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•  Increased	
  complexity	
  of	
  
–  today’s	
  research	
  quesCons	
  
–  hardware	
  and	
  soEware	
  
–  skills	
  required	
  

•  Greater	
  need	
  for	
  openness	
  
and	
  reproducibility	
  
–  Science	
  increasingly	
  driving	
  

policy	
  quesCons	
  

•  Opportunity	
  to	
  integrate	
  
research	
  with	
  teaching	
  
–  BeJer	
  workforce	
  preparaCon	
  

What are science gateways?  
Why are they important? 

We	
  need	
  end-­‐to-­‐end	
  
solu,ons	
  that	
  provide	
  	
  

broad	
  access	
  to	
  	
  
advanced	
  resources	
  	
  

and	
  	
  
allow	
  all	
  to	
  tackle	
  
today’s	
  challenging	
  
science	
  ques,ons.	
  



What are science gateways?  
Why are they important? 

• 	
  Explosion	
  in	
  the	
  quanCty,	
  
variety	
  and	
  complexity	
  of	
  
data	
  (e.g.,	
  NGS,	
  SKA)	
  
• 	
  QuesCons	
  can	
  be	
  
answered	
  impossible	
  to	
  
even	
  ask	
  about	
  10	
  years	
  
ago	
  
• 	
  Costs	
  far	
  reduced	
  (e.g.,	
  
Human	
  Genome	
  project,	
  15	
  
	
  years,	
  ~$2	
  billion;	
  today	
  
~3	
  days,	
  $1000)	
  



Science Gateways – NSF Definition 
Science	
  Gateways	
  (also	
  known	
  as	
  portals	
  and	
  hubs)	
  are	
  themselves	
  synergisCc	
  focal	
  
points	
  where	
  scienCsts	
  form	
  growing	
  communiCes;	
  where	
  digital	
  resources,	
  expensive	
  
equipment,	
  and	
  collaboraCon	
  resources	
  are	
  available	
  to	
  those	
  who	
  would	
  otherwise	
  
not	
  have	
  access	
  to	
  them;	
  and	
  where	
  the	
  public	
  can	
  parCcipate	
  in	
  the	
  scienCfic	
  process,	
  
spanning	
  science	
  and	
  engineering	
  research	
  and	
  educaCon.	
  Gateways	
  assemble	
  and	
  
integrate	
  some	
  of	
  the	
  most	
  complex	
  components	
  of	
  today’s	
  cyberinfrastructure	
  (CI),	
  
making	
  them	
  accessible	
  to	
  a	
  wider	
  spectrum	
  of	
  users	
  through	
  easy-­‐to-­‐use	
  interfaces.	
  
They	
  provide	
  researchers	
  with	
  unified	
  human	
  and	
  programmable	
  access	
  to	
  faciliCes:	
  	
  

–  compuCng	
  resources	
  (e.g.,	
  supercomputers,	
  clouds),	
  	
  
–  instruments	
  (e.g.,	
  telescopes,	
  sensor	
  networks),	
  	
  
–  data	
  (e.g.,	
  data	
  collecCons,	
  collaboraCve	
  spaces),	
  	
  
–  soEware	
  (e.g.,	
  simulaCon,	
  modeling,	
  and	
  analysis	
  capabiliCes,	
  workflow	
  

systems),	
  	
  
–  and	
  more,	
  	
  

thus	
  increasing	
  the	
  value	
  of	
  these	
  faciliCes.	
  They	
  make	
  the	
  interdisciplinary	
  
collaboraCons	
  needed	
  to	
  solve	
  the	
  most	
  complex	
  problems	
  more	
  feasible.	
  They	
  
support	
  CI	
  abstracCons	
  that	
  allow	
  scalable,	
  dynamic	
  use	
  of	
  diverse	
  CI	
  without	
  
demanding	
  detailed	
  and	
  complex	
  technical	
  understanding	
  of	
  CI	
  components,	
  and	
  
provide	
  scalable	
  soluCons	
  for	
  solving	
  classes	
  of	
  problems,	
  eliminaCng	
  the	
  need	
  for	
  
thousands	
  of	
  individual	
  infrastructure	
  installaCons.	
  





