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Big	
  Data	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
•  12	
  terabytes	
  of	
  Tweets	
  created	
  daily	
  
•  30	
  terabytes	
  of	
  telescope	
  data	
  each	
  night	
  
•  350	
  billion	
  meter	
  readings	
  	
  
•  ...	
  

“Big	
  data	
  consists	
  of	
  data	
  sets	
  that	
  grow	
  
so	
  large	
  that	
  they	
  become	
  awkward	
  to	
  
work	
  with	
  using	
  on-­‐hand	
  database	
  
management	
  tools.”	
  	
  (Wikipedia)	
  



Op6que	
  Case	
  Study:	
  Statoil	
  Explora6on	
  

Experts	
  in	
  geology	
  and	
  geophysics	
  develop	
  
stra6graphic	
  models	
  of	
  unexplored	
  areas.	
  
•  Based	
  on	
  produc6on	
  and	
  explora6on	
  

data	
  from	
  nearby	
  loca6ons	
  
•  Analy6cs	
  on:	
  

•  1,000	
  TB	
  of	
  rela6onal	
  data	
  
•  using	
  diverse	
  schemata	
  
•  spread	
  over	
  2,000	
  tables	
  
•  spread	
  over	
  mul6ple	
  individual	
  data	
  bases	
  

•  900	
  experts	
  in	
  Statoil	
  Explora6on	
  
•  up	
  to	
  4	
  days	
  for	
  new	
  data	
  access	
  queries	
  
•  assistance	
  from	
  IT-­‐experts	
  required	
  





Life	
  Sciences	
  and	
  Pharma	
  Databases	
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Wealth	
  of	
  Open	
  Gov	
  Data	
  	
  



Semantic Technologies for  
Horizontal Big Data 

Linked	
  Data	
  
•  Set	
  of	
  standards,	
  principles	
  for	
  publishing,	
  sharing	
  and	
  interrela6ng	
  

structured	
  data:	
  RDF	
  as	
  data	
  model,	
  SPARQL	
  for	
  querying	
  
•  Graph-­‐based	
  data	
  model	
  for	
  achieving	
  higher	
  degree	
  of	
  variety	
  
•  Seman6cally	
  interlink	
  data	
  scabered	
  among	
  different	
  informa6on	
  spaces:	
  

from	
  data	
  silos	
  to	
  a	
  Web	
  of	
  Data	
  
•  Linked	
  Data	
  as	
  abstrac6on	
  layer	
  for	
  virtualized	
  data	
  access	
  across	
  data	
  

spaces	
  
	
  
Ontologies	
  
•  For	
  describing	
  the	
  seman;cs	
  of	
  the	
  data	
  	
  
•  As	
  conceptual	
  models	
  for	
  end-­‐user	
  oriented	
  access	
  
•  For	
  the	
  integra;on	
  of	
  heterogeneous	
  sources	
  
•  For	
  (light-­‐weight)	
  reasoning	
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Linked	
  Open	
  Data	
  Cloud:	
  An	
  Example	
  of	
  Horizontal	
  Big	
  Data	
  
	
  



Sample	
  SPARQL	
  Query	
  

PREFIX	
  rdf:	
  <hbp://www.w3.org/1999/02/22-­‐rdf-­‐syntax-­‐ns#>	
  
PREFIX	
  skos:	
  <hbp://www.w3.org/2004/02/skos/core#>	
  
PREFIX	
  biopax2:	
  <hbp://www.biopax.org/release/biopax-­‐level2.owl#>	
  
PREFIX	
  uniprot:	
  <hbp://purl.uniprot.org/core/>	
  
PREFIX	
  drugbank:	
  <hbp://www4.wiwiss.fu-­‐berlin.de/drugbank/resource/drugbank/>	
  
	
  
SELECT	
  dis6nct	
  ?fullname	
  
WHERE	
  {	
  
	
  	
  	
  	
  ?interac6on	
  biopax2:PARTICIPANTS	
  ?par6cipant	
  .	
  
	
  	
  	
  	
  ?par6cipant	
  biopax2:PHYSICAL-­‐ENTITY	
  ?physicalEn6ty	
  .	
  
	
  	
  	
  	
  ?physicalEn6ty	
  skos:exactMatch	
  ?protein	
  .	
  
	
  	
  	
  	
  ?protein	
  uniprot:classifiedWith	
  <hbp://purl.uniprot.org/go/0006954>.	
  
	
  	
  	
  	
  ?protein	
  uniprot:recommendedName	
  ?name.	
  
