item.Price	*	item.Quantity);}4.	Use	Cases	(Application	layer)Use	cases	represent	the	application-specific	logic.
They	orchestrate	the	interaction	between	domain	entities	and	external	services	(like	repositories,	notifications,	or	external	APIs)	through	abstractions,	ensuring	they	remain	agnostic	to	the	implementation	details	of	these	external	services.Example:123456789101112131415161718public	class	PlaceOrderUseCase{	private	readonly	IOrderRepository
_orderRepository;	private	readonly	IPaymentService	_paymentService;	public	PlaceOrderUseCase(IOrderRepository	orderRepository,	IPaymentService	paymentService)	{	_orderRepository	=	orderRepository;	_paymentService	=	paymentService;	}	public	void	Execute(Order	order)	{	//	Business	logic	for	placing	an	order
_paymentService.ProcessPayment(order);	_orderRepository.Save(order);	}}5.	Interface	AdaptersInterface	adapters	are	responsible	for	converting	data	from	the	format	most	convenient	for	the	use	case	and	entities	to	the	format	needed	for	the	outer	layers	(UI,	database)	and	viceversa.	They	help	maintain	the	independence	of	the	core	business
logic.Example:123456public	class	OrderDto{	public	Guid	Id	{	get;	set;	}	public	DateTime	OrderDate	{	get;	set;	}	public	string	CustomerName	{	get;	set;	}}123456789public	OrderDto	ToOrderDto(Order	order){	return	new	OrderDto()	{	Id	=	order.Id,	OrderDate	=	order.OrderDate,	CustomerName	=	order.Customer.Name	};}The	outermost	layer	in
Clean	Architecture	consists	of	frameworks,	databases,	and	other	external	tools.	This	layer	should	not	contain	business	logic	but	rather	implement	the	interfaces	defined	by	the	inner	layers.Example:1234567public	class	SqlOrderRepository	:	IOrderRepository{	public	void	Save(Order	order)	{	//	Save	order	to	SQL	database	}}Layers	in	Clean
ArchitecturePresentationThe	Presentation	Layer	in	software	architecture	is	responsible	for	interacting	with	the	end	user.	It	handles	everything	related	to	the	user	interface	(UI),	including	rendering	views,	capturing	user	input,	and	sending	it	to	the	appropriate	use	cases	or	services	within	the	application.	It	includes	Controllers	and	Endpoints,	Views,
View-Models	and	User	Interactions.InfrastructureThe	Infrastructure	Layer	in	software	architecture	provides	the	technical	capabilities	and	services	needed	to	support	the	applications	operations.	It	serves	as	the	backbone	of	the	system,	handling	communication	with	external	systems,	data	storage,	and	other	lower-level	concerns	that	are	necessary	for
the	application	to	function	effectively.	It	includes	Data	Access,	External	services,	Messaging	brokers,	Logging	and	Monitoring.ApplicationThe	Application	Layer	in	software	architecture	encapsulates	the	application-specific	logic	and	serves	as	the	bridge	between	the	Presentation	Layer	and	the	Domain	Layer.	It	orchestrates	the	flow	of	data	and
commands,	ensuring	that	the	core	business	logic	is	executed	correctly	while	remaining	agnostic	to	the	details	of	user	interaction	and	data	persistence.	It	includes	Use	Cases	/	Mediator	Handlers,	Services,	Commands,	Queries,	Mappers,	and	interfaces	for	repositories	and	external	services	(which	are	implemented	in	the	Infrastructure
Layer).DomainThe	Domain	Layer	in	software	architecture	encapsulates	the	core	business	logic	and	rules	that	govern	the	applications	behavior.	It	represents	the	heart	of	the	application,	where	fundamental	entities	and	their	relationships	are	defined.	This	layer	is	focused	on	the	domain	model,	which	reflects	the	real-world	scenarios	that	the	application
aims	to	address.	It	includes	Entities,	Value	Objects,	Aggregates,	Domain	Services,	Domain	Events,	and	business	logic	classes	such	as	Specifications	and	Policies.Flow	of	DataIt	is	important	not	to	confuse	the	previous	diagram	showing	the	direction	of	dependencies	with	the	direction	of	data	flow.	While	dependencies	illustrate	how	different	layers	and
components	interact	with	one	another,	the	flow	of	data	emphasizes	how	information	moves	through	the	application	from	one	layer	to	another.	Benefits	of	Clean	ArchitectureMaintainability:	By	separating	concerns	and	decoupling	layers,	it	becomes	easier	to	maintain	and	extend	the	application	over	time.Testability:	Since	the	business	logic	is
decoupled	from	frameworks	and	external	dependencies,	its	easier	to	write	unit	tests	for	the	core	logic.Flexibility:	The	architecture	allows	you	to	switch	frameworks,	databases,	or	UI	layers	with	minimal	impact	on	the	core	business	logic.Challenges	of	Clean	ArchitectureComplexity:	For	smaller	projects,	the	additional	layers	and	abstractions	introduced
by	Clean	Architecture	may	feel	like	overkill.Learning	Curve:	Developers	unfamiliar	with	the	principles	of	Clean	Architecture	may	find	it	challenging	to	implement	initially.Relationship	with	SOLID	PrinciplesClean	Architecture	closely	aligns	with	the	SOLID	principles,	especially	the	Dependency	Inversion	Principle.	It	ensures	that	the	core	business	logic
is	protected	from	changes	in	the	outer	layers,	promoting	a	more	stable	and	flexible	system.ConclusionClean	Architecture	offers	a	structured	way	to	build	software	that	is	maintainable,	testable,	and	flexible.	While	it	introduces	complexity,	especially	for	smaller	projects,	the	benefits	for	large-scale	systems	make	it	a	powerful	design	approach.	By
applying	these	principles	in	.NET	projects,	you	can	create	systems	that	are	easier	to	maintain	and	extend	over	time.Want	more?Explore	Uncle	Bobs	book	Clean	Architecture:	A	Craftsmans	Guide	to	Software	Structure	and	Design	to	dive	deeper	into	the	principles	and	practices	of	Clean	Architecture.	Clean	Architecture	This	project	provides	a	robust
solution	using	Clean	Architecture,	along	with	other	patterns	such	as	CQRS	and	DDD.	Please	note	the	following	dependencies:
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