Significant developments in XSEDE as well 
Gateway users surpass login users in 2013 
Increase in 2015 due to automated user-counting 

Gateways

Login

Source: David Hart 



A Typical Life Cycle of a Science Gateway 

Early	
  
adopters	
  

Publicity	
  

Wider	
  
adopCon	
  

Funding	
  
ends	
  

ScienCsts	
  
disillusioned	
  

New	
  
project	
  

prototype	
  

Gateways	
  enable	
  research,	
  but	
  are	
  not	
  research	
  projects	
  themselves	
  



Science Gateway Survey 2014 
•  29,000-­‐person	
  survey	
  	
  
•  4957	
  responses	
  from	
  across	
  domains	
  



Science Gateway Survey 2014 
What	
  services	
  	
  
would	
  be	
  helpful?	
  



57% played some role in gateway creation 
and these gateways were used for a variety of purposes 

n	
  of	
  applicaCon	
  types=7,805,	
  	
  
by	
  2,756	
  creators	
  (out	
  of	
  2,819);	
  
mean=2.8	
  applicaCon	
  types	
  per	
  
applicaCon	
  creator	
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Well-designed gateways require a variety of 
expertise 

n=2,756	
  respondents	
  or	
  98%	
  of	
  applicaCon	
  creators	
  



•  Diverse	
  experCse	
  on	
  
demand	
  

•  Longer	
  term	
  support	
  
engagements	
  

•  SoEware	
  and	
  visibility	
  for	
  
gateways	
  

•  InformaCon	
  exchange	
  in	
  a	
  
community	
  environment	
  

•  Student	
  opportuniCes	
  
and	
  more	
  stable	
  	
  
career	
  paths	
  

The Science Gateways Community Institute 
 



Incubator Service 
Expertise for the gateway lifecycle 

Technology	
  Planning	
  
•  Choosing	
  technologies	
  
•  Cybersecurity	
  
•  SoEware	
  engineering	
  
•  Interfaces	
  to	
  compute	
  and	
  
data	
  

•  Business	
  model	
  development	
  
•  Financial	
  planning	
  
•  Project	
  management	
  
•  SoEware	
  licensing	
  
•  Staff	
  and	
  sustainability	
  planning	
  

Business	
  Planning	
  

Specialized	
  ExperCse	
  

Security	
  
• Center	
  for	
  Trustworthy	
  ScienCfic	
  
Cyberinfrastructure	
  

Sustainability	
  	
  
• Nancy	
  Maron,	
  creator	
  of	
  the	
  ITHAKA	
  	
  
S+R	
  course	
  on	
  Sustaining	
  Digital	
  Resources	
  

EvaluaAon	
  &	
  Impact	
  Measurement	
  
• Ann	
  Zimmerman	
  ConsulCng	
  
Campus	
  Resource	
  Development	
  

Client	
  InteracAon	
  Planning	
  
•  Usability	
  studies	
  
• Web/visual/graphic	
  design	
  
•  Impact	
  measurement	
  
•  Community	
  engagement	
  
•  Support	
  for	
  educaCon	
  

Common	
  Experiences	
  
•  Training	
  sessions	
  
•  Group	
  interacCons	
  
ConAnuing	
  Engagement	
  
•  Customized	
  structure,	
  content,	
  goals	
  
• Mentoring	
  
•  Pay	
  It	
  Forward	
  

A	
  Framework	
  for	
  Decision	
  Making	
  

Network	
  /	
  Cohort	
  FormaCon	
  

An	
  Ongoing	
  
Dispassionate	
  Ear	
  



Extended Developer Support 

Focus	
  
• Front-­‐end	
  development	
  	
  
• Gateways	
  using	
  all	
  types	
  of	
  CI	
  
• Both	
  sides	
  give	
  2-­‐month	
  to	
  1-­‐year	
  
commitment	
  
• Well-­‐defined	
  engagements	
  with	
  
work	
  plans	
  
• Technology	
  agnosCc	
   Mission	
  

• Bring	
  new	
  gateways	
  into	
  existence	
  
• Adapt	
  exisCng	
  gateways	
  to	
  new	
  
resources	
  and	
  technologies	
  
• Provide	
  “burst”	
  support	
  to	
  help	
  
gateways	
  with	
  smaller	
  issues	
  

Dedicated	
  SGCI	
  staff	
  work	
  directly	
  with	
  clients	
  	
  
to	
  build	
  and	
  enhance	
  gateways	
  

Benefits	
  
• Reinforce	
  Incubator	
  lessons	
  