	
  	
  	
  	
  ?name	
  uniprot:fullName	
  ?fullname	
  .	
  
	
  	
  	
  	
  ?protein	
  uniprot:mnemonic	
  ?mnemonic	
  .	
  
	
  	
  	
  	
  ?target	
  drugbank:swissprotName	
  ?mnemonic	
  .	
  
}	
  

Find	
  all	
  proteins	
  that	
  are	
  linked	
  to	
  a	
  curated	
  molecular	
  interac?on,	
  to	
  inflammatory	
  
response	
  and	
  to	
  a	
  target	
  of	
  an	
  exis?ng	
  drug	
  



On	
  Demand	
  Access	
  to	
  Big	
  Data	
  

Enabling	
  on	
  demand	
  data	
  access	
  
1.  discovery	
  of	
  relevant	
  data	
  sources	
  
2.  automated	
  integra6on	
  and	
  interlinking	
  of	
  sources,	
  and	
  	
  
3.  interac6ve	
  explora6on	
  and	
  ad	
  hoc	
  analysis	
  of	
  data	
  



Everything	
  as	
  a	
  Service	
  

•  Abstract	
  from	
  physical	
  implementa;on	
  details	
  and	
  loca;on	
  
of	
  resources	
  

•  Regardless	
  of	
  geographic	
  or	
  organiza6onal	
  separa;on	
  of	
  
provider	
  and	
  consumer	
  

	
  
•  “In	
  the	
  cloud”	
  
•  Web	
  based	
  
•  Virtualized	
  
•  On-­‐demand	
  
•  Self-­‐service	
  
•  Scalable	
  
•  Pay	
  as	
  you	
  go	
   Infrastructure as a Service 

Platform as a Service 

Software as a Service 

Data as a Service 



Linked	
  Data	
  as	
  a	
  Service	
  

	
  
•  Data	
  virtualiza;on	
  supported	
  by	
  Linked	
  Data	
  principles	
  

1.  Use	
  URIs	
  as	
  names	
  for	
  things	
  	
  
2.  Use	
  HTTP	
  URIs	
  so	
  that	
  people	
  can	
  look	
  up	
  those	
  names.	
  	
  
3.  When	
  someone	
  looks	
  up	
  a	
  URI,	
  provide	
  useful	
  informa6on,	
  using	
  the	
  standards:	
  RDF,	
  SPARQL	
  	
  
4.  Include	
  links	
  to	
  other	
  URIs,	
  to	
  discover	
  more	
  things.	
  

•  Linked	
  Data	
  as	
  abstrac6on	
  layer	
  for	
  virtualized	
  data	
  access	
  across	
  data	
  spaces	
  
•  Enables	
  data	
  portability	
  across	
  current	
  data	
  silos	
  	
  
•  Plaqorm	
  independent	
  data	
  access	
  

•  Basis	
  for	
  enabling	
  automa;on	
  of	
  discovery,	
  composi;on,	
  and	
  use	
  of	
  datasets	
  

14	
  

“Like	
   all	
   members	
   of	
   the	
   "as	
   a	
   Service”	
   family,	
   DaaS	
   is	
   based	
   on	
   the	
  
concept	
  that	
  the	
  product,	
  data	
  in	
  this	
  case,	
  can	
  be	
  provided	
  on	
  demand	
  
to	
   the	
   user	
   regardless	
   of	
   geographic	
   or	
   organiza6onal	
   separa6on	
   of	
  
provider	
  and	
  consumer.”	
  

Source:	
  Wikipedia	
  



Informa6on	
  Workbench:	
  
Linked	
  Data	
  as	
  a	
  Service	
  in	
  a	
  Cloud	
  Plaqorm	
  Architecture	
  

Pr
ov
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  M
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g	
  
	
  a
nd

	
  	
  M
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em
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t	
  

Infrastructure	
  Layer	
  (IaaS)	
  

Virtualiza5on	
  Layer	
  

Network	
   Compu6ng	
  Resources	
  Netw.-­‐Ab.	
  Storage	
  

Data	
  Layer	
  (DaaS)	
  

Open	
  Data	
  Sources	
  Enterprise	
  Data	
  Sources	
  

Applica5on	
  Layer	
  (SaaS)	
  



