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Reproducibility	  may	  require	  a	  lot	  of	  
computa;onal	  effort.	  

Why?	  



WORKFLOW	  

Too	  many	  dependencies!	  

PROVENANCE	  

DATA	  

ENVIRONMENT	  



Too	  much	  to	  do,	  too	  liTle	  ;me!	  

From	  galleryhip.com	  

“authors	  have	  complained	  that	  the	  process	  requires	  too	  
much	  work	  for	  the	  benefit	  derived”	  
Bonnet	  et	  al.,	  SIGMOD	  Record	  2011	  

“Insufficient	  8me	  is	  the	  main	  reason	  why	  scien9sts	  do	  not	  
make	  their	  data	  and	  experiment	  available	  and	  reproducible.”	  
Carol	  Tenopir,	  Beyond	  the	