• Develop	
  deep	
  understanding	
  of	
  
community	
  needs	
  that	
  feed	
  into	
  
other	
  InsCtute	
  areas	
  
• Capture	
  and	
  document	
  support	
  
efforts	
  for	
  scalability	
  
• Hands-­‐on	
  opportuniCes	
  for	
  
student	
  parCcipants	
  

Data	
  

Instruments	
  

Analysis	
  Tools	
  

Workflows	
   Sensors	
  

ComputaCon	
  

CollaboraCon	
  

EducaCon	
  

Airavata	
  

AGAVE	
  

And	
  more…	
  
Galaxy	
  

HUBzero	
  

Jupyter	
  



Scientific Software Collaborative 
Leveraging existing investments in gateway technologies 
Give	
  developers	
  a	
  single	
  des,na,on	
  for	
  gateway	
  so<ware,	
  services	
  and	
  resources	
  to	
  easily	
  
build,	
  maintain	
  and	
  manage	
  science	
  gateways.	
  
•  Create	
  more	
  gateways	
  to	
  advance	
  scienCfic	
  discovery,	
  by	
  making	
  them	
  easier	
  to	
  build	
  	
  
•  Create	
  more	
  researchers	
  using	
  gateways	
  by	
  increasing	
  awareness	
  and	
  number	
  of	
  gateways	
  
•  Enable	
  NSF	
  projects	
  to	
  integrate	
  into	
  the	
  soEware	
  insCtute	
  and	
  promote	
  their	
  products	
  

End-­‐to-­‐End	
  SoluAons	
  
•  Serve	
  a	
  diverse	
  set	
  of	
  scienCfic	
  domains	
  
•  Out-­‐of-­‐the-­‐box	
  gateway	
  soluCon	
  that	
  
can	
  be	
  customized	
  
•  Based	
  on	
  Docker	
  –	
  executable	
  images	
  
that	
  are	
  the	
  skeleton	
  for	
  a	
  secure	
  and	
  
funcConing	
  gateway	
  
•  Portable	
  and	
  reproducible	
  
•  Community-­‐contributed	
   •  API	
  integraCon	
  

•  Variety	
  of	
  services	
  
•  InformaCon	
  
•  Security	
  
•  ExecuCon	
  
•  Data	
  
•  Event	
  
•  AccounCng	
  

•  HosCng	
  opportunity	
  	
  

“Use-­‐what-­‐you-­‐need”	
  

Gateway	
  Discovery	
  
•  Open	
  registry	
  
•  Promotes	
  use	
  of	
  exisCng	
  science	
  
gateways	
  
•  Community-­‐contributed	
  
•  Admin	
  approval	
  
•  Automated	
  cleanup	
  

SoRware	
  IntegraAon	
  &	
  
Community	
  ContribuAon	
  
•  Docking	
  mechanisms	
  for	
  community-­‐
contributed	
  soEware,	
  including	
  NSF	
  SI2	
  
•  Incorporate	
  community	
  standards	
  

Engage	
  Other	
  Areas	
  of	
  InsAtute	
  
•  Support	
  projects	
  leverage	
  CollaboraCve	
  
components	
  
•  Framework	
  evolves	
  as	
  a	
  result	
  of	
  
gateway	
  engagements	
  
•  Community	
  outreach	
  	
  

SoRware	
  
Marketplace	
  
for	
  Science	
  
Gateways	
  	
  



Community Engagement and Exchange 
Key to a successful institute 
Gathering	
  place	
  for	
  scienCfic	
  web	
  developers	
  across	
  NSF	
  directorates,	
  
federal	
  agencies,	
  and	
  internaConal	
  boundaries	
  

–  Community	
  members	
  are	
  eager	
  to	
  connect	
  

Website	
  AcAviAes	
  
•  Discussion	
  forums	
  
•  Gateway	
  showcase	
  with	
  case	
  
studies	
  
•  Symposium	
  series	
  
•  News:	
  media	
  coverage,	
  related	
  
happenings,	
  academic	
  
publicaCons,	
  job	
  openings,	
  
events	
  calendar	
  
•  Curated	
  blog	
  with	
  guest	
  authors,	
  	
  
•  Professional	
  development:	
  
synchronous	
  and	
  asynchronous	
  
training	
  
•  Capture	
  client/user	
  feedback	
  on	
  
web	
  and	
  through	
  other	
  areas	
  

•  Tutorials	
  and	
  workshops	
  
•  Paper	
  presentaCons	
  
•  Invited	
  keynotes	
  and	
  panels	
  
•  InteracCve	
  elements:	
  Open	
  Space,	
  
poster	
  session	
  
•  Travel	
  support	
  for	
  students	
  and	
  
campus	
  IT	
  staff	
  	
  