Self-­‐service	
  
Deployment	
   Data	
  Discovery	
  

•  Self-­‐service	
  deployment	
  
of	
  the	
  Informa?on	
  
Workbench	
  in	
  the	
  cloud	
  

•  Pay-­‐per-­‐use	
  
•  Scalability	
  on	
  demand	
  

•  On	
  demand	
  access	
  to	
  
private	
  and	
  public	
  
data	
  sources	
  

•  Dynamic	
  Discovery	
  

Data	
  Integra6on	
  
&	
  Federa6on	
  

•  Living	
  UI,	
  composed	
  
from	
  seman6cs-­‐aware	
  
widgets	
  

•  Ad	
  hoc	
  data	
  
explora6on,	
  
visualiza6on,	
  analy6cs	
  

Self-­‐service	
  UI	
  &	
  
Analy6cs	
  

Pr
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Infrastructure	
  Layer	
  (IaaS)	
  

Virtualiza5on	
  Layer	
  

Network	
   Compu6ng	
  Resources	
  Netw.-­‐Ab.	
  Storage	
   Open	
  Data	
  Sources	
  Enterprise	
  Data	
  Sources	
  

Applica5on	
  Layer	
  (SaaS)	
  

Data	
  Layer	
  (DaaS)	
  

•  Virtualized	
  data	
  
access	
  

•  Dynamic	
  integra6on	
  &	
  
federa6on	
  of	
  data	
  
sources	
  



Informa6on	
  Workbench	
  -­‐	
  Linked	
  Data	
  Plaqorm	
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  Informa;on	
  Workbench:	
  
§  Seman6cs-­‐	
  &	
  Linked	
  Data-­‐based	
  

integra;on	
  of	
  private	
  and	
  public	
  
data	
  sources	
  

§  Intelligent	
  Data	
  Access	
  and	
  
Analy;cs	
  
§  Visual	
  Explora6on	
  
§  Seman6c	
  Search	
  
§  Dashboarding	
  and	
  Repor6ng	
  

§  Collabora;on	
  and	
  knowledge	
  
management	
  plaqorm	
  
§  Wiki-­‐based	
  cura6on	
  &	
  

authoring	
  of	
  data	
  
§  Collabora6ve	
  workflows	
  Seman6c	
  Web	
  Data	
  



Linked	
  Data	
  Integra6on	
  Approaches	
  

Centralized	
  Integra;on 	
   	
   	
  	
  
•  Following	
  a	
  data	
  warehousing	
  approach	
  

•  Data	
  providers	
  periodically	
  gather	
  data	
  
	
  from	
  sources	
  and	
  li=	
  it	
  to	
  seman6c	
  data	
  
	
  formats	
  

•  Graph-­‐based	
  data	
  format	
  enables	
  pay-­‐as-­‐
	
  you-­‐go	
  integra6on	
  of	
  legacy	
  data	
  sources	
  

•  Informa6on	
  Workbench	
  comes	
  with	
  
	
  predefined	
  providers	
  for	
  various	
  formats	
  
	
  and	
  data	
  sources	
  (Spreadsheets,	
  XML,	
  …)	
  

	
  

Virtualized	
  Integra;on	
  
•  Autonomous,	
  distributed	
  data	
  sources	
  

linked	
  through	
  a	
  federa6on	
  layer	
  

•  No	
  central	
  integra6on	
  required	
  

•  Data	
  sources	
  can	
  be	
  added	
  ad	
  hoc,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
on	
  demand	
  

•  Federa6on	
  mediator	
  for	
  query	
  processing	
  
(rou6ng	
  sub	
  queries	
  to	
  relevant	
  sources)	
  

	
  
Centralized 

Store 

Data Provider 

Query	
  

Federation Mediator 

Query	
  



Enabling	
  Data	
  Composi6on	
  &	
  Integra6on:	
  
Federa?on	
  of	
  Virtualized	
  Data	
  Sources	
  

Applica5on	
  Layer	
  

Virtualiza5on	
  Layer	
  

Data	
  Layer	
  

Data	
  Source	
   Data	
  Source	
   Data	
  Source	
   Data	
  Source	
  

SPARQL	
  
Endpoint	
  

SPARQL	
  
Endpoint	
  

SPARQL	
  
Endpoint	
  

SPARQL	
  
Endpoint	
   Metadata	
  	
  

Registry	
  

See	
  also:	
  FedX:	
  Op5miza5on	
  Techniques	
  for	
  Federated	
  Query	
  Processing	
  on	
  Linked	
  Data	
  (ISWC2011)	
  
	
  



FedX	
  Query	
  Processor	
  

§  Efficient	
  SPARQL	
  query	
  processing	
  over	
  mul6ple	
  distributed	
  
sources	
  

§  Data	
  sources	
  are	
  known	
  and	
  accessible	
  as	
  SPARQL	
  endpoints	
  
