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What	
  Will	
  Be	
  Covered	
  

•  For	
  a	
  large	
  organiza?on	
  with	
  dozens	
  of	
  data	
  scien?sts	
  
•  What	
  are	
  these	
  data	
  scien?sts	
  making?	
  
•  What	
  infrastructure	
  will	
  help	
  them	
  do	
  data	
  science	
  faster?	
  
•  What	
  interfaces	
  to	
  this	
  infrastructure	
  are	
  most	
  useful?	
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Asser?ons	
  

•  Data	
  scien?sts	
  make	
  data	
  and	
  probabilis?c	
  models	
  
•  Primary	
  infrastructure:	
  warehouse-­‐scale	
  computer	
  
•  Produc?vity	
  gains	
  last	
  ten	
  years:	
  infrastructure	
  
•  Produc?vity	
  gains	
  next	
  ten	
  years:	
  interface	
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Data	
  Science	
  



Work	
  Products	
  of	
  Data	
  Science	
  

• Models	
  (data)	
  
•  Cleansed,	
  integrated	
  data	
  set	
  
•  Interfaces	
  to	
  explore	
  and	
  manipulate	
  the	
  data	
  set	
  

• Models	
  (probability)	
  
•  Understanding	
  
•  Predic?on	
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Infrastructure	
  



3	
  Kinds	
  of	
  Infrastructures	
  

•  HPC	
  
• MPP	
  
• WSC	
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HPC	
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Compute Network Storage



HPC:	
  SoQware	
  

•  Distributed	
  file	
  system	
  
•  OneFS,	
  GPFS,	
  Lustre,	
  GlusterFS,	
  Ceph,	
  PanFS,	
  SiliconFS	
  

•  Resource	
  management	
  and	
  job	
  scheduling	
  
•  LSF,	
  SGE,	
  Torque,	
  Condor,	
  SLURM	
  

•  Data	
  management	
  
•  NetCDF,	
  HDF5	
  

•  Library	
  and	
  applica?on	
  development	
  
•  MPI	
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HPC:	
  Pros	
  

•  Fast	
  inter-­‐node	
  communica?on	
  
•  Arbitrary	
  communica?on	
  topologies	
  
•  Scale	
  compute	
  separate	
  from	
  storage	
  
•  Sophis?cated	
  resource	
  management	
  and	
  scheduling	
  
•  High	
  performance,	
  POSIX-­‐compliant	
  file	
  system	
  
•  Large	
  collec?on	
  of	
  libraries	
  and	
  applica?ons	
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HPC:	
  Cons	
  

•  Specialized	
  hardware	
  for	
  network	
  
•  Throughput	
  bo^leneck	
  on	
  network	
  
•  Resource	
  management	
  op?mized	
  for	
  compute	
  
•  Data	
  management	
  with	
  files	
  
•  Library	
  and	
  applica?on	
  development	
  with	
  MPI	
  
•  Libraries	
  and	
  applica?ons	
  developed	
  by	
  scien?sts	
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HPC:	
  Workloads	
  

•  Linear	
  algebra	
  
•  Differen?al	
  equa?ons	
  
•  Distance	
  matrices	
  
• Monte	
  Carlo	
  
•  FFT	
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HPC:	
  Industries	
  

•  Science	
  ($4B)	
  
•  Government	
  
•  University	
  

•  Life	
  sciences	
  ($1B)	
  
•  CAE	
  ($1B)	
  
•  Defense	
  
•  EDA	
  
•  Earth	
  sciences	
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MPP	
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MPP:	
  SoQware	
  

•  IBM	
  DB2	
  and	
  Netezza	
  
•  Teradata	
  and	
  Teradata	
  Aster	
  
• MicrosoQ	
  PDW	
  
•  Pivotal	
  Greenplum	
  
•  HP	
  Ver?ca	
  
•  Ac?an	
  ParAccel	
  
•  Calpont	
  InfiniDB	
  
•  StormDB	
  Stado	
  
•  Percona	
  Shard-­‐Query	
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MPP:	
  Pros	
  

