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Science	
  is	
  not	
  a	
  spectator	
  sport 



From	
  Simple	
  Ac/ons	
  Emerge	
  Complex	
  Systems	
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Sugar	
  cane	
  

Rain	
  Forest	
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Decisions	
  have	
  downstream	
  and	
  unintended	
  consequences;	
  
analyses	
  and	
  decisions	
  that	
  u/lize	
  a	
  scien/fic	
  approach	
  bias	
  

our	
  odds	
  towards	
  aIaining	
  viable	
  solu/ons.	
  



Evidence-­‐based	
  Decision-­‐making	
  Requires	
  …	
  Evidence	
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Maddison	
  WP	
  1997	
  Syst.	
  Biol.	
  46(3):	
  523-­‐536	
  



iPToL	
   iPG2P	
  

Evolu/on	
  
(cogni/ve	
  model)	
  

Advances	
  
(scien/fic	
  and	
  social	
  return)	
  

Technology	
  
(drivers)	
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iPlant	
  Integra/ve,	
  Collabora/ve,	
  Science	
  

Ultra	
  High-­‐Throughput	
  Sequencing	
  
(200+	
  Gbp/run)	
  

Associa/on	
  Gene/cs	
  /	
  QTL	
  Mapping	
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Data	
  Integra/on	
  is	
  Hard	
  

Ultra	
  High-­‐Throughput	
  Sequencing	
  
(200+	
  Gbp/run)	
  

Associa/on	
  Gene/cs	
  /	
  QTL	
  Mapping	
  

Three	
  rea
sons:	
  

ScienQfic:
	
  	
  The	
  meaning,	
  re

finement,	
  conte
xt,	
  and	
  va

lue	
  of	
  scie
n/fic	
  idea

s	
  and	
  

concepts	
  
changes	
  w

ith	
  discov
ery;	
  it	
  cha

nges	
  at	
  a	
  
rate	
  faste

r	
  than	
  the
	
  life	
  cycle

	
  

of	
  many	
  inform
a/c	
  infras

tructures
	
  

Technical
:	
  Much	
  meaning	
  an

d	
  seman/cs	
  is	
  im
plicit,	
  not

	
  explicit.	
  	
  
Thus	
  it	
  is	
  

labor	
  inte
nsive	
  to	
  e

xtract	
  con
text	
  and	
  m

erge	
  data
	
  and	
  servi

ces;	
  scalin
g	
  is	
  

linear,	
  no
t	
  exponen

/al.	
  

Social:	
  Va
lue	
  and	
  d

iscoveries
	
  are	
  gene

rated	
  acro
ss	
  discipli

nes,	
  unde
r	
  differen

t	
  

funding	
  m
odels,	
  in	
  d

ifferent	
  in
s/tu/ons

,	
  in	
  differe
nt	
  culture

s,	
  with	
  diff
erent	
  

reward	
  st
ructures	
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Bridging	
  HPC,	
  Enterprise,	
  and	
  Web	
  assets	
  

Founda/onal	
  Infrastructure	
  
Texas	
  Advanced	
  Compu/ng	
  Center	
  	
  

Enterprise	
  Class	
  
Discovery	
  Environment,	
  Atmosphere	
  

	
  	
  	
  	
  	
  	
  	
  Web	
  

Seman/c	
  Integra/on	
  
Seman/c	
  Pipelining	
  

High	
  Performance	
  Compu/ng	
  
64K	
  cores,	
  580	
  Tflops*	
  
Petabyte	
  scale	
  storage	
  	
  

Enterprise	
  Class	
  
Virtual	
  Workdesk	
  

Cloud,	
  Virtual	
  machines	
  	
  

Distributed	
  
Seman/c	
  Web	
  Services	
  
Logic-­‐driven	
  seman/cs	
  	
  

*10	
  Pflops	
  in	
  2013	
  



The	
  An/body	
  Analogy	
  as	
  the	
  Media/on	
  Layer	
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Simple	
  Seman/c	
  Web	
  Architecture	
  and	
  Protocol	
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•  Establish	
  the	
  framework	
  to	
  allow	
  web	
  resources	
  to	
  describe	
  themselves	
  
and	
  their	
  offerings	
  

•  Establish	
  the	
  framework	
  to	
  allow	
  ontological	
  support	
  

•  Provide	
  a	
  seman/cally	
  enabled	
  Discovery	
  Server	
  

hIp://sswap.info	
  	
  