§  FedX	
  is	
  designed	
  to	
  be	
  fully	
  compa6ble	
  with	
  SPARQL	
  1.0	
  

•  Complementary	
  approach	
  to	
  SPARQL	
  1.1,	
  where	
  sources	
  are	
  specified	
  
in	
  the	
  query	
  

•  Many	
  of	
  the	
  op6miza6on	
  techniques	
  naturally	
  carry	
  over	
  to	
  SPARQL	
  1.1	
  
query	
  processing	
  

§  Querying	
  requires	
  no	
  a-­‐priori	
  knowledge	
  about	
  data	
  sources	
  
•  No	
  local	
  preprocessing	
  of	
  the	
  data	
  sources	
  required	
  
•  No	
  need	
  for	
  pre-­‐computed	
  sta6s6cs	
  
•  On-­‐demand	
  federa6on	
  setup	
  
-­‐>	
  enables	
  ad	
  hoc	
  queries	
  against	
  arbitrary	
  SPARQL	
  endpoint	
  federa6ons	
  	
  

	
  



Federated	
  Query	
  Processing	
  

Example	
  scenario	
  
§  DBpedia	
  and	
  New	
  York	
  Times	
  collec6ons	
  

•  DBpedia	
  as	
  structured	
  knowledge	
  base	
  
•  New	
  York	
  Times	
  as	
  a	
  news	
  provider	
  

è  Query	
  both	
  data	
  collec;ons	
  in	
  an	
  integrated	
  way	
  

	
  
Example	
  query	
  might	
  look	
  as	
  follows:	
  
§  Find	
  US	
  presidents	
  and	
  associated	
  news	
  ar6cles	
  	
  
	
  SELECT ?President ?Party ?TopicPage WHERE { 
   ?President rdf:type dbpedia-yago:PresidentsOfTheUnitedStates . 
   ?nytPresident owl:sameAs ?President . 
   ?President dbpedia:party ?Party . 
   ?nytPresident nytimes:topicPage ?TopicPage . 
}	
  



Federated	
  Query	
  Processing	
  

Example:	
  
	
   SELECT ?President ?Party ?TopicPage WHERE { 

 
 
    ... 
} 

 ?President rdf:type dbpedia-yago:PresidentsOfTheUnitedStates . 
 ?nytPresident owl:sameAs ?President . 

 ?President rdf:type dbpedia-yago:PresidentsOfTheUnitedStates .	
  

“Barack	
  Obama”	
  
“George	
  W.	
  Bush”	
  
...	
  

“Barack	
  Obama”	
  
“George	
  W.	
  Bush”	
  
...	
  

SP
AR

Q
L	
  

DBpedia	
  

SP
AR

Q
L	
  

NYTimes	
  

Federa6on	
  
Mediator	
  



	
  
	
  

“Barack	
  Obama”	
  
“George	
  W.	
  Bush”	
  
...	
  

nyt:Obama	
  

SELECT ?President ?Party ?TopicPage WHERE { 
 
 
    ... 
} 

Federated	
  Query	
  Processing	
  

Example	
  
	
    ?President rdf:type dbpedia-yago:PresidentsOfTheUnitedStates . 

 ?nytPresident owl:sameAs ?President . 

?nytPresident owl:sameAs “Barack Obama” . 

yago:Obama	
  

 ?nytPresident owl:sameAs “Barack Obama” . 

“Barack	
  Obama”,	
  	
  yago:Obama	
  
“Barack	
  Obama”,	
  	
  nyt:Obama	
  

Input:	
  

Output:	
  
SP
AR

Q
L	
  

DBpedia	
  

SP
AR

Q
L	
  

NYTimes	
  

Federa6on	
  
Mediator	
  



SELECT ?President ?Party ?TopicPage WHERE { 
 
 
    ... 
} 

Federated	
  Query	
  Processing	
  

Example	
  
	
    ?President rdf:type dbpedia-yago:PresidentsOfTheUnitedStates . 

 ?nytPresident owl:sameAs “George W. Bush” .  ?nytPresident owl:sameAs “George W. Bush” . 

...	
  and	
  so	
  on	
  for	
  the	
  other	
  intermediate	
  
mappings	
  and	
  	
  triple	
  pa\erns	
  ...	
  

nyt:Bush	
  

“Barack	
  Obama”	
  
“George	
  W.	
  Bush”	
  
...	
  