•  Commodity	
  hardware	
  (some	
  of	
  them)	
  
•  Compute	
  co-­‐located	
  with	
  storage	
  
•  Data	
  management	
  with	
  tables	
  
•  Library	
  and	
  applica?on	
  development	
  with	
  SQL	
  
•  Large	
  collec?on	
  of	
  applica?ons	
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MPP:	
  Cons	
  

•  No	
  high-­‐quality	
  open	
  source	
  implementa?ons	
  
•  Adding/removing	
  nodes	
  is	
  expensive	
  (usually)	
  
•  Schema-­‐on-­‐write/early	
  binding	
  of	
  schemas	
  
•  Difficult	
  to	
  handle	
  non-­‐tabular	
  data	
  
•  Difficult	
  to	
  handle	
  non-­‐SQL	
  development	
  
•  Difficult	
  to	
  mix	
  in	
  non-­‐SQL	
  workloads	
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MPP:	
  Workloads	
  

•  Data	
  prepara?on	
  
•  Index	
  crea?on	
  and	
  maintenance	
  
•  Interac?ve	
  SQL	
  query	
  

•  Filtering	
  
•  Aggrega?on	
  
•  Join	
  

• Model	
  figng,	
  barely	
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MPP:	
  Industries	
  

•  Financial	
  services	
  
•  Communica?ons	
  
•  Retail	
  
• Manufacturing	
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WSC	
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WSC:	
  SoQware	
  

•  Distributed	
  file	
  storage:	
  HDFS	
  
•  Data	
  management	
  

•  Avro	
  
•  Parquet	
  
•  Metastore	
  
•  HBase	
  
•  Sentry	
  
•  SolrCloud	
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WSC:	
  SoQware	
  

•  Resource	
  management:	
  YARN	
  
•  Parallel	
  Frameworks	
  

•  MapReduce	
  
•  Impala	
  
•  Spark	
  
•  SolrCloud	
  

•  Interfaces	
  
•  Crunch,	
  Scrunch	
  
•  Pig	
  
•  SQL	
  
•  Keyword	
  search	
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WSC:	
  Pros	
  

•  Commodity	
  hardware	
  
•  Open	
  source	
  soQware	
  
•  Compute	
  co-­‐located	
  with	
  storage	
  
•  General	
  purpose	
  resource	
  management	
  
•  Data	
  management	
  with	
  files,	
  tables,	
  indexes,	
  …	
  
•  Applica?on	
  development	
  with	
  MapReduce,	
  SQL,	
  …	
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WSC:	
  Cons	
  

•  Commodity	
  interconnect	
  
•  Limited	
  communica?on	
  topologies	
  
•  Non-­‐POSIX	
  file	
  system	
  
•  Limited	
  number	
  of	
  libraries	
  and	
  applica?ons	
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WSC:	
  Workloads	
  

•  Data	
  storage	
  
•  Data	
  transforma?on	
  
•  Interac?ve	
  SQL	
  queries	
  
•  Interac?ve	
  keyword	
  and	
  faceted	
  search	
  queries	
  
• Machine	
  learning:	
  model	
  figng	
  and	
  evalua?on	
  
•  Graph	
  computa?ons	
  
•  Stream	
  processing	
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WSC:	
  Industries	
  

•  Communica?ons	
  
•  Web	
  
•  Media	
  
•  Telecommunica?ons	
  

•  Government	
  
•  Retail	
  
•  Financial	
  services	
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Alterna?ves	
  

•  Scale	
  up	
  
•  Cloud	
  
•  SaaS	
  federa?on	
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Interface	
  



Wish	
  List:	
  Part	
  One	
  

29 

•  Graphics	
  and	
  code	
  
•  First	
  class	
  language	
  
•  Expressive	
  types	
  
•  Domain	
  syntax	
  
• Mixed	
  ini?a?ve	
  
	
  



