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The	
  Exci)ng	
  Times	
  of	
  “Big	
  Data”	
  

Everyone	
  today	
  has	
  a	
  big	
  data	
  problem	
  
– Whether	
  it	
  is	
  a	
  data	
  lake,	
  data	
  swamp,	
  or	
  data	
  stream	
  
– Whether	
  they	
  call	
  it	
  big	
  data,	
  data	
  science,	
  data	
  wrangling,	
  ..	
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Tremendous	
  Ac)vity	
  in	
  Industry	
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How	
  can	
  academia	
  contribute?	
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VLDB	
  Has	
  a	
  Long	
  History	
  in	
  
Big-­‐Data	
  Research	
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VLDB	
  1975	
  



Distributed	
  Databases	
  an	
  Early	
  Theme	
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VLDB	
  1980	
  

VLDB	
  1981	
  



Parallel	
  Processing	
  Also	
  Early	
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VLDB	
  1982	
  



Parallel	
  Processing	
  Also	
  Early	
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VLDB	
  1985	
  

VLDB	
  1986	
  



Other	
  Big	
  Data	
  Topics	
  
in	
  Early	
  VLDB	
  Days	
  

•  Sampling	
  
–  Frank	
  Olken,	
  Doron	
  Rotem:	
  “Simple	
  Random	
  Sampling	
  from	
  
Rela<onal	
  Databases.”	
  VLDB	
  1986.	
  

•  Ac)ve	
  databases	
  (ancestors	
  of	
  data	
  streams)	
  
–  A.	
  Rosenthal,	
  S.	
  Chakravarthy,	
  B.	
  T.	
  Blaustein,	
  J.	
  A.	
  Blakeley:	
  	
  
“Situa<on	
  Monitoring	
  for	
  Ac<ve	
  Databases.”	
  VLDB	
  1989	
  

•  Parallel,	
  shared-­‐nothing,	
  in-­‐memory	
  processing	
  
–  Annita	
  N.	
  Wilschut,	
  Jan	
  Flokstra,	
  Peter	
  M.	
  G.	
  Apers:	
  	
  
Parallelism	
  in	
  a	
  Main-­‐Memory	
  DBMS:	
  The	
  Performance	
  of	
  
PRISMA/DB.	
  VLDB	
  1992.	
  

•  Semistructured	
  data	
  (1998)	
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So	
  what	
  is	
  next?	
  

•  Did	
  we	
  already	
  solve	
  all	
  the	
  big	
  data	
  problems?	
  
–  Clearly	
  not	
  given	
  all	
  the	
  innova)on	
  today	
  

•  Should	
  we	
  let	
  industry	
  take	
  over?	
  
–  Did	
  we	
  lay	
  the	
  founda)on	
  and	
  our	
  work	
  is	
  done?	
  
–  Clearly	
  not…	
  we	
  can	
  contribute	
  in	
  fundamental	
  ways	
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How	
  can	
  we	
  contribute	
  if	
  
industry	
  has	
  all	
  the	
  workloads?	
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We	
  Do	
  Have	
  Interes)ng	
  Workloads	
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>1M features from molecular snapshot 

Images	
  (telescope,	
  satellite,	
  …)	
  

Graphs	
  (cita)ons,	
  galaxy	
  evolu)ons,	
  …)	
  

Spa)o-­‐temporal	
  	
  data	
  (universe,	
  oceans,	
  …)	
  

Large	
  matrices	
  (genome	
  data,	
  …)	
  

Picture	
  from	
  Deep	
  Lens	
  Survey	
  (DLS:	
  Tyson)	
  

Picture	
  from	
  D.	
  H.	
  Stalder	
  et.	
  al.	
  arXiv:1208.3444	
  [astro-­‐ph.CO]	
  

Picture	
  from	
  Su-­‐In	
  Lee	
  

[VLDB13]	
  



We	
  Can	
  Start	
  With	
  These	
  Applica)ons	
  
Approach	
  1:	
  Start	
  with	
  on-­‐campus,	
  scien)fic	
  (or	
  other)	
  apps	
  

