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Outline

• This	is	not	a	typical	ECSS	Symposium	talk.	
• Will	not	discuss	much	of	science,	more	of	a	
summary	of	process
– transition	from	ESRT	and	ESCC	projects	into	
ESSGW.

• Goal	is	to	provoke	thinking	to	cultivate	more	
gateways	from	ECSS	projects.	
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Phasta Science Gateway

• Large	Eddy	Simulations	of	Turbulent	Flow
– PI:	Mark	Shephard,	Cameron	Smith,	Rensselaer	
Polytechnic	Institute

• ESCSS	Consultants:
– Lei	Hang,	David	O'Neal,	Carlos	Rosales,	Raminder
Singh,	Suresh	Marru
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Science Use Case: PHASTA
• One	of	the	challenges	in	studying	turbulent	flows	is	the	multiscale	

nature	of	turbulence.
– Direct	Numerical	Simulation	(DNS)	resolves	turbulent	flow	structures	

up	to	dissipation	scale,	but	is	not	practical	with	current	HPC	resources	
on	engineering	problems	of	interest.

• Large	Eddy	Simulation	(LES)	is	a	powerful	tool	which	is	capable	of	
accurately	resolving	and	modeling	turbulence	at	a	reasonable	cost.
– LES	resolves	those	flow	features	that	can	be	captured	by	the	numerical	

discretization/grid	while	modeling	their	interactions	with	the	
unresolved	(subgrid scale)	flow	features.

– To	account	for	inhomogeneous	flows,	Lagrangian-averaged	dynamic	
Smagorinskymodel	is	employed	in	stabilized	finite	element	
simulation.

• Example	case:	Flow	over	Aerospatiale-A	airfoil
– Static	angle	of	attack	13°,	Reynolds	number	2,000,000
– Flow	transitions	to	a	turbulent	flow	and	exhibits	marginal	flow	

separation	near	the	trailing	edge



• Flow	over	Aerospatiale-A	airfoil
– Static	angle	of	attack:	13°
– Reynolds	number:	2,000,000
– Large	Eddy	Simulation	(LES)

• Lagrangian-averaged	dynamic	Smagorinsky model	is	employed	
in	stabilized	finite	element	simulation

• Flow	transitions	to	a	turbulent	flow	and	exhibits	marginal	flow	
separation	near	the	trailing	edge



PHASTA	team	uses	
Apache	Airavata	and	the	
PGA	to	run	simulations	
on	TACC’s	Stampede.

Apache	Airavata	manages	
multi-stepped	workflow,	
multiple	code	versions.



Example Phasta Gateway Tasks

• Build	a	gateway	for	PHASTA	application
• Enable	auto-scheduling	to	run	120	hour	job	on	
stampede
– Application	checkpoints	very	well,	so	split	that	
into	multiple	jobs	with	48	hours	each	and	run	
them	in	sequence.

• Users	want	to	use	their	own	version	of	Phasta
– Enabled	through	gateway	application	abstractions
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Vortex Shedding Simulation Gateway

• PI:	Arne	J.	Pearlstein,	UIUC
• ECSS	Consultants:	

– Sudhakar Pamidighantam,	Mark	Vanmoer
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Next generation XSEDE Resources

• Science	Gateways	and	Cloud	Research	on	
Jetstream
– Prof.	Madhusudhan Govindaraju
– State	University	of	New	York	Binghamton

sgg@iu.edu
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Preparing for Bridges

• Transcriptome	Assembly	and	Evaluation,	using	
Sequencing	Quality	Control	(SEQC)	Data
– PI:	Noushin Ghaffari,	Texas	A&M	University

• Started	on	Backlight,	brief	work	on	Greenfield
• Waiting	on	Bridges
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Apache Airavata: Enabling Science 
with Science Gateways

ECSS Projects Leveraging from and 
Contributing to Airavata



“Apache”	Means	“Open”

• Join	the	Airavata	developer	mailing	list,	get	
involved,	submit	patches,	contribute.

sgg@iu.edu

Use Give Back



Airavata: Multi-Tentanted Gateway Middeware

• External clients interact with Airavata API (based on Apache Thrift).

• Internally, components interact with each other through Component 
Programming Interfaces (thrift based CPIs).



Airavata Overview

• Airavata	is	a	general	purpose	distributed	system	
software	framework	build	on	micro-service	and	
component	based	architecture	principles.	

• Airavata	provides	capabilities	to	compose,	
manage,	execute	and	monitor	large	scale	
applications	and	workflows	on	distributed	
computing	resources.

• Airavata	supports	executions	on	local	clusters,	
national	grids,	academic	and	commercial	clouds.	

• Airavata	is	inherently	multi-tenanted.