Builds	
  on	
  10	
  years	
  of	
  experience	
  	
  
with	
  GCE	
  and	
  IWSG	
  series	
  

Annual	
  Conference	
  

Campus	
  Gateway	
  Groups	
  
•  Task	
  force	
  builds	
  campus-­‐based	
  experCse	
  
•  Channel	
  for	
  scaling	
  insCtute	
  services	
  

Outreach	
  to	
  Complementary	
  
NSF	
  IniAaAves	
  
•  NSF	
  SI2	
  projects	
  
•  Large	
  NSF	
  projects	
  
•  Science	
  and	
  Technology	
  Centers	
  
•  Engineering	
  Research	
  Centers	
  	
  
• MolSSI	
  soEware	
  insCtute	
  collaboraCon	
  



Gateways 2016 – a success with about 120 
participants 

hJp://sciencegateways.org/gateways2016/	
  



Providing	
  Financial	
  Support	
  
•  Enabling	
  students	
  learning	
  gateway	
  skills	
  

•  Including	
  internship	
  experiences	
  

IntegraAng	
  Gateways	
  into	
  Course	
  Content	
  
•  Providing	
  broader	
  access	
  to	
  high-­‐end	
  resources	
  

Workforce Development:  
Keep the best and the  
brightest in the sciences 

PromoAng	
  Gateway-­‐Related	
  
Career	
  Paths	
  

•  Campus	
  	
  
opportuniCes	
  
•  Job	
  boards	
  

Partners	
  

NaConal	
  OrganizaCon	
  for	
  the	
  Professional	
  
Advancement	
  of	
  Black	
  Chemists	
  and	
  

Chemical	
  Engineers	
  (NOBCChE)	
  

AssociaCon	
  of	
  Computer/	
  InformaCon	
  
Sciences	
  and	
  Engineering	
  Departments	
  at	
  

Minority	
  InsCtuCons	
  (ADMI)	
  	
  

Molecular	
  Science	
  
SoEware	
  InsCtute	
  

Google	
  Summer	
  of	
  Code	
  (GSoC)	
  	
  

Establishing	
  Center	
  for	
  Training	
  
and	
  EducaAon	
  at	
  ECSU	
  
•  Vigorous	
  schedule	
  of	
  on-­‐site	
  and	
  virtual	
  training	
  
•  Development	
  of	
  training	
  and	
  course	
  curricula	
  
about	
  science	
  gateways	
  technologies	
  

SGCI	
  InsCtute	
  Areas	
  

4	
  Focal	
  
Areas	
  	
   •  Student-­‐related	
  

conference	
  
programs	
  



Opportunities 
•  Get	
  advice	
  (sustainability,	
  usability,	
  cybersecurity,	
  
other)	
  on	
  your	
  exisCng	
  gateway	
  

•  Work	
  with	
  SGCI	
  to	
  build	
  a	
  gateway	
  for	
  you	
  
•  Find	
  a	
  working	
  gateway	
  or	
  gateway	
  development	
  
soEware	
  in	
  our	
  catalog	
  

•  Learn	
  how	
  to	
  set	
  up	
  a	
  gateway	
  group	
  on	
  your	
  campus	
  
•  Keep	
  up	
  to	
  date	
  on	
  gateway	
  developments	
  
–  webinar	
  series,	
  gateways	
  in	
  the	
  news,	
  google	
  scholar	
  feed,	
  
case	
  studies,	
  annual	
  conference,	
  blog	
  posts	
  

•  Enroll	
  a	
  student	
  in	
  an	
  internship	
  program	
  to	
  learn	
  
gateway	
  development	
  

•  Partner	
  with	
  SGCI	
  on	
  your	
  own	
  projects,	
  technologies	
  
and	
  events	
  



Challenges for SGCI 
•  Many	
  researchers/developers	
  are	
  not	
  aware	
  
that	
  they	
  need/create	
  “Science	
  Gateways”	
  





It’s	
  a	
  
Science	
  
Gateway	
  

It’s	
  a	
  
Research	
  
Portal	
  

It’s	
  a	
  
Collaboratory	
  

It’s	
  a	
  
Cyberinfrastructure	
  

It’s	
  
e-­‐Science	
  
eResearch	
  

It’s	
  a	
  
Virtual	
  	
  
Lab	
  



Challenges for SGCI 
•  Many	
  researchers/developers	
  are	
  not	
  aware	
  
that	
  they	
  need/create	
  “Science	
  Gateways”	
  