–  These	
  apps	
  have	
  exci)ng	
  and	
  challenging	
  requirements	
  
–  These	
  requirements	
  oken	
  generalize	
  beyond	
  campus	
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Telescope	
  image:	
  
1.  Itera)ve	
  data	
  cleaning	
  	
  
2.  Objects	
  extrac)on	
  
3.  Classifica)on	
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>1M features from molecular snapshot 

Genome	
  data	
  processing:	
  
1.  Linear	
  algebra	
  on	
  large	
  matrices	
  
2.  Novel	
  machine	
  learning	
  algorithms	
  

N-­‐body	
  simula)on	
  data:	
  
1.  Manage	
  hundreds	
  of	
  TB	
  of	
  data	
  
2.  Data	
  clustering	
  to	
  extract	
  galaxies	
  
3.  Graph	
  analy)cs	
  to	
  study	
  galaxy	
  evolu)on	
  



BUT	
  industry	
  has	
  the	
  latest	
  
big	
  data	
  systems!	
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We	
  Can	
  Use	
  Open-­‐Source	
  Tools	
  
Approach	
  2:	
  Apply	
  open-­‐source	
  tools	
  
•  Most	
  likely	
  these	
  tools	
  will	
  break	
  in	
  interes)ng	
  ways	
  
•  Fix	
  them	
  and	
  contribute	
  back	
  to	
  open-­‐source	
  tools	
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Parallel	
  data	
  clustering	
  
in	
  Microsok	
  Dryad	
  and	
  Hadoop	
  

Skew	
  

Local	
  Clustering	
  

Merge	
  

5	
  minutes	
  

Ta
sk
	
  ID

	
  

35	
  minutes	
  

Example:	
  Genng	
  HIGH	
  PERFORMANCE	
  is	
  really	
  hard!	
  



Developed	
  ParaTimer	
  [SIGMOD10]	
  
•  Shows	
  progress	
  of	
  DAGs	
  of	
  Hadoop	
  jobs	
  

We	
  Can	
  Use	
  Open-­‐Source	
  Tools	
  
Approach	
  2:	
  Apply	
  open-­‐source	
  tools	
  
•  Most	
  likely	
  these	
  tools	
  will	
  break	
  in	
  interes)ng	
  ways	
  
•  Fix	
  them	
  and	
  contribute	
  back	
  to	
  open-­‐source	
  tools	
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Developed	
  SkewReduce	
  [SOCC10]	
  and	
  SkewTune	
  [SIGMOD12]	
  
•  Based	
  on	
  Hadoop	
  and	
  available	
  as	
  open	
  source	
  	
  

Developed	
  PerfXPlain	
  [VLDB12]	
  
•  Explains	
  the	
  performance	
  of	
  Hadoop	
  jobs	
  

Developed	
  HaLoop	
  [VLDB10]	
  
•  Faster	
  itera)ve	
  processing	
  in	
  Hadoop	
  also	
  open	
  source	
  



We	
  Can	
  Invent	
  New	
  Tools	
  
Approach	
  3:	
  Build	
  new	
  tools	
  
•  Be	
  crea)ve	
  
•  Release	
  tools	
  as	
  open	
  source	
  
•  Offer	
  them	
  as	
  a	
  service	
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Coordinator 

Worker …	
  Worker Worker 

Query Optimizer 
and Federator 

MyriaX 

Service available through 
browser & scripts 

Internal distributed storage 
Can also read from HDFS, S3, etc. 

Queries can stretch to other engines   

RACO 

Example: Myria stack 

hpp://myria.cs.washington.edu	
  
[SIGMOD14	
  Demo	
  &	
  VLDB15	
  Demo]	
  



Myria’s	
  advanced	
  general-­‐purpose	
  itera)ve	
  processing	
  [VLDB15]	
  

New	
  Tools	
  Lead	
  to	
  Rethinking	
  Designs	
  

18	
  

Declara)ve	
  Query	
  
(subset	
  of	
  Datalog	
  with	
  agg.)	
  

