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2	  Science	  Gateways	  

• 	  In	  the	  middle	  of	  nowhere	  of	  northern	  Indiana	  	  
	  (1.5	  h	  to	  Chicago)	  
• 	  4	  undergraduate	  colleges	  	  
• 	  ~35	  research	  ins=tutes	  
	  and	  centers	  
• 	  ~12,000	  students	  
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3	  Science	  Gateways	  

• 	  SoUware	  development	  and	  profiling	  
• 	  Cyberinfrastructure/science	  gateway	  development	  
• 	  Geographical	  Informa=on	  Systems	  
• 	  Visualiza=on	  Support	  
• 	  Computa=onal	  Scien=st	  support	  
• 	  Collabora=ve	  research/	  
	  grant	  development	  	  	  	  
• 	  System	  administra=on/	  
	  design	  and	  acquisi=on	  
• 	  ~40	  researchers,	  	  
	  research	  programmers,	  	  
	  HPC	  specialists	  

CRC	  and	  OIT	  building	  
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• 	  Computa=onal	  resources:	  20,000	  cores+	  
• 	  Storage	  resources:	  2	  PB	  
• 	  Visualiza=on	  systems	  	  
• 	  Systems	  for	  virtual	  hos=ng	  	  
• 	  Prototype	  architectures	  
	  e.g.,	  OpenStack	  
• 	  Access	  and	  interface	  to	  
•  XSEDE	  	  
•  Open	  Science	  Grid	  	  
•  Blue	  Waters	  	  	  

CRC	  HPC	  Center	  (old	  Union	  Sta=on)	  
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Distributed	  Infrastructres	  
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•  Defini=on	  Grid	  	  (Ian	  Foster,	  1998)	  
„A	  computa+onal	  grid	  is	  a	  hardware	  and	  so6ware	  
infrastructure	  that	  provides	  dependable,	  consistent,	  
pervasive,	  and	  inexpensive	  access	  to	  high-‐end	  
computa+onal	  capabili+es.“	   	   	  	  
•  Defini=on	  Cloud	  (Sam	  Johnston,	  2008)	  

„The	  Cloud	  is	  what	  The	  Grid	  could	  have	  been.“	  	  
•  Virtualiza=on	  
•  Services	  

•  Infrastructure	  as	  a	  Service	  (IaaS)	  
•  Plaeorm	  as	  a	  Service	  (PaaS)	  	  
•  SoUware	  as	  a	  Service	  (SaaS)	  
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•  Na=onal	  and	  interna=onal	  infrastructures	  (EGI,	  
PRACE,	  XSEDE)	  

•  UNICORE,	  HTCondor,	  Globus	  Toolkit,	  gLite	  
•  OpenStack,	  Amazon	  EC2,	  Windows	  Azure	  
	  
•  Mixed	  compu=ng	  paradigms	  	  
•  Grid	  of	  federated	  clusters	  (NGI-‐DE)	  
•  Grid	  of	  federated	  clouds	  (EGI,	  CERN-‐openlab)	  
•  Grid	  over	  cloud	  (Stratuslab)	  	  	  
•  Cloud	  over	  grid	  (WNoDeS	  (Worker	  Nodes	  on	  

Demand	  Services))	  
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12181 acatttctac caacagtgga tgaggttgtt ggtctatgtt ctcaccaaat ttggtgttgt    
12241 cagtctttta aattttaacc tttagagaag agtcatacag tcaatagcct tttttagctt    
12301 gaccatccta atagatacac agtggtgtct cactgtgatt ttaatttgca ttttcctgct    
12361 gactaattat gttgagcttg ttaccattta gacaacttca ttagagaagt gtctaatatt    
12421 taggtgactt gcctgttttt ttttaattgg gatcttaatt tttttaaatt attgatttgt    
12481 aggagctatt tatatattct ggatacaagt tctttatcag atacacagtt tgtgactatt    
12541 ttcttataag tctgtggttt ttatattaat gtttttattg atgactgttt tttacaattg    
12601 tggttaagta tacatgacat aaaacggatt atcttaacca ttttaaaatg taaaattcga    
12661 tggcattaag tacatccaca atattgtgca actatcacca ctatcatact ccaaaagggc    
12721 atccaatacc cattaagctg tcactcccca atctcccatt ttcccacccc tgacaatcaa    
12781 taacccattt tctgtctcta tggatttgcc tgttctggat attcatatta atagaatcaa  