Input:	
  

“Barack	
  Obama”,	
  	
  yago:Obama	
  
“Barack	
  Obama”,	
  	
  nyt:Obama	
  
“George	
  W.	
  Bush”,	
  nyt:Bush	
  

Output:	
   “Barack	
  Obama”,	
  	
  yago:Obama	
  
“Barack	
  Obama”,	
  	
  nyt:Obama	
  

SP
AR

Q
L	
  

DBpedia	
  

SP
AR

Q
L	
  

NYTimes	
  

Federa6on	
  
Mediator	
  



FedX	
  Federated	
  Query	
  Processing	
  

1.)	
  Involve	
  only	
  relevant	
  sources	
  in	
  the	
  evalua6on	
  
	
  Problem:	
  Subqueries	
  are	
  sent	
  to	
  all	
  sources,	
  although	
  poten6ally	
  irrelevant	
  	
  

2.)	
  Compute	
  joins	
  close	
  to	
  the	
  data	
  
	
  Problem:	
  All	
  joins	
  are	
  executed	
  locally	
  in	
  a	
  nested	
  loop	
  fashion	
  

3.)	
  Reduce	
  remote	
  communica6on	
  
	
  Problem:	
  Nested	
  loop	
  join	
  causes	
  many	
  remote	
  requests	
   25	
  



Op6miza6on	
  Techniques	
  

1.)	
  Involve	
  only	
  relevant	
  sources	
  in	
  the	
  evalua6on	
  
	
  Problem:	
  Subqueries	
  are	
  sent	
  to	
  all	
  sources,	
  although	
  poten6ally	
  irrelevant	
  	
  

Op6miza6on	
  Approach:	
  Improved	
  Source	
  Selec?on	
  
	
  

Idea:	
  Annotate	
  Triple	
  pa\erns	
  with	
  relevant	
  sources	
  
•  Iden6fy	
  sources	
  that	
  can	
  contribute	
  informa6on	
  for	
  a	
  par6cular	
  triple	
  
pabern	
  

•  Done	
  via	
  SPARQL	
  ASK	
  requests	
  in	
  conjunc6on	
  with	
  a	
  local	
  cache	
  
A=er	
  a	
  warm-­‐up	
  period	
  the	
  cache	
  knows	
  the	
  capabili6es	
  of	
  the	
  data	
  sources	
  

	
  	
  	
  	
  	
  	
  è	
  During	
  source	
  selec6on	
  remote	
  requests	
  can	
  be	
  avoided	
  



Op6miza6on	
  Techniques	
  

2.)	
  Compute	
  joins	
  close	
  to	
  the	
  data	
  
	
  Problem:	
  All	
  joins	
  are	
  executed	
  locally	
  in	
  a	
  nested	
  loop	
  fashion	
  

Op6miza6on	
  Approach:	
  Exclusive	
  Groups	
  
	
  

Idea:	
  Group	
  triple	
  pa\erns	
  with	
  the	
  same	
  single	
  relevant	
  source	
  
•  Evalua6on	
  in	
  a	
  single	
  (remote)	
  subquery	
  
•  Push	
  join	
  to	
  the	
  relevant	
  endpoint	
  



Op6miza6on	
  Techniques	
  

Example:	
  Source	
  Selec6on	
  +	
  Exclusive	
  Groups	
  

SELECT ?President ?Party ?TopicPage WHERE { 
 ?President rdf:type dbpedia-yago:PresidentsOfTheUnitedStates . 
 ?President dbpedia:party ?Party . 
 ?nytPresident owl:sameAs ?President . 
 ?nytPresident nytimes:topicPage ?TopicPage . 
} 
	
  

Source	
  Selec;on	
  
@ DBpedia 
@ DBpedia 
@ DBpedia, NYTimes 
@ NYTimes 

Exclusive	
  Group	
  

è Avoid	
  sending	
  subqueries	
  to	
  sources	
  that	
  are	
  not	
  relevant	
  
è Delegate	
  joins	
  to	
  the	
  endpoint	
  by	
  forming	
  exclusive	
  groups	
  (i.e.	
  execu;ng	
  

the	
  respec;ve	
  pa\erns	
  in	
  a	
  single	
  subquery)	
  



Op6miza6on	
  Techniques	
  

3.)	
  Reduce	
  remote	
  communica6on	
  
	
  Problem:	
  Nested	
  loop	
  join	
  causes	
  many	
  remote	
  requests	
  

Op6miza6on	
  Approach:	
  Improve	
  Join	
  Order	
  
	
  

Idea:	
  Itera;vely	
  determine	
  the	
  join	
  order	
  based	
  on	
  count-­‐heuris;c	
  
