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AdapIve	Cloud	Environments	

•  Cloud	compuIng	supports	construcIon	of	customized	

adaptable	environments	

•  A	cloud	environment	is	a	set	of	cloud	services	

provisioned	for	running	an	applicaIon	

2	

“Cloud	compuIng	is	a	model	for	enabling	ubiquitous,	convenient,	on-

demand	network	access	to	a	shared	pool	of	configurable	compuIng	

resources	(e.g.,	networks,	servers,	storage,	applicaIons,	and	services)	

that	 can	 be	 rapidly	 provisioned	 and	 released	 with	 minimal	
management	effort	or	service	provider	interacJon.”[1]	

[1]	P.	Mell	and	T.	Grance,	“The	NIST	definiIon	of	cloud	compuIng,”	Computer	Security	Division,	

InformaIon	Technology	Laboratory,	NaIonal	InsItute	of	Standards	and	Technology,	Tech.	Rep.,	2011.	
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Cloud	Providers	ConfiguraIon	Variability	

•  Wide	range	of	configurable	cloud	services	

•  Complex	configuraIon	rules	and	constraints	

3	



SEAMS	2017	–	Buenos	Aires,	May	23,	2017	

SPLs	for	Automated	Cloud	ConfiguraIon	

4	

A.	Ferreira	Leite	et	al.	(2015)	AutomaIng	Resource	

SelecIon	and	ConfiguraIon	in	Inter-clouds	through	a	SPL		

method.	

C.	Quinton	et	al.	(2016)	SALOON:	a	plaaorm	for	

selecIng	and	configuring	cloud	environments.	

J.	García-Galán	et	al.	(2016)	Automated	ConfiguraIon	Support	

for	Infrastructure	MigraIon	to	the	Cloud.	
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Dynamic	SoGware	Product	Lines	

•  High	variability	with	adapJve	capabiliJes	

5	
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Dynamic	SoGware	Product	Lines	

•  High	variability	with	adapJve	capabiliJes	

•  DSPL	vs	SPL	
– Features	can	be	(re)bound	at	runIme	

– AdapIve	system	vs	systems	family	

– Variability	model	central	to	both	
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Dynamic	SoGware	Product	Lines	

•  High	variability	with	adapJve	capabiliJes	

•  DSPL	vs	SPL	
– Features	can	be	(re)bound	at	runIme	

– AdapIve	system	vs	systems	family	

– Variability	model	central	to	both	

•  AdaptaIon	in	DSPLs	
– A	context	change	is	mapped	to	a	request	to	include	or	exclude	

a	set	of	features	from	the	current	configuraIon	

– SPL	analysis	is	used	to	derive	valid	configuraIons	

7	
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Cloud	CompuIng	Environment	

•  ReconfiguraIon	mechanisms	are	provider-dependent	

and	heterogeneous	

– May	depend	on	iniIal	or	previous	configuraIons	

– AlternaIve	ways	to	reconfigure	

•  Compliance	to	variability	model	is	not	enough	

– Does	not	ensure	valid	and	safe	reconfiguraIons	

8	
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MoIvaIng	Example	
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MoIvaIng	Example	
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MoIvaIng	Example	

11	



SEAMS	2017	–	Buenos	Aires,	May	23,	2017	

MoIvaIng	Example	
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MySQL	plan	can	only	be	upgraded	

heps://devcenter.heroku.com/arIcles/cleardb#upgrading-your-cleardb-database	
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MoIvaIng	Example	

13	

Heroku	Postgres	plan	change	
-	PG	Copy	or		Follower	Changeover	

heps://devcenter.heroku.com/arIcles/upgrading-heroku-postgres-databases	
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MoIvaIng	Example	

14	

Changing	the	framework	requires	
restarJng	the	applicaJon	

heps://devcenter.heroku.com/arIcles/buildpacks#sehng-a-buildpack-on-an-applicaIon	
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MoIvaIng	Example	

15	
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LimitaIons	in	DSPLs	

•  Seminal	works	on	DSPLs	highlight	the	need	for	validaIng	

transiIons	between	system	configuraIons	

– systems	should	evolve	through	safe	migraIon	paths[6]	

– dynamic	constraints	on	allowed	transiIons	must	be	

considered[7]	