Architecture	
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Web service provider 
(data and/or services) 



Architecture:	
  Protocol	
  

Web service provider 
(data and/or services) 

OWL	
  DL	
  
Descrip/on	
  

hIp:GET	
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Non-­‐seman/c	
  
JSON	
  

Mapping	
  from	
  local	
  schema	
  to	
  OWL	
  via	
  
our	
  HTTP	
  API	
  at	
  h<p://sswap.info/api	
  



Architecture:	
  Protocol	
  

Web service provider 
(data and/or services) 

OWL	
  DL	
  
Descrip/on	
  

hIp:GET	
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Non-­‐seman/c	
  
JSON	
  Mapping	
  from	
  local	
  schema	
  to	
  OWL	
  via	
  

our	
  HTTP	
  API	
  at	
  h<p://sswap.info/api	
  

Ontologies	
  

Winner	
  of	
  
2011	
  InternaDonal	
  SemanDc	
  Web	
  Conference	
  

Best	
  Student	
  Paper	
  



HTTP	
  API:	
  sswap.info/api	
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Architecture:	
  Publica/on	
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OWL	
  DL	
  
Descrip/on	
  

RDG	
  

iPlant Discovery Server 
(Semantic Search Engine) 

RDG:	
  Resource	
  Descrip/on	
  Graph	
  

Web service provider 
(data and/or services) 

/publish	
  



Behind	
  the	
  Scenes	
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•  Read	
  the	
  file	
  as	
  valid	
  RDF/XML	
  OWL	
  SSWAP;	
  

•  Retrieve	
  relevant	
  terms;	
  

•  Disambiguate	
  and	
  validate	
  the	
  graph;	
  

•  Determine	
  on	
  OWL	
  species	
  for	
  reasoning	
  guarantees;	
  

•  Generate	
  inferred	
  truths	
  (Pellet:	
  hIp://clarkparsia.com/pellet)	
  

•  Evaluate	
  consistency:	
  do	
  any	
  statements	
  imply	
  a	
  logical	
  impossibility?	
  

•  Fully	
  classify:	
  make	
  an	
  explicit,	
  complete	
  subsump/on	
  hierarchy;	
  

•  Fully	
  realize:	
  assign	
  each	
  and	
  every	
  individual	
  to	
  its	
  most	
  direct	
  class	
  



w	
  w	
  w	
  .	
  i	
  p	
  l	
  a	
  n	
  t	
  c	
  o	
  l	
  l	
  a	
  b	
  o	
  r	
  a	
  t	
  i	
  v	
  e	
  .	
  o	
  r	
  g 	
  17	
  

Web	
  page	
  

Web site providers 
(pages with data) 

Architecture:	
  Discovery	
  from	
  web	
  sites	
  

You	
  



Architecture:	
  Discovery	
  from	
  web	
  sites	
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Web site providers 
(pages with data) 

Javascript	
  
snippet	
  

Ontologies	
  

Web	
  page	
   Non-­‐seman/c	
  
JSON	
  

You	
  

iPlant Discovery Server 
(Semantic Search Engine) 
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iPlant Discovery Server 
(Semantic Search Engine) 

Architecture:	
  Discovery	
  from	
  web	
  sites	
  

You	
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iPlant Discovery Server 
(Semantic Search Engine) 

Architecture:	
  Discovery	
  from	
  web	
  sites	
  

You	
  



iPlant	
  Seman/c	
  Pipeline	
  
Discovery	
  from	
  any	
  web	
  site	
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Mock	
  page	
  for	
  proof-­‐of-­‐principal	
  only 



iPlant	
  Seman/c	
  Pipeline	
  
Automa/cally	
  presents	
  seman/c	
  results	
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On-­‐demand	
  Transac/on-­‐/me	
  Reasoning	
  
for	
  Resolving	
  Seman/c	
  Querying	
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Subject	
   Object	
  Resource	
  

mapsTo	
  

subclass super	
  class subclass 

Arbitrary	
  
Complex	
  
Class	
  

Arbitrary	
  
Complex	
  
Class	
  

Arbitrary	
  
Complex	
  
Class	
  

rdf:type 

Query:	
  RQG	
  (Resource	
  Query	
  Graph) 

Data	
  store:	
  RDGs	
  (Resource	
  Descrip/on	
  Graphs) 



iPlant	
  Seman/c	
  Pipeline	
  
Automa/c	
  seman/c	
  match-­‐making	
  on	
  DnD	
  drop	
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iPlant	
  Seman/c	
  Pipeline	
  