•  Count	
  free	
  variables	
  of	
  triple	
  paberns	
  and	
  groups	
  
•  Consider	
  "resolved"	
  variable	
  mappings	
  from	
  earlier	
  itera6on	
  

Op6miza6on	
  Approach:	
  Bound	
  Joins	
  
	
  

Idea:	
  Compute	
  joins	
  in	
  a	
  block	
  nested	
  loop	
  fashion	
  
•  Reduce	
  the	
  number	
  of	
  requests	
  by	
  "vectored"	
  evalua6on	
  of	
  a	
  set	
  of	
  input	
  bindings	
  
•  Renaming	
  and	
  Post-­‐Processing	
  technique	
  for	
  SPARQL	
  1.0	
  
•  In	
  SPARQL	
  1.1:	
  send	
  mul6ple	
  bindings	
  using	
  new	
  BIND	
  clause	
  



Op6miza6on	
  Techniques	
  

Example:	
  Bound	
  Joins	
  
	
  
SELECT ?President ?Party ?TopicPage WHERE { 
   ?President rdf:type dbpedia:PresidentsOfTheUnitedStates . 
   ?President dbpedia:party ?Party . 
   ?nytPresident owl:sameAs ?President . 
   ?nytPresident nytimes:topicPage ?TopicPage . 
} 
	
  

Assume	
  that	
  the	
  following	
  intermediate	
  results	
  have	
  been	
  computed	
  as	
  input	
  for	
  the	
  last	
  triple	
  pabern	
  

Block	
  Input	
  
“Barack	
  Obama”	
  
“George	
  W.	
  Bush”	
  
…	
  

Before	
  (NLJ)	
  
SELECT	
  ?TopicPage	
  WHERE	
  {	
  “Barack	
  Obama”	
  ny6mes:topicPage	
  ?TopicPage	
  }	
  
SELECT	
  ?TopicPage	
  WHERE	
  {	
  “George	
  W.	
  Bush”	
  ny6mes:topicPage	
  ?TopicPage	
  }	
  
…	
  

Now:	
  	
  Evalua;on	
  in	
  a	
  single	
  remote	
  request	
  using	
  a	
  SPARQL	
  UNION	
  
construct	
  +	
  local	
  post	
  processing	
  (SPARQL	
  1.0)	
  



Experimental	
  Sezng	
  I:	
  
Comparison	
  with	
  State-­‐of-­‐the-­‐art	
  Systems	
  

Evalua;on	
  based	
  on	
  FedBench	
  benchmark	
  suite	
  
§  14	
  queries	
  from	
  the	
  Cross	
  Domain	
  (CD)	
  and	
  Life	
  Science	
  (LS)	
  collec6ons	
  
§  Executed	
  over	
  real-­‐world	
  data	
  from	
  the	
  Linked	
  Open	
  Data	
  cloud	
  

•  CD	
  scenario:	
  6	
  data	
  sources	
  containing	
  about	
  150M	
  triples	
  
•  LS	
  scenario:	
  4	
  data	
  sources	
  containing	
  about	
  50M	
  triples	
  

§  Queries	
  vary	
  in	
  complexity,	
  size,	
  structure,	
  and	
  sources	
  involved	
  
§  Comparison	
  with	
  AliBaba	
  and	
  DARQ	
  systems	
  for	
  federated	
  query	
  processing:	
  

Benchmark	
  environment	
  
§  Local	
  copies	
  of	
  the	
  SPARQL	
  endpoints	
  to	
  ensure	
  reproducibility	
  and	
  reliability	
  of	
  the	
  

service	
  
§  Set	
  up	
  on	
  a	
  HP	
  Proliant	
  2GHz	
  4Core,	
  32GB	
  RAM	
  
§  20GB	
  RAM	
  for	
  server	
  (federa6on	
  mediator)	
  
§  Use	
  the	
  infrastructure/execu6on	
  framework	
  provided	
  by	
  FedBench	
  

	
  



Sezng	
  I:	
  Evalua6on	
  Results	
  

Evalua;on	
  ;mes	
  of	
  Cross	
  Domain	
  (CD)	
  and	
  Life	
  Science	
  (LS)	
  queries	
  

	
  



Sezng	
  I:	
  Evalua6on	
  Results	
  

Number	
  of	
  requests	
  sent	
  to	
  the	
  endpoints	
  

Run6mes	
  
AliBaba:	
  	
  >600s	
  
DARQ:	
  >600s	
  
FedX:	
  0.109s	
  

Run6mes	
  
AliBaba:	
  	
  >600s	
  
DARQ:	
  133s	
  
FedX:	
  1.4s	
  



Experimental	
  Sezng	
  II:	
  	