Slide	  copied	  from:	  Stuart	  Owen	  „Workflows	  with	  Taverna“	  

A	  sequence	  of	  connected	  steps	  in	  a	  defined	  order	  	  
based	  on	  their	  control	  and	  data	  dependencies	  
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Workflow	  Systems	  	  
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• 	  Different	  workflow	  concepts	  
• 	  Different	  workflow	  languages	  
• 	  Different	  workflow	  constructs	  	  
	  
	  

Taverna	  
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• 	  Different	  technologies	  (workbenches,	  web-‐based)	  	  
• 	  Different	  look-‐and-‐feel	  
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Distributed	  Data	  Management	  	  
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•  Amazon	  Simple	  Storage	  Service	  (Amazon	  S3)	  	  
•  Google	  File	  System	  (GFS)	  	  
•  XtreemFS	  
•  dCache	  
•  iRODS	  

Figure	  copied	  from	  „iRODS	  Overview“	  



Sandra	  Gesing	  

Researchers	  World	  Wide	  
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• 	  ~7	  million	  researchers	  world	  wide	  

hmp://chartsbin.com/view/1124	  
hmp://ec.europa.eu/euraxess/pdf/research_policies/	  

130122_Researchers%20Report_2012_FINAL%20REPORT_transla=on_DE_FINAL.pdf	  



Sandra	  Gesing	  

State-‐of-‐the-‐art	  
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• 	  Data-‐intensive	  and	  compute-‐intensive	  problems	  
• 	  Sophis=cated	  tools	  and	  methods	  available	  	  
• 	  DCIs	  (Distributed	  Compu=ng	  Infrastructures)	  available	  
• 	  Workflow	  systems	  available	  	  
• 	  Distributed	  data	  management	  available	  
	  
	  	  

How	  do	  researchers	  use	  the	  tools	  and	  distributed	  
environments	  on	  a	  large	  scale?	  
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• 	  Usability	  of	  tools	  oUen	  limited	  
• 	  Complexity	  of	  methods	  
• 	  Lack	  of	  graphical	  user	  interfaces	  
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14	  Science	  Gateways	  	  

• 	  Usability	  of	  tools	  oUen	  limited	  
• 	  Complexity	  of	  methods	  
• 	  Lack	  of	  graphical	  user	  interfaces	  
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15	  Science	  Gateways	  	  

• 	  Usability	  of	  tools	  oUen	  limited	  
• 	  Complexity	  of	  methods	  
• 	  Lack	  of	  graphical	  user	  interfaces	  
• 	  Workflows	  
• 	  Complexity	  of	  infrastructures	  
• 	  Users	  are	  generally	  not	  IT	  specialists	  

	  
	  
	  



Sandra	  Gesing	  

Open	  Issues	  
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• 	  Usability	  of	  tools	  oUen	  limited	  
• 	  Complexity	  of	  methods	  
• 	  Lack	  of	  graphical	  user	  interfaces	  
• 	  Workflows	  
• 	  Complexity	  of	  infrastructures	  
• 	  Users	  are	  generally	  not	  IT	  specialists	  
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• 	  Usability	  of	  tools	  oUen	  limited	  
• 	  Complexity	  of	  methods	  
• 	  Lack	  of	  graphical	  user	  interfaces	  
• 	  Workflows	  
• 	  Complexity	  of	  infrastructures	  
• 	  Users	  are	  generally	  not	  IT	  specialists	  
	  
⇒	  	  User	  interfaces	  need	  to	  be	  intui9ve	  and	  self-‐	  
	  explanatory	  

