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Acid	transactions	are	one	of	the	most	used	software	engineering	techniques,	AÃ,	160;	cornerstone	of	þ~	160;	Relational	databases,	and	an	integral	part	of	the	middleware	company	where	transactions	are	often	offered	as	primitive	black	box.	Despite	all	these	and	many	other	cases,	the	old-fashioned	approach	to	transactions	cannot	be	maintained	in	a
variety	of	modern	large-scale	systems	and	NOSQL	storage	due	to	high	performance	needs,	data	volumes	and	availability.	In	such	cases,	traditional	transactions	are	rarely	replaced	by	a	personalized	model	that	presupposes	the	implementation	of	transactions	in	194;	160;	or	semitransionation	operations	at	the	top	of	units	that	are	not	transactions
alone;	1940;	160;	In	this	post	we	take	into	consideration	the	implementation	of	transactions	transactions	without	blocking	at	the	top	of	194;	160;	Key-Value	Storage,	although	these	techniques	are	generic	and	can	be	used	in	any	system	similar	to	databases.	In	GridDynamics,	we	recently	used	some	of	these	techniques	to	implement	a	slight	non-
standard	transaction	on	the	top	of	Oracle	Coherce.	In	the	first	section	we	take	a	look	at	two	simple	approaches	that	adapt	to	which19;	160;	IMPORTANT	194;	160;	Use	houses,	in	the	second	section	we	study	a	more	generic	approach	that	resembles	PostgreSQL226;	128;	S	MVCC	implementation.	Atomic	cache	Switching,	Read	ã,	160;	Commoved	Ã,
160;	Isolation	LetÃ	¢	ôs	start	with	simple	and	easy	techniques	from	implement	areas	that	are	intended	for	relatively	rare	updates	in	reading	systems,	for	example,	recharging	daily	data	in	ecommerce	systems,	administrative	operations	such	as	repair	of	invalid	objects,	or	Refresh	Cache.	The	most	trivial	case	is	to	recharge	all	the	data	in	the	cache	(or
in	the	key	space).	Take	the	cache	interface	with	a	proxy	that	intercepts	all	the	cache	operations	like	GET	()	or	PUT	().	This	proxy	is	supported	by	two	caches,	ie	and	B,	and	works	according	to	the	following	simple	logic	(Fig.1):	at	any	time,	only	one	cache	is	active	and	proxy	all	user	requests	to	it	(Fig.1.1)	Update	process	loading	new	data	Inactive	cache
(Fig.1.2)	refractive	process	moves	a	global	flag	shared	by	all	proxies	participating	in	refreshment	and	this	flag	â	160;	defines	which	cache	is	active	(Fig.1.3).	Proxy	starts	sending	all	new	read	transactions	to	the	new	active	cache.	operations	under	way	at	the	time	of	1994;160;	switching	can	be	managed	in	194;	160;	different(194;160depending	on	the
required	level	of	consistency	and	isolation.	if	unrepeatable	reads	are	acceptable	(some	operations	can	read	data	in	part	from	the	old	state	and	in	part	from	the	new)	then	the	switch	is	simple	and	the	old	data	can	be	cleaned	immediately.	Otherwise,	the	proxy	should	maintain	a	list	of	active	operations	and	route	each	to	the	cache	initially	assigned.	old
data	can	only	be	purified	when	all	related	transactions	have	been	committed	or	interrupted.	Fig.1	cache	switch	the	similar	technique	can	be	oata	for	partial	updates.	can	be	implemented	in	194;	160;	differently	depends	on	194;	160;	according	to	194;	160;	storage,we	want	a	simple	three-cache	strategy.	the	picture	is	similar	to	the	previous	one,	but	the
proxy	acts	in	the	following	way	(Fig.2):	user	requests	are	addressed	to	the	new	and	updated	cache	primary	(Fig.2.1)	are	loaded	in	the	cache	again,	the	keys	of	the	deleted	items	are	stored	in	the	deleted	cache	â	(Fig.2.2)	the	process	of	comm	begins	with	the	switching	of	the	global	flag.	This	flag	instructs	proxies	to	search	for	new	and	deleted	cache
keys	before	and,	if	you	do	not	find,	search	for	the	same	key	in	the	primary	cache	(Fig.2.3).	in	other	words,	all	user	requests	have	changed	to	new	data	at	this	stage.	the	process	of	engagement	begins	to	propagate	changes	from	new	and	deleted	cache	to	the	primary	cache,	i.e.	replace/add/remove	elements	in	the	primary	cache	one	by	one	in	a	non-