  
Evalua6ng	
  a	
  Large-­‐scale	
  Federa6on	
  

Evalua;on	
  based	
  on	
  Bio2RDF	
  federa;on	
  
§  Queries	
  from	
  FedBench	
  Life	
  Science	
  (LS)	
  collec6ons	
  +	
  Linked	
  Life	
  Data	
  project	
  (LLD)	
  
§  Executed	
  over	
  a	
  large	
  scale	
  federa6on:	
  

•  29	
  SPARQL	
  endpoints,	
  varying	
  from	
  tens	
  of	
  thousands	
  to	
  billions	
  of	
  triples	
  
•  Total	
  sum	
  of	
  RDF	
  triples:	
  4B+	
  

Benchmark	
  environment	
  
§  Local	
  Sezng	
  

•  SPARQL	
  endpoints	
  hosted	
  on	
  2	
  machines	
  	
  
	
  in	
  local	
  data	
  center	
  

•  Total	
  of	
  10	
  CPUs	
  with	
  2-­‐3GHz	
  
•  Total	
  of	
  84GB	
  RAM,	
  fast	
  storage	
  

§  Hybrid	
  Sezng	
  
•  Outsourcing	
  of	
  three	
  SPARQL	
  endpoints	
  

to	
  AWS	
  cloud	
  (m2.2xlarge	
  instance)	
  
•  Remaining	
  instances	
  distributed	
  on	
  local	
  

infrastructure	
  described	
  before)	
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Comparison	
  of	
  query	
  evalua;on	
  ;me	
  in	
  local	
  and	
  hybrid	
  federa;on	
  

Sezng	
  II:	
  Performance	
  

Key	
  Findings	
  
	
  
1.	
  Both	
  local	
  and	
  hybrid	
  
sezng	
  exhibit	
  prac6cal	
  
evalua6on	
  6mes	
  
	
  
2.	
  Typically	
  low	
  
overhead	
  in	
  hybrid	
  
federa6on	
  setup	
  due	
  
to	
  increased	
  
communica6on	
  costs	
  
	
  
3.	
  For	
  some	
  queries,	
  
hybrid	
  federa6on	
  even	
  
outperforms	
  local	
  
federa6on	
  due	
  to	
  
beber	
  load	
  distribu6on	
  
	
  



Enabling	
  On	
  Demand	
  Use:	
  
Self-­‐service	
  Linked	
  Data	
  Frontend	
  
•  Ontology-­‐driven	
  template	
  mechanism	
  
•  Declara;ve	
  specifica;on	
  of	
  the	
  UI	
  

based	
  on	
  available	
  pool	
  of	
  widgets	
  and	
  
declara6ve	
  wiki-­‐based	
  syntax	
  

•  Widgets	
  have	
  direct	
  access	
  to	
  the	
  DB	
  
•  Ad	
  hoc	
  data	
  explora6on,	
  visualiza6on,	
  

analy6cs,	
  dashboards,	
  ...	
  

Wiki	
  Page	
  in	
  Edit	
  Mode	
  …	
   …	
  and	
  Displayed	
  Result	
  Page	
  



Rich	
  Pool	
  of	
  Available	
  Widgets	
  for	
  Interac6ng	
  	
  
with	
  the	
  Integrated	
  Data	
  

Analy;cs	
  and	
  Repor;ng	
  Visualiza;on	
  and	
  Explora;on	
  

	
  

Mashups	
  with	
  Social	
  Media	
  
Authoring	
  and	
  Content	
  Crea;on	
  

Widgets can be integrated into Semantic Wiki 
pages using an intuitive, declarative syntax. 



Widget-­‐based	
  Visualiza6on	
  and	
  Query	
  
Construc6on	
  



Enabling	
  On	
  Demand	
  Data	
  Discovery:	
  
Metadata	
  about	
  Data	
  Sets	
  
•  Metadata	
  about	
  data	
  sources	
  essen6al	
  for	
  dynamic	
  discovery	
  
•  Based	
  on	
  metadata	
  vocabularies	
  (VoID,	
  DCAT)	
  
•  Access	
  to	
  data	
  registered	
  at	
  global	
  registries,	
  e.g.	
  ckan.org,	
  data.gov,	
  …	
  