⇒	  Science	  gateways	  
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Science	  Gateways	  	  
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“A	  Science	  Gateway	  is	  a	  community-‐developed	  set	  
of	  tools,	  applica+ons,	  and	  data	  that	  is	  integrated	  
via	  a	  portal	  or	  a	  suite	  of	  applica+ons,	  usually	  in	  a	  
graphical	  user	  interface,	  that	  is	  further	  customized	  
to	  meet	  the	  needs	  of	  a	  specific	  community.”	  	  
TeraGrid/XSEDE	  
	  

Community	  
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Web-‐based	  Science	  Gateways	  	  
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• 	  Single	  point	  of	  entry	  
• 	  Possibility	  to	  customize	  views	  and	  tools	  
• 	  Store	  user	  preferences	  
• 	  No	  installa=on	  of	  soUware	  on	  the	  user’s	  side	  	  
• 	  No	  firewall	  issues	  

Slar+barKast:	  “I	  must	  warn	  you,	  	  we're	  going	  to	  pass	  through,	  well,	  a	  sort	  of	  
gateway	  thing.”	  
Arthur	  Dent:	  „What?“	  
Slar+barKast:	  “It	  may	  disturb	  you.	  It	  scares	  	  the	  willies	  out	  of	  me.”	  
(Douglas	  Adams	  in	  “The	  Hitchhiker's	  Guide	  to	  the	  Galaxy”)	  
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Usability	  of	  soUware	  
	  
"A6er	  all,	  usability	  really	  just	  means	  
that	  making	  sure	  that	  something	  
works	  well:	  that	  a	  person	  …	  can	  use	  
the	  thing	  -‐	  whether	  it's	  a	  Web	  site,	  a	  
fighter	  jet,	  or	  a	  revolving	  door	  -‐	  for	  its	  
intended	  purpose	  without	  geUng	  
hopelessly	  frustrated."	  	  
(Steve	  Krug	  in	  “Don't	  make	  me	  think!:	  A	  
Common	  Sense	  Approach	  to	  Web	  Usability”,	  
2005)	  
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Re-‐Usability	  
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• Sharing	  of	  knowledge	  and	  data	  	  
• Re-‐Using	  of	  „recipes“	  and	  workflows	  
• Re-‐Usability	  of	  soUware	  
	  
“The	  key	  to	  produc+vity	  is	  	  
reusability.	  The	  easiest	  way	  to	  	  
produce	  code	  is	  obviously	  to	  	  
have	  it	  already!"	  	  
(John	  R.	  Bourne	  in	  “Object-‐oriented	  
Engineering:	  Building	  Engineering	  	  
Systems	  Using	  Smalltalk-‐80”,	  1992)	  
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Re-‐Usability	  

22	  Science	  Gateways	  

Re-‐inven=ng	  is	  not	  always	  necessary...	  
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Re-‐Usability	  

23	  Science	  Gateways	  

...	  but	  the	  model	  should	  fit	  to	  the	  demands	  of	  the	  
community	  
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Diverse	  Approaches	  
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• 	  Science	  gateway	  frameworks	  (Galaxy,	  WS-‐PGRADE)	  
• 	  Sta=c	  layout	  
• 	  Layout	  extendable	  
• 	  Workflow-‐enabled	  

• 	  Portal	  frameworks	  (Liferay)	  
• 	  Content	  management	  systems	  (Drupal)	  
• 	  Libraries	  for	  implementa=on	  (Django)	  
• 	  APIs	  for	  implementa=on	  (Apache	  Airavata,	  Agave)	  
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Galaxy	  
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Python	  framework	  
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Galaxy	  