•  ValidaIon	is	mostly	limited	to	compliance	to	a	variability	

model	

16	16	

[6]	B.	Morin,	O.	Barais,	J.	M.	Jezequel,	F.	Fleurey,	and	A.	Solberg,	“Models@run.Ime	to	support	dynamic	

adaptaIon,”	Computer,	vol.	42,	no.	10,	pp.	44–51,	Oct	2009.	
[7]	A.	Hubaux	and	P.	Heymans,	“On	the	evaluaIon	and	improvement	of	feature-based	configuraIon	techniques	

in	soGware	product	lines,”	in	Proc.	31st	Int.	Conf.	SoGware	Engineering	(ICSE’09),	Vancouver,	Canada,	May	

2009,	pp.	367–370.	
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Problem	statement	

•  How	to	model	constraints	over	the	adaptaIon	behavior?	

– Temporal	dependencies	between	features	and	reconfiguraIon	

operaIons	

•  How	to	reason	over	a	variability	model	with	

reconfiguraIon	constraints	to	find	reconfiguraIons	that	

meet	a	given	criteria?	

– e.g.	reduced	downIme	or	costs	

17	
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Proposed	approach	

•  Combine	variability	models	with	temporal	constraints	
and	reconfiguraJon	operaJons	
– Leverage	concepts	and	soluIons	from	model	checking	

18	

Move	compromise		
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Feature	Models	and	TransiIon	Systems	

•  Feature	model		

–  					is	the	set	of	features	
–  			

19	
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DSPLs	as	TransiIon	Systems	

20	

“A	DSPL’s	execu.on	can	be	abstracted	as	a	highly	connected	state	
machine	where	the	states	are	the	possible	system	configura.ons	
and	the	transi.ons	the	migra.on	paths.”[6]	

[6]	B.	Morin,	O.	Barais,	J.	M.	Jezequel,	F.	Fleurey,	and	A.	Solberg,	“Models@run.Ime	to	support	dynamic	

adaptaIon,”	Computer,	vol.	42,	no.	10,	pp.	44–51,	Oct	2009.	
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DSPLs	as	TransiIon	Systems	

21	
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Temporal	properIes	

•  A	temporal	property	defines	a	condiIon	over	the	

execuIons	of	a	transiIon	system	

– ExecuIon:		

	 	 																									is	a	transiIon	

– A	property	is	a	set	execuIons	

– A	system	exhibits	a	property	if	all	its	execuIons	are	part	of	the	

property	set		

22	
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Feature	Models	and	TransiIon	Systems	

•  Feature	model	

•  TransiIon	system	

–  																				,																						,																	,	

23	
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Temporal	properIes	

•  A	temporal	property	is	a	condiIon	over	the	execuIons	

of	a	transiIon	system	

24	
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Temporal	properIes	

•  A	temporal	property	is	a	condiIon	over	the	execuIons	

of	a	transiIon	system	

25	
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Linear	Temporal	Logic	(LTL)	

•  Defines	temporal	properIes	over	transiIon	systems	

•  Combines	proposiIonal	logic	with	temporal	operators	

(always,	eventually,	unIl)	

–  		 	 	 	 	 	 	 //	always	A	

–  		 	 	 	 	 	 	 //	always	(M2	is	not	followed	by	M1)	

–  		 	 	 	 	 	 	 //	aGer	M2,	M1	is	not	allowed	

26	
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DSPL	with	temporal	properIes	
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DSPL	with	temporal	properIes	
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ReconfiguraIon	operaIons	

•  Doubly	labeled	transiIon	systems[22]		

29	

{OP1}	

{OP2,	

OP3}	

[22]	M.	H.	ter	Beek	et	al.,	“An	AcIon/State-Based	Model-Checking	Approach	for	the	Analysis	of	

CommunicaIon	Protocols	for	Service-Oriented	ApplicaIons,”	in	Proc.	12th	Int.	Workshop	Formal	

Methods	for	Industrial	CriIcal	Systems	(FMICS’07),	Berlin,	Germany,	Jul.	2008,	pp.	133–148.	
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ReconfiguraIon	operaIons	

•  Doubly	labeled	transiIon	systems[22]	

