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2000: 	   	  8	  YEARS	   	  $3,000,000,000	  
Now:	   	   	  10	  days 	   	  $10,000	  
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Storage Prices & Sequencing Costs 

5 Stein, Genome Biology 2010, 11:207 



Relative Costs of Computation and Sequencing 

6 Sboner et al, Genome Biology 2011, 12:125 



Computa<onal	  Stack	  

•  Website	  
–  data	  visualiza<on,	  upload/download	  

•  Analysis	  Pipeline	  
–  run	  3rd	  party	  tools,	  distribute	  jobs,	  track	  results	  

•  LIMS	  (Laboratory	  Informa<on	  Management	  System)	  
– metadata	  tracking	  of	  samples,	  libraries,	  protocols,	  etc	  

•  Systems	  Infrastructure	  
–  opera<ng	  systems,	  packages,	  virtual	  machines,	  
network	  
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SoTware	  Architecture	  
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The	  Whole	  System	  
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Big-‐Data	  is	  Not	  Just	  Big	  

• Volume	  

• Variety	  

• Velocity	  
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The	  Types	  of	  our	  DSL	  

type	  =	  
	  	  |	  Bool	  
	  	  |	  Timestamp	  
	  	  |	  Int	  
	  	  |	  Real	  
	  	  |	  String	  
	  	  |	  Op<on	  of	  type	  
	  	  |	  Array	  of	  type	  	  
	  	  |	  Record	  of	  (string	  *	  type)	  list	  
	  	  |	  Enumera<on	  of	  string	  list	  
	  	  |	  Func<on	  of	  type	  *	  type	  
	  	  |	  Volume	  of	  volume	  
	  	  	  

•  More	  expressive	  than	  
SQL	  

•  More	  closely	  models	  
the	  schemas	  we	  need	  

•  We	  have	  full	  control	  
over	  DSL	  objects	  
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DSL	  Compiler	  

•  From	  a	  given	  program	  in	  the	  DSL,	  we	  automa'cally	  
generate	  
–  SQL	  scripts	  to	  ini<alize	  and	  reset	  the	  database	  
– About	  ~10k	  lines	  (and	  growing)	  of	  OCaml	  
strongly	  typed	  database	  reads/inserts	  

– Web	  widgets	  
–  Figures	  in	  this	  talk	  
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A	  Program	  in	  our	  DSL	  

(record	  sample	  
	  	  	  	  	  	  	  	  (name	  	  	  	  	  	  	  	  string)	  
	  	  	  	  	  	  	  	  (organism	  	  	  	  organism	  op<on)	  
	  	  	  	  	  	  	  	  notable)	  
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Samples,	  Organisms,	  and	  Protocols	  
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Managing	  HiSeq	  Data	  
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sub-‐record	  

func<on	  input	  

func<on	  output	  



Genera<ng	  SQL	  
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.../my_volume_dir/


















En<re	  NYU	  GenCore	  Data	  Schema	  
(in	  our	  new	  DSL)	  






















.../protocols/





























































.../bioanalyzer/











.../agarose_gel/
















































.../samplesheets/










.../bcl_to_fastq/





.../dircmp/







17	  



En<re	  SQL	  Schema	  
(auto-‐generated)	  
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Virtual	  Filesystem	  

•  Database	  entries	  have	  to	  map	  to	  physical	  files	  

•  Files	  in	  DSL	  are	  oTen	  recomputable	  
•  But	  don’t	  have	  to	  exist	  on	  physical	  filesystem,	  
or	  can	  exist	  in	  compressed	  form	  

•  File	  metadata	  is	  recorded	  
–  e.g.	  FASTQ	  quality-‐score	  encoding	  =	  33	  or	  64	  

•  Easier	  file	  restructuring/renaming	  
•  Easier	  migra<on	  to	  new	  clusters	  
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Func<on	  Values	  

•  No	  lambdas	  
•  Only	  hardcoded	  func<on	  constants	  
•  Output	  values	  are	  “normal”	  data	  
•  Implementa<on	  must	  account	  for	  

–  failures	  
–  <me	  lags	  
–  serializa<on	  

20	  



Website	  –	  powered	  by	  Ocsigen	  
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Auto-‐generated	  Forms	  
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Data	  Migra<ons	  

val	  migrator:	  S-‐Expression	  -‐>	  S-‐Expression	  
	  
$	  hitscore	  dump-‐to-‐file	  backup_v42	  
$	  ./migrator	  backup_v42	  backup_v43	  
$	  hitscore	  wipe-‐out-‐database	  
$	  hitscore	  init-‐database	  
$	  hitscore	  load-‐file	  backup_v43	  	  
$	  hitscore	  verify-‐layout	  	  
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We	  have	  done	  over	  25	  data	  migra<ons!	  



OCaml	  Has	  Many	  Libraries	  

•  Core	  &	  Bateries	  
•  Lwt	  –	  lightweight	  threads	  
•  Ocsigen	  –	  web	  programming	  framework	  
•  Biocaml	  
•  PG’OCaml	  
•  Xmlm	  
•  Ocamlnet	  
•  …	  and	  many	  more	  
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Database	  -‐>	  Domain	  Logic	  -‐>	  Web	  Interface	  



Experience	  with	  OCaml	  

•  The	  Good	  
– Good	  libraries	  
–  Industrial	  strength	  
– Hackable	  
– Op<on	  to	  be	  unsafe	  feels	  safe	  
–  Excellent	  performance	  

•  Could	  Be	  Beter	  
–  Public	  rela<ons	  
–  Build	  system	  
–  Blessed	  libraries	  
– More	  libraries	  
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Func<onal	  Programming	  in	  Biology	  

•  “Func<onal	  programming”	  is	  becoming	  a	  recognized	  
term	  

•  Programmers	  are	  desperately	  needed	  
•  Be	  sure	  to	  dis<nguish	  so0ware	  engineering	  from	  
data	  analysis	  

•  Key	  to	  success:	  
–  acquire	  domain	  exper<se	  
–  build	  soTware	  fast	  

•  Discuss	  programming	  scien<fically	  
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Conclusions	  

•  The	  Genomics	  Sequencing	  Core	  at	  NYU	  CGSB	  
runs	  on	  OCaml	  

•  En<re	  system	  built	  by	  ~1.3	  programmers	  
•  First	  version:	  in	  produc<on	  within	  2	  months	  
•  Biology	  needs	  you!	  
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