Airavata as a Science Gateway Middleware

• Airavata	is	dominantly	used	to	build	science	
gateways.

• Airavata	supports	secured	communications	to	
HPC	resources	and	empowers	gateway	
operators	to	administer	and	monitor	long	
running	executions.	

• A	reference	PHP	based	gateway	is	provided	to	
illustrate	the	Airavata	capabilities	and	can	be	
used	to	customize	science-centric	gateways



Reference Gateway <-> Airavata Services



SciGaP – Powered by Airavata

• Science	Gateway	Platform	as	a	Service	(SciGaP)	
provides	application	programmer	interfaces	
(APIs)	to	hosted	generic	infrastructure	services	
that	can	be	used	by	domain	science	communities	
to	create	Science	Gateways.

• SciGaP	hosted	service	platform	is	powered	by	
Apache	Airavata.	

• SciGaP	helps	gateway	developers	to	concentrate	
their	efforts	on	building	their	scientific	
communities	and	not	worry	about	operations.



Scale	number	of	
gateways	without	
having	to	scale	
FTE’s	needed	to	
support	them

SciGaP Key Mission



Challenges for Gateways
• Providing	a	rich	user	experience	
• Defining	an	API	for	the	application	server
• Defining	the	right	sub-components	for	the	application	

server.
• Implementing	the	components,	wiring	them	together	

correctly.
• Supporting	multiple	gateway	tenants
• Fault	tolerance	for	components
• State	management
• Continuous	delivery
• Security	management
• Supporting	full	scientific	exploratory	cycle



Colaboration between SNU bioinformatic
institute and IU Airavata group
• SNU	Bioinformatic institute	devloped BioVLAB-
MMIA-NGS	system	to	solve	biological	problem	on	
miRNA mRNA	interaction

• Main	infrastructure	of	BioVLAB-MMIA-NGS	based	
on	Apache	Airavata developed	by	IU

• SNU	takes	role	of	developed,	maintain	the	system	
and	handling	users’	requrests,	and	in	
colaboration with	IU	Airavata group,	main	
functionalities	of	Apache	Airavata infrastructure	
is	improving	with	considering	the	requests.



miRNA mRNA Integrated Analysis 
(MMIA) and system novelty

• miRNA controls	mRNA	expression	by	targeting	/	sequence	pairing	
• Biological	meaning	of	MMIA

– MiRNAs have	been	known	to	play	critical	roles	in	gene	regulation
– miRNA targeting	causes	differential	expression	of	genes,	and	aberrant	expressed	genes	have	

disease	 association				
– Integrated	analysis	between	miRNAs and	mRNA	has	potential	to	reveal	biological	relationships	

between	miRNA expression	 and	their	targeting	mRNA	expression	 changes,	and	eventually	their	
biological	meaning

• System	novelty
– Handling	RNA-seq /	microarray	data	
– Integrated	analysis	of	miRNA and	targeted	mRNA
– Integrated	with	computational	resources	(Amazon	Cloud,	Super	

computer)
– Support	additional	research	by	providing	JAWS	based	application	

such	as	IGV,	Cytoscape



BioVLab-
MMIA-NGS 
Result

� miRNA mRNA	targeting	
result	as	well	as	various	
statistical	 result	will	be	
delivered	to	user

� Network	analysis
� Alignment	navigation
� Gene	set	analysis
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Ultrascan Science Gateway

• Analytical	Ultracentrifugation	Data	Analysis	
– Borries	Demeler
– University	of	Texas	Health	Science	Center,	San	
Antonio
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Revolution in Ultracentrifugation
• New	multi-
wavelength	
instruments	
producing	100’s	of	
times	more	data.
– Unprecedented	
accuracy

– New	science

• Supercomputers	
needed	to	do	the	
analysis.



The UltraScan science gateway 
enables experimental scientists to 
their analyze data on 
supercomputers.

Desktop	analysis	tools	
are	integrated	with	the	
Web	portal.	

Launch	analysis	
and	monitor	
through	 a	
browser

UltraScan uses Apache 
Airavata for managing 
analyses on HPCs 
across the world.



World wide deployments (not just users)

• University	of	Texas	Health	Science	Center	at	
San	Antonio	
– Uses	Local	cluster	(Alamo),	Texas	(Lonestar),	
XSEDE	(Comet,	Stampede,	Gordon,	Quarry)

• Juliech Supercomputing	Center,	Germany
• Indian	Institute	of	Sciences,	Bangalore,	India
• La	Trobe	University,	Australia	
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More gateway Talks:

• gateways@xsede.orgMailing	List
• Send	email	to	majordomo@xsede.org

– with	"subscribe	gateways"	in	the	body	of	the	
message
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