–  		
–  								is	the	set	of	reconfiguraIon	operaIons	in	the	DSPL	
–  		

30	

{OP1}	

{OP2,	

OP3}	

[22]	M.	H.	ter	Beek	et	al.,	“An	AcIon/State-Based	Model-Checking	Approach	for	the	Analysis	of	

CommunicaIon	Protocols	for	Service-Oriented	ApplicaIons,”	in	Proc.	12th	Int.	Workshop	Formal	

Methods	for	Industrial	CriIcal	Systems	(FMICS’07),	Berlin,	Germany,	Jul.	2008,	pp.	133–148.	
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State/Event	LTL	

•  SE-LTL	can	express	temporal	expressions	over	state	and	

transiIon	labels[23]			

– Can	combine	reconfiguraIon	operaIons	and	features	in	

temporal	constraints	

31	

[23]	S.	Chaki	et	al.	“State/Event-Based	SoGware	Model	Checking,”	in	Proc.	4th	Int.	Conf.	Integrated	Formal	

Methods	(IFM’04),	Canterbury,	UK,	Apr.	2004,	pp.	128–147.	
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ReconfiguraIon	operaIons	

32	
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Examples	

•  Cannot	downgrade	MySQL	plan	

–  [](M2	->	!<>M1)	

–  [](M3	->	!<>(M1	|	M2))	

–  [](M4	->	!<>(M1	|	M2	|	M3))	

–  [](Change(ClearDBMySQL)	->	UpgradeClearDB)	

•  Upgrade	PostgreSQL	
–  [](Change(HerokuPostgres)	&	(H1	|	H2)	->	PGCopy)	
–  [](Change(HerokuPostgres)	->	(PGCopy	|	FollowerChangeover))	

•  Change	LocaIon	
–  [](Change(LocaIon)	->	MigrateApp)	

33	
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Problem	statement	

•  How	to	model	constraints	over	the	adaptaIon	behavior?	

– Temporal	dependencies	between	features	and	reconfiguraIon	

operaIons	

•  How	to	reason	over	a	variability	model	with	

reconfiguraIon	constraints	to	find	reconfiguraIons	that	

meet	a	given	criteria?	

– e.g.	reduced	downIme	or	costs	

34	
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Reasoning	

•  ReconfiguraIon	request	
– Features	to	be	included/excluded	

35	
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Reasoning	

•  ReconfiguraIon	request	
– Features	to	be	included/excluded	

•  Cost-based	constraints	
– ReconfiguraIon	Ime,	downIme,	financial	cost,	etc	

36	
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Reasoning	

•  ReconfiguraIon	query:	
–  		 :	features	to	include	
–  		 :	features	to	exclude	
–  		 :	constraint	over	costs	

•  Example	query:	

37	

{OP1}	

{OP2,	

OP3}	
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Symbolic	RepresentaIon	

•  Building	the	transiIon	system	for	a	feature	model	can	

be	unfeasible	

– State-explosion	problem	

•  Represent	a	transiIon	system	as	a	proposiIonal	formula	

– Use	SAT	solver	to	solve	reconfiguraIon	queries		
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•  Feature	models[25]	and	SE-LTL	expressions[27]	can	be	

represented	as	proposiIonal	formulas	

–  					and							represent	the	set	of	possible	source	and	target	
states	(configuraIons	of	the	feature	model	M)	

–  				is	the	conjuncIon	of	LTL	expressions	
–  			represents	the	current	state	
–  			represents	the	reconfiguraIon	query	(pseudo-boolean	
encoding)	

Symbolic	RepresentaIon	

39	

[25]	D.	Batory,	“Feature	Models,	Grammars,	and	ProposiIonal	Formulas,”	in	Proc.	9th	Int.	Conf.	SoGware	Product	Lines	(SPLC’05),	

Rennes,	France,	Sep.	2005,	pp.	7–20.	
[27]	A.	Cimah,	M.	Pistore,	M.	Roveri,	and	R.	SebasIani,	“Improving	the	Encoding	of	LTL	Model	Checking	into	SAT,”	in	Proc.	3rd	Int.	