•  Sort/filter	
  data	
  sets	
  by	
  topic,	
  license,	
  size	
  and	
  many	
  more	
  facets	
  to	
  iden6fy	
  

relevant	
  data	
  
•  Visually	
  explore	
  data	
  sets	
  



Example:	
  Linked	
  Data	
  in	
  Pharma	
  

Integ	
  

Public	
  Data	
  Sources	
  

Search,	
  Interrogate	
  and	
  
Reason	
  

Capture	
  and	
  Augment	
  
Knowledge	
  

Visualize,	
  Analyze	
  and	
  
Explore	
  

Integrated	
  data	
  graph	
  over	
  all	
  data	
  sources	
  

Private	
  Data	
  Sources	
  

Main	
  Use	
  Cases	
  
	
  

•  Integrate	
  data	
  from	
  
company-­‐internal	
  
data	
  silos	
  

•  Augment	
  company-­‐
internal	
  data	
  with	
  
Linked	
  Open	
  Data	
  

•  Collabora6ve	
  
knowledge	
  
management	
  

•  Support	
  of	
  internal	
  
processes	
  (drug	
  
development)	
  	
  



Informa6on	
  Workbench	
  –	
  Linked	
  Data	
  as	
  a	
  Service	
  
Applica?on	
  Areas	
  

Knowledge	
  Management	
  in	
  the	
  
Life	
  Sciences	
  
	
  
	
  
	
  

Digital	
  Libraries,	
  Media	
  and	
  
Content	
  Management	
  
	
  
	
  
	
  

Intelligent	
  Data	
  Center	
  
Management	
  
	
  



Example:	
  A	
  Cloud	
  Portal	
  for	
  Access	
  to	
  Open	
  Data	
  
with	
  the	
  Informa6on	
  Workbench	
  

Goal	
  
•  Collect	
  meta	
  data	
  from	
  global	
  data	
  markets	
  (LOD	
  

Cloud,	
  WorldBank,	
  Eurostat,	
  CKAN,	
  …)	
  
•  Allow	
  integrated	
  search	
  and	
  ad	
  hoc	
  integra6on	
  of	
  data	
  

sources	
  from	
  different	
  repositories	
  
•  Link	
  data	
  with	
  private/internal	
  data	
  sources,	
  if	
  desired	
  
•  Support	
  semi-­‐automated	
  linking	
  between	
  data	
  sets	
  
•  Provide	
  visualiza6on,	
  explora6on,	
  and	
  analy6cs	
  

func6onality	
  on	
  top	
  of	
  integrated	
  data	
  sources	
  
	
  
	
  
Realiza;on	
  
•  Project	
  with	
  the	
  Hasso	
  Plabner	
  Ins6tute	
  (Potsdam,	
  

Germany)	
  
•  Create	
  local	
  repository	
  containing	
  data	
  market	
  

metadata	
  
•  Use	
  self-­‐service	
  technology	
  to	
  make	
  services	
  publicly	
  

available	
  +	
  Informa6on	
  Workbench	
  for	
  analy6cs	
  

...	
  using	
  the	
  	
  
fluid	
  Opera?ons	
  
Technology	
  Stack	
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Example:	
  Bundesst@ts	
  



Summary	
  

•  Big	
  Data	
  means	
  more	
  than	
  volume	
  and	
  ver6cal	
  scale	
  

•  Seman6c	
  Technologies	
  for	
  Big	
  Data	
  management	
  
•  Linked	
  Data	
  as	
  adequate	
  data	
  model	
  
•  Ontologies	
  as	
  conceptual	
  models	
  to	
  access	
  big	
  data	
  
•  Integra6on	
  of	
  diverse,	
  heterogeneous	
  data	
  sources	
  

•  Informa6on	
  Workbench:	
  enabling	
  on	
  demand	
  data	
  access	
  
1.  Discovery	
  of	
  relevant	
  data	
  sources	
  
2.  Automated	
  integra6on	
  and	
  interlinking	
  of	
  sources,	
  and	
  	
  
3.  Interac6ve	
  explora6on	
  and	
  ad	
  hoc	
  analysis	
  of	
  data	
  

•  FedX:	
  Federa6on	
  over	
  Linked	
  Data	
  sources	
  
1.  Virtualized	
  integra6on	
  with	
  horizontal	
  and	
  ver6cal	
  scalability	
  
2.  Experiments	
  over	
  Bio2RDF	
  (5	
  billion	
  triples	
  in	
  29	
  databases)	
  
3.  Outlook	
  Op6que:	
  Possible	
  combina6on	
  with	
  OBDA	
  



CONTACT:	
  
fluid	
  Opera;ons	
  
Altro\str.	
  31	
  
Walldorf,	
  Germany	
  
	
  
Email:	
  peter.haase@fluidops.com	
  
website:	
  www.fluidops.com	
  
Tel.:	
  +49	
  6227	
  3846-­‐527	
  