Shared-­‐Nothing	
  Query	
  Plan	
  
In-­‐Memory	
  Processing	
  

Synchronous	
  

Asynchronous	
  

Priori)ze	
  New	
  Data	
   Priori)ze	
  Base	
  Data	
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New	
  Tools	
  Lead	
  to	
  Rethinking	
  Designs	
  

19	
  

Myria	
  changes	
  the	
  face	
  of	
  cloud	
  services	
  [CIDR15]	
  

Workload	
  Compression	
  into	
  PSLA	
  
	
  
	
  
	
  

Workload	
  
Genera)on	
  

Query	
  
Clustering	
  

Template	
  
Genera)on	
  

Cross-­‐Tier	
  
Pruning	
   PSLA	
  Schema	
  

Run)me	
  
Predic)on	
  

Myria’s	
  SLA	
  genera)on	
  



BUT	
  I	
  don’t	
  want	
  to	
  be	
  
in	
  the	
  heart	
  of	
  the	
  race!	
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We	
  Should	
  Look	
  Ahead	
  
Approach	
  4:	
  Consider	
  problems	
  on	
  the	
  horizon	
  

–  Data	
  pricing	
  (QueryMarket	
  [SIGMOD13])	
  
–  Enforcing	
  license	
  agreements	
  on	
  data	
  (DataLawyer	
  [SIGMOD15])	
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Screenshot	
  from	
  the	
  Azure	
  Marketplace	
  

How	
  to	
  price	
  rela)onal	
  data?	
  

Average	
  length:	
  
Over	
  8	
  pages!	
  

How	
  to	
  automate	
  data	
  use	
  agreements?	
  



BUT	
  industry	
  has	
  more	
  engineers!	
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We	
  Educate	
  the	
  Next	
  Genera)on	
  

Approach	
  5:	
  Prepare	
  the	
  next	
  genera)on	
  
–  Prasang	
  Upadhyaya	
  -­‐>	
  Data	
  Licensing	
  -­‐>	
  Twiper	
  
–  Emad	
  Soroush	
  -­‐>	
  Array	
  Database	
  Engine	
  -­‐>	
  GraphLab	
  
–  Nodira	
  Khoussainova	
  -­‐>	
  Big	
  Data	
  Usability	
  -­‐>	
  Twiper	
  	
  
–  YongChul	
  Kwon	
  -­‐>	
  Skew	
  in	
  Big	
  Data	
  Systems	
  -­‐	
  >	
  Microsok	
  
–  Julie	
  Letchner	
  -­‐>	
  Probabilis)c	
  Streams	
  -­‐>	
  Microsok	
  	
  
–  Evan	
  Welbourne	
  -­‐>	
  RFID	
  Data	
  Management	
  -­‐>	
  Nokia	
  Research	
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Conclusion	
  

•  We	
  live	
  in	
  exci)ng	
  )mes	
  for	
  data	
  management	
  
•  Tremendous	
  ac)vity	
  in	
  industry	
  
•  Many	
  ways	
  for	
  academia	
  to	
  contribute	
  

–  Leverage	
  workloads	
  on	
  academic	
  campuses	
  
–  Leverage	
  open	
  source	
  sokware	
  and	
  contribute	
  to	
  it	
  
–  Build	
  new	
  tools.	
  Be	
  crea)ve!	
  
–  Look	
  ahead	
  at	
  problems	
  looming	
  on	
  the	
  horizon	
  
–  Educate	
  the	
  next	
  genera)on	
  of	
  researchers	
  and	
  engineers	
  

•  Acks:	
  UW	
  DB	
  group,	
  eScience	
  and	
  domain	
  science	
  collaborators,	
  
sponsors	
  (NSF,	
  Intel,	
  Microsok,	
  Amazon,	
  EMC,	
  and	
  Google)	
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Parallel	
  Processing	
  Also	
  Early	
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VLDB	
  1979	
   concurrent	
  