Workshop	Model	Checking	and	Abstract	InterpretaIon	(VMCAI’02),	Venice,	Italy,	Jan.	2002,	pp.	196–207.	
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Problem	statement	

•  How	to	model	constraints	over	the	adaptaIon	behavior?	

– Temporal	dependencies	between	features	and	reconfiguraIon	

operaIons	

•  How	to	reason	over	a	variability	model	with	

reconfiguraIon	constraints	to	find	reconfiguraIons	that	

meet	a	given	criteria?	

– e.g.	reduced	downIme	or	costs	

40	
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EvaluaIon	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	
–  feasibility	for	modeling	reconfiguraIon	constraints	

–  performance	of	reasoning	

42	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	

•  Feature	Model	extracted	from	documentaIon	
–  7	available	regions,	11	programming	frameworks,	6	container	sizes	

–  reconfiguraIon	constraints	
–  161	addon	services	(data	storage,	networking,	security,	…)	
–  1036	features,	134	cross-tree	constraints,	124	temporal	constraints	

43	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	

•  Feature	Model	extracted	from	documentaIon	

•  Simulate	context	changes	
–  4	adaptaIon	scenarios	
–  5	reconfiguraIon	queries		
–  3	uIlizaIon	profiles	
–  12	execuIons	

44	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	

•  Feature	Model	extracted	from	documentaIon	

•  Simulate	context	changes	

•  AdaptaIon	scenarios	
–  Change	in	database	size	requires	new	database	plan	
–  Request	for	a	new	feature	not	available	in	current	region	
–  Change	in	programming	framework	and	database	

–  Scaling	up	applicaIon	container	

45	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	

•  Feature	Model	extracted	from	documentaIon	

•  Simulate	context	changes	

•  AdaptaIon	scenarios	

•  ReconfiguraIon	queries	
– No	constraints	
–  Constraints	over	price	
–  Constraints	over	downIme/price	

– OpImize	on	price	

– OpImize	on	downIme/price	

46	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	

•  Feature	Model	extracted	from	documentaIon	

•  Simulate	context	changes	

•  AdaptaIon	scenarios	

•  ReconfiguraIon	queries	

•  ApplicaIon	uIlizaIon	profiles	
–  Database	size,	applicaIon	size,	startup	Ime,	etc…	

47	
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EvaluaIon	

•  Case	study	on	Heroku	PaaS	

•  Feature	Model	extracted	from	documentaIon	

•  Simulate	context	changes	

•  AdaptaIon	scenarios	

•  ReconfiguraIon	queries	

•  ApplicaIon	uIlizaIon	profiles	
–  DBSize:	10GB,	AppSize:	100	MB,	AppStartUp:	15	

–  DBSize:	100GB,	AppSize:	200	MB,	AppStartUp:	30s	

–  DBSize:	2TB,	AppSize:	500	MB,	AppStartUp:	60s	

48	



SEAMS	2017	–	Buenos	Aires,	May	23,	2017	

Results	

49	



SEAMS	2017	–	Buenos	Aires,	May	23,	2017	

Results	
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Results	
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Results	

•  Temporal	constraints	enhance	modeling	of	DSPLs	

– Compact	notaIon	for	constraints	over	transiIons	

– Support	for	reasoning	over	reconfiguraIon	operaIons	

•  Performance	is	acceptable	in	the	cloud	context	

–  ImplementaIon	can	be	improved		

•  Threats	to	validity	
– Case	study	is	not	exhausIve	and	considers	only	cloud	
compuIng	

52	
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Conclusion	&	PerspecIves	

•  Temporal	constraints	in	DSPL	

– Beeer	modeling	of	adapIve	behavior	

– Reasoning	over	adaptaIon	alternaIves	

•  Cardinality-based	feature	models	

•  MulI-cloud	environment	adaptaIon	

53	
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Conclusion	&	PerspecIves	

•  Temporal	constraints	in	DSPL	

– Beeer	modeling	of	adapIve	behavior	

– Reasoning	over	adaptaIon	alternaIves	

•  Cardinality-based	feature	models	

•  MulI-cloud	environment	adaptaIon	
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QuesIons	

Gustavo	Sousa	
gustavo.sousa@inria.fr	

More	informaIon	

h[p://researchers.lille.inria.fr/sousa/seams2017/	
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