•  Sustainability	
  beyond	
  funding	
  



Sustainability  
•  Sustainability	
  plans	
  should	
  include	
  securing	
  experCse,	
  manpower,	
  talent,	
  

money	
  
•  Problems:	
  	
  

–  UniversiCes/insCtutes	
  would	
  like	
  to	
  dictate	
  the	
  prices	
  
–  PIs	
  have	
  their	
  “day	
  jobs”	
  -­‐	
  maybe	
  they	
  don’t	
  want	
  to	
  be	
  entrepreneurs	
  and	
  

they	
  don’t	
  want	
  to	
  start	
  businesses	
  
–  Research	
  groups	
  don’t	
  have	
  the	
  money	
  to	
  pay	
  or	
  are	
  not	
  willing	
  to	
  pay	
  
–  SoEware	
  should	
  be	
  open	
  access	
  

•  DisCnguish	
  between	
  soEware	
  and	
  services	
  
•  SoEware	
  is	
  free	
  and	
  open	
  access	
  =>	
  CommuniCes	
  all	
  over	
  the	
  world	
  can	
  

set	
  up	
  their	
  own	
  instances	
  but	
  they	
  also	
  have	
  to	
  maintain	
  it	
  themselves	
  for	
  
changes/adapCons	
  and	
  support	
  for	
  user	
  communiCes	
  

•  Services	
  should	
  be	
  chargeable:	
  adapCons,	
  support/maintaining	
  
community,	
  usage	
  of	
  resources	
  =>	
  a	
  marketplace	
  for	
  services	
  

•  Services	
  cannot	
  handle	
  disconCnuity,	
  this	
  is	
  bit	
  	
  
different	
  for	
  soEware	
  which	
  is	
  staCc	
  and	
  inherently	
  has	
  a	
  longer	
  shelf	
  life	
  



Sustainability 
•  Start	
  as	
  early	
  as	
  possible	
  at	
  the	
  community	
  to	
  ask	
  for	
  money	
  (small	
  

amounts)	
  and	
  have	
  price	
  tags	
  from	
  the	
  beginning	
  on	
  services	
  -­‐	
  even	
  
without	
  charging	
  -­‐	
  to	
  make	
  the	
  community	
  aware	
  of	
  the	
  cost	
  or	
  
show	
  cost	
  of	
  comparable	
  services	
  sold	
  in	
  industry	
  

•  Incubator	
  programs	
  
•  Achieve	
  policy	
  changes	
  at	
  universiCes/insCtutes	
  to	
  support	
  

sustainability	
  via	
  demands	
  from	
  funding	
  bodies	
  
•  Technology	
  transfer	
  groups	
  supported	
  by	
  state/funding	
  bodies’	
  

individuals	
  
•  Using	
  the	
  ecosystem	
  of	
  companies	
  wriCng	
  STTR	
  grants	
  etc.	
  
•  Crowdfunding	
  
•  Career	
  paths	
  for	
  developers	
  
•  on-­‐campus	
  developer	
  groups	
  
•  Involving	
  PhD	
  students/postdocs	
  



Challenges for SGCI 
•  Many	
  researchers/developers	
  are	
  not	
  aware	
  
that	
  they	
  need/create	
  “Science	
  Gateways”	
  	
  

•  Sustainability	
  beyond	
  funding	
  
•  AJracCng	
  and	
  selecCng	
  “right”	
  customers	
  



Customers of Training 



Challenges for SGCI 
•  Many	
  researchers/developers	
  are	
  not	
  aware	
  
that	
  they	
  need/create	
  “Science	
  Gateways”	
  	
  

•  Sustainability	
  beyond	
  funding	
  
•  AJracCng	
  and	
  selecCng	
  “right”	
  customers	
  
•  AJracCng	
  partners	
  to	
  contribute	
  to	
  repository	
  



Partners  
•  OEen	
  already	
  exisCng	
  open-­‐access	
  repository	
  	
  
•  A	
  larger	
  audience	
  probably	
  means	
  more	
  
customers,	
  which	
  might	
  be	
  too	
  much	
  for	
  a	
  
support	
  team	
  

	
  
=>	
  SoluCons	
  tailored	
  to	
  each	
  partner!	
  



Next Event  



Team  

and	
  more!	
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