Real-­‐/me	
  reasoning	
  on	
  pipeline	
  sanity	
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iPlant	
  Seman/c	
  Pipeline	
  
DnD	
  posi/oning	
  for	
  constrained	
  service	
  matching	
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iPlant	
  Seman/c	
  Pipeline	
  
DnD	
  pipeline	
  edi/ng	
  with	
  …	
  

w	
  w	
  w	
  .	
  i	
  p	
  l	
  a	
  n	
  t	
  c	
  o	
  l	
  l	
  a	
  b	
  o	
  r	
  a	
  t	
  i	
  v	
  e	
  .	
  o	
  r	
  g 	
  27	
  



iPlant	
  Seman/c	
  Pipeline	
  
…	
  automa/c	
  enforcement	
  of	
  seman/c	
  sanity	
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iPlant	
  Seman/c	
  Pipeline	
  
Generic,	
  automa/c	
  seman/c	
  support	
  for	
  required	
  and	
  op/onal	
  service	
  parameters	
  



iPlant	
  Seman/c	
  Pipeline	
  
‘Play’	
  enabled	
  when	
  data	
  condi/ons	
  are	
  met	
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iPlant	
  Seman/c	
  Pipeline	
  
‘Pause’	
  between	
  independent	
  web	
  services	
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iPlant	
  Seman/c	
  Pipeline	
  
Generic	
  data	
  viewer	
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iPlant	
  Seman/c	
  Pipeline	
  
100%	
  idempotent	
  and	
  RESTful	
  via	
  JSON	
  API	
  to	
  a	
  separate,	
  underlying	
  pipeline	
  manager	
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Ontological	
  AIributes	
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•  Ontologies	
  are	
  developed,	
  maintained,	
  and	
  evolve	
  distribu/vely;	
  
•  Concepts	
  and	
  proper/es	
  are	
  related	
  logically	
  (across	
  ontology	
  

domains)	
  by	
  first-­‐order	
  logic	
  rela/ons,	
  rather	
  than	
  solely	
  physically	
  
(all	
  in	
  the	
  same	
  file);	
  

•  Ontology	
  alignment	
  is	
  opera/onal	
  and	
  ephemeral	
  (the	
  service	
  ac/on	
  
of	
  mapping	
  input	
  data	
  of	
  one	
  type	
  to	
  output	
  data	
  of	
  another	
  type),	
  
rather	
  than	
  sta/cally	
  with	
  axioma/c	
  rela/ons;	
  

•  Querying	
  and	
  discovery	
  is	
  based	
  on	
  subsump/on	
  matching,	
  rather	
  
than	
  exposed	
  SPARQL	
  queries;	
  

•  Reasoning	
  is	
  employed	
  at	
  transac/on-­‐/me,	
  both	
  at	
  the	
  Discovery	
  
Server	
  and	
  individual	
  third-­‐party	
  seman/c	
  web	
  service	
  points.	
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Seman/c	
  documents	
  described	
  in	
  this	
  talk:	
  
PDG:	
  Provider	
  Descrip/on	
  Graph	
  
RDG:	
  Resource	
  Descrip/on	
  Graph	
  
RIG:	
  Resource	
  Invoca/on	
  Graph	
  
RRG:	
  Resource	
  Response	
  Graph	
  

RQG:	
  Resource	
  Query	
  Graph 

PDG	
  

w	
  w	
  w	
  .	
  i	
  p	
  l	
  a	
  n	
  t	
  c	
  o	
  l	
  l	
  a	
  b	
  o	
  r	
  a	
  t	
  i	
  v	
  e	
  .	
  o	
  r	
  g 	
  35	
  



Acknowledgements	
  

w	
  w	
  w	
  .	
  i	
  p	
  l	
  a	
  n	
  t	
  c	
  o	
  l	
  l	
  a	
  b	
  o	
  r	
  a	
  t	
  i	
  v	
  e	
  .	
  o	
  r	
  g 	
  36	
  

For	
  more	
  informa/on	
  please	
  contact:	
  

dgessler	
  (at)	
  iplantcollaboraQve	
  (dot)	
  org	
  

Special	
  thanks	
  to:	
  

•  iPlant	
  Collabora/ve	
  

•  Clark	
  and	
  Parsia,	
  LLC	
  

•  NSF	
  grants	
  #0943879	
  and	
  #EF-­‐0735191	
  	
  