Graphics	
  and	
  code:	
  RStudio	
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Graphics	
  and	
  code:	
  iPython	
  Notebook	
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First	
  class	
  language:	
  LINQ	
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Expressive	
  types:	
  Biocaml	
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Domain	
  syntax:	
  R	
  formulas	
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Domain	
  syntax:	
  ggplot2	
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Domain	
  syntax:	
  IBM	
  ILOG	
  OPL	
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Domain	
  syntax:	
  Fortress	
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Domain	
  syntax:	
  BUGS	
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Domain	
  syntax:	
  Figaro	
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Mixed	
  ini?a?ve:	
  FishEye	
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Mixed	
  ini?a?ve:	
  Wrangler	
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Mixed	
  ini?a?ve:	
  Profiler	
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Mixed	
  ini?a?ve:	
  Statwing	
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Wish	
  List:	
  Part	
  One	
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•  Graphics	
  and	
  code	
  
•  First	
  class	
  language	
  
•  Expressive	
  types	
  
•  Domain	
  syntax	
  
• Mixed	
  ini?a?ve	
  
	
  



Wish	
  List:	
  Part	
  Two	
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•  Con?nuous	
  feedback	
  
•  Improve	
  over	
  ?me	
  
•  Rapid	
  problem	
  resolu?on	
  
•  Unify	
  data	
  at	
  rest	
  and	
  in	
  flight	
  
•  Libraries	
  across	
  languages	
  



Con?nuous	
  feedback:	
  ILLUSTRATE	
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Con?nuous	
  feedback:	
  Parallax	
  

47 



Con?nuous	
  feedback:	
  APPROXIMATE	
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SELECT	
  DATE_TRUNC('day',event_?me),	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  APPROXIMATE	
  COUNT(DISTINCT	
  user_id),	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  APPROXIMATE	
  COUNT(DISTINCT	
  url)	
  
FROM	
  weblog	
  
GROUP	
  BY	
  1	
  



Improve	
  over	
  ?me:	
  Wrangler	
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Improve	
  over	
  ?me:	
  QueRIE	
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Rapid	
  problem	
  resolu?on:	
  Penny	
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Unify	
  data	
  at	
  rest	
  and	
  in	
  flight:	
  TruCQ	
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Unify	
  data	
  at	
  rest	
  and	
  in	
  flight:	
  Summingbird	
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Libraries	
  across	
  languages	
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•  Arrays	
  
•  Data	
  frames	
  
•  Serializa?on	
  
• Workflow	
  
•  Sta?s?cs	
  
• Machine	
  learning	
  
•  Simula?on	
  
•  Visualiza?on	
  
	
  



Wish	
  List:	
  Part	
  Two	
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•  Con?nuous	
  feedback	
  
•  Improve	
  over	
  ?me	
  
•  Rapid	
  problem	
  resolu?on	
  
•  Unify	
  data	
  at	
  rest	
  and	
  in	
  flight	
  
•  Libraries	
  across	
  languages	
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Language	
  Improvements	
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•  Compiler	
  direc?ves	
  
•  Parakeet	
  

•  Syntax	
  extensions	
  
•  R	
  formulas	
  
•  Matlab	
  and	
  APL	
  array	
  opera?ons	
  
•  Mathema?ca	
  symbolic	
  manipula?on	
  
•  Fortress	
  mathema?cal	
  operators	
  
•  Fortress	
  units	
  and	
  dimensions	
  

	
  



Language	
  Improvements	
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•  Embedded	
  DSLs	
  
•  LINQ	
  
•  plyr	
  
•  ggplot2	
  
•  FACTORIE	
  
•  Figaro	
  
•  Infer.NET	
  
•  Weaver	
  

	
  



Language	
  Improvements	
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•  External	
  DSLs	
  
•  IBM	
  ILOG	
  OPL	
  
•  Palan?r	
  Hedgehog	
  
•  Splunk	
  SPL	
  
•  Palan?r	
  VizQL	
  
•  BUGS	
  
•  MIT	
  Church	
  
•  Cray	
  Chapel	
  
•  Google	
  Sawzall	
  
•  Apache	
  Pig	
  

	
  



Yahoo!	
  Pipes	
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DataNitro	
  

61 