atomic	wayFinally,	the	commit	process	returns	the	global	flag	and	requests	are	routed	to	the	PRIMARY	cache	(Fig.2.5).	Old	data	can	be	copied	to	another	cache	during	step	4	to	provide	rollback	capability.	Ongoing	operations	be	managed	as	for	complete	refreshments.	Fig.2	Partial	Cache	Switch	So,	from	the	examples	above,	we	can	conclude	that
attaching	the	read	transactions	to	the	instant	of	the	data	and	avoiding	interference	from	the	commitment	of	the	update	transactions	is	one	of	the	main	sources	of	complexity.	This	is	obviously	a	case	for	intensive	writing	environments.	In	the	next	section	we	consider	very	powerful	technique	that	helps	to	solve	this	problem	gracefully.	MVCC
transactions,	the	isolation	of	the	read-only	isolation	between	transactions	can	be	achieved	using	the	version	of	separate	elements	in	Key-Value	space.	There	are	several	ways	to	implement	this	technique,	here	we	discuss	an	approach	that	is	very	similar	to	how	PostgreSQL	handles	transactions.	As	was	said	in	the	previous	section,	each	transaction
should	be	attached	to	a	particular	snapshot	of	the	data	that	is	a	set	of	elements	in	the	cache.	At	the	same	time,	each	element	has	its	own	life	span	from	the	moment	it	was	added	to	the	cache	until	it	was	removed	or	updated,	i.e.	replaced	by	a	new	version.	Thus,	isolation	can	be	achieved	by	marking	each	item	two	timbers	of	time,	each	transaction
within	its	starting	time,	and	the	control	that	the	transaction	sees	only	elements	that	were	alive	at	the	time	of	the	transaction	has	begun.	In	practice,	of	course,	global	monotonous	increasing	meters	are	usually	used	instead	of	time	stamps.	More	formally:	When	a	new	transaction	is	initiated,	it	is	associated	with:	its	Transaction	ID	or	XID	which	is	unique
for	each	transaction	and	grows	monotonously.	A	XID	list	of	all	current	transactions.	Each	element	in	the	cache	is	marked	with	two	values,	xmin	and	xmax.	The	values	are	assigned	as	follows:	When	the	element	is	created	by	a	certain	transaction,	xmin	is	set	to	XID	of	transaction,	xmax	is	empty.	When	the	item	is	removed	from	a	certain	transaction,
xmin	is	not	changed,	xmax	is	set	to	XID.	The	item	is	not	actually	removed	from	the	cache,	it	is	simply	marked	as	deleted.	When	the	item	is	updated	by	some	some	some	the	old	version	is	stored	in	the	cache,	it	is	160xmax	fixed	to	XID;	new	version	is	inserted	with	xmin=XID	and	xmax	empty.	In	other	words,	this	is	equivalent	to	removing	+	insert.	The
goods	are	visible	for	operation	with	XID	=	txide	160;	if	the	following	two	statements	are	true:	xmin	is	a	XID	of	the	committed	operation	and	160xmin	is	less	than	or	equal	to	txid	xmax	is	empty,	or	XID	of	the	non-committed	(aborted	or	ongoing)	transaction;	Oro	160;	Each	xmin	and	xmax	can	store	two	bit	flags	indicating	where	the	operation	was
interrupted	or	committed	to	perform	the	controls	described	in	the	previous	point.	This194?	160?	The	logic	is	illustrated	in	the	following	graphics:	Fig.3	PostgeSQL-like	MVCC	The	disadvantage	of	this	approach	is	a	rather	complex	procedure	of	removing	outdated	versions.	Because	©	different	operations	will	have	visibility	to	different	elements	and
versions,	it	is	not	easy	to	determine	a	time	when	a	particular	version	becomes	invisible	and	can	be	deleted.	There	are	at	least	two	different	techniques	to	do	this,	the	first	is	used	in	PostgreSQL,	the	second	in	the	Oracle	Database:	160;	All	versions	are	stored	in	the	same	key	value	space	and	there	is	no	fixed	limit	on	how	many	versions	can	be
maintained.	The	old	versions	are	collected	from	a	background	160;	the	process	being	carried	out	160;	continuous,	by	program,	or	triggered	by	reading	or	writing.	The	primary	key	space	stores	only	the	latest	versions,	the	previous	versions	are	stored	in	another	fixed-size	repository.	The	latest	versions	have	references	to	previous	versions	and	a
particular	version	can	be	traced	from	transactions	that	require	them.	Poiche.	©	the	storage	size	is	limited,	the	oldest	versions	can	be	removed	to	the	free	space	for	the	article.	If	a	transaction	is	unable	to	find	a	requested	version,	it	fails.	Fails.
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