26	  Science	  Gateways	  
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Parametriza=on	  

27	  Science	  Gateways	  
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Workflows	  

28	  Science	  Gateways	  
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Administra=on	  

29	  Science	  Gateways	  	  
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WS-‐PGRADE	  

30	  Science	  Gateways	  	  

User	  Interface	  
WS-‐PGRADE	  

Liferay	  

DCI	  Resources	  	  
Middleware	  Layer	  

High-‐Level	  
Middleware	  
Service	  Layer	  

gUSE	  
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WS-‐PGRADE	  

31	  Science	  Gateways	  
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Job	  Configura=on	  

32	  Science	  Gateways	  
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Monitoring	  

33	  Science	  Gateways	  
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MoSGrid	  –	  WS-‐PGRADE	  Example	  
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Molecular	  Simula=on	  Grid	  
• 	  	  Science	  gateway	  integrated	  with	  underlying	  
	  compute	  and	  data	  management	  infrastructure	  	  	  
• 	  	  Distributed	  workflow	  management	  
• 	  	  Data	  repository	  
• 	  	  Metadata	  management	  
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Tools	  

35	  Science	  Gateways	  
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File	  Management	  

36	  Science	  Gateways	  
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MoSGrid	  –	  Applica=on	  Areas	  
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Molecular	  Dynamics	  
• 	  	  Study	  and	  simula=on	  of	  molecular	  mo=on	  
Quantum	  Chemistry	  
• 	  	  Study	  and	  simula=on	  of	  molecular	  electronic	  
	  behavior	  rela=ve	  to	  their	  chemical	  reac=vity	  
Docking	  
• 	  	  Main	  focus	  on	  evalua=on	  of	  ligand-‐receptor	  
	  interac=ons	  (e.g.,	  for	  drug	  design)	  
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Docking	  Portlet	  

38	  Science	  Gateways	  
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Docking	  Portlet	  

39	  Science	  Gateways	  
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Drupal	  

40	  Science	  Gateways	  
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VectorBase	  –	  Example	  for	  Drupal	  	  	  

41	  Science	  Gateways	  
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Tools	  	  

42	  Science	  Gateways	  
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Tools	  	  

43	  Science	  Gateways	  
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Tools	  	  

44	  Science	  Gateways	  	  
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Django	  	  

45	  Science	  Gateways	  	  
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VECNet	  –	  Example	  for	  Django	  

46	  Science	  Gateways	  	  
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	  Data	  

47	  Science	  Gateways	  
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Modeling	  Plaeorm	  	  

48	  Science	  Gateways	  
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Risk	  Mapper	  	  

49	  Science	  Gateways	  
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Risk	  Mapper	  	  

50	  Science	  Gateways	  
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Apache	  Airavata	  -‐	  API	  

51	  Science	  Gateways	  
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Apache	  Airavata	  	  
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•  XBaya	  Workflow	  Suite	  	  
•  GUI	  for	  workflow	  composi=on	  and	  monitoring	  
•  export	  to	  various	  workflow	  languages	  BPEL,	  SCUFL,	  

Condor	  DAG,	  Jython	  and	  Java	  
•  GFac	  -‐	  an	  applica=on	  wrapper	  service	  
•  WS-‐execu=on	  
•  Registry-‐API:	  A	  thick	  client	  registry	  API	  for	  Airavata	  to	  

put	  and	  get	  documents.	  Current	  registry	  
implementa=on	  is	  on	  top	  of	  derby	  or	  MySQL	  

	  
Services	  on	  basis	  of	  Apache	  Axis2	  services	  
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Apache	  Airavata	  Features	  	  
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•  desktop	  tools	  and	  browser-‐based	  web	  interface	  
components	  for	  managing	  applica=ons,	  workflows	  
and	  generated	  data	  	  

•  sophis=cated	  server-‐side	  tools	  for	  registering	  and	  
managing	  scien=fic	  applica=ons	  on	  computa=onal	  
resources	  	  

•  graphical	  user	  interfaces	  to	  construct,	  execute,	  
control,	  manage	  and	  reuse	  of	  scien=fic	  workflows	  

•  interfacing	  and	  interoperability	  with	  with	  various	  
external	  (third	  party)	  data,	  workflow	  and	  
provenance	  management	  tools	  
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SciGap	  –	  Example	  for	  Airavata	  
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Science	  Gateway	  Plaeorm	  as	  a	  Service	  
	  



Sandra	  Gesing	  

Agave	  API	  
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Science-‐as-‐a-‐Service	  API	  Plaeorm	  
	  
•  REST	  API	  
•  Authen=ca=on	  (OAuth2)	  
•  System	  Management	  
•  Applica=on	  Management	  
•  Job	  Management	  
•  Data	  Management	  
•  No=fica=ons	  and	  Events	  
•  SDK	  (Java,	  Python,	  PHP)	  
•  User	  interfaces	  with	  HTML5,	  JSP	  
	  
	  



Sandra	  Gesing	  

iPlant	  –	  Example	  for	  Agave	  API	  

56	  Science	  Gateways	  



Sandra	  Gesing	  

iPlant	  –	  Example	  for	  Agave	  API	  

57	  Science	  Gateways	  
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Science	  Gateways	  Ruling	  Them	  All?	  
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Crucial	  Topics	  
•  Close	  collabora=on	  with	  user	  communi=es	  
•  Knowledge	  about	  available	  technical	  solu=ons	  
	  
Sounds	  easy	  but…	  
•  Requirements	  of	  user	  communi=es	  oUen	  not	  so	  

clear	  
•  Technologies	  some=mes	  s=ll	  under	  development	  

for	  certain	  building	  blocks	  
è Slow	  uptake	  of	  solu=ons	  	  
è Larger	  effort	  for	  crea=ng	  science	  gateways	  
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Science	  Gateways	  	  
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A	  new	  era…	  
•  Novel	  developments	  of	  web-‐based	  agile	  

frameworks	  
•  Infrastructure	  providers	  report	  that	  science	  

gateways	  are	  more	  used	  than	  commandlines	  

hmp://www.iplantcollabora=ve.org	  
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•  User	  side	  	  
•  Methods	  	  
•  Workflows	  	  
•  Data	  
è Re-‐usability	  increases	  usability	  on	  the	  user	  side	  

•  Admin/Developer	  side	  
•  Frameworks	  
•  Libraries	  
•  Source	  code	  
•  Knowledge	  of	  programming	  languages	  
è Usability	  and	  re-‐usability	  depend	  on	  support,	  

	  	  	  	  documenta=on	  and	  scalability	  	  
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•  User	  side	  	  
•  Layout	  
•  Visualiza=on	  	  
•  Security	  
è Re-‐used	  parts	  may	  be	  not	  sufficient,	  usability	  
depends	  on	  the	  features	  needed	  in	  the	  community	  

•  Admin/Developer	  side	  
•  Integra=on	  with	  compu=ng	  and	  data	  infrastructures	  
•  Security	  	  
è Usability	  and	  re-‐usability	  depend	  on	  available	  
infrastructures	  
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•  Demands	  of	  the	  user	  community	  on	  the	  user	  
interface	  

•  Demands	  on	  security	  and	  iden==es	  
•  Demands	  on	  compu=ng	  and	  data	  resources	  
•  Workflows	  
•  Performance	  

•  Exis=ng	  tools	  and	  models	  
•  Available	  underlying	  infrastructure	  
•  Available	  documenta=on	  and	  support	  
•  Effort	  on	  development	  and	  maintenance	  
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• 	  IEEE	  Technical	  Area	  on	  Science	  Gateways	  	  
	   	  hmp://ieeesciencegateways.org	  
• 	  Science	  Gateway	  Ins=tute	  

	  hmp://sciencegateways.org	  
• 	  Science	  Gateway	  Workshops	  (partner	  workshops)	  

Europe:	  IWSG	  (Interna=onal	  Workshop	  on	  Science	  Gateways)	  
USA:	  GCE	  (Gateway	  Compu=ng	  Environments)	  
Australia:	  In	  planning	  stage	  

	  
• 	  XSEDE	  Science	  Gateways	  

	  hmps://www.xsede.org/gateways-‐overview	  
• 	  NERSC	  Science	  Gateways	  

	  hmp://portal.nersc.gov	  
• 	  Center	  for	  Research	  Compu=ng	  at	  Notre	  Dame	  	  

	  hmp://researchcompu=ng.nd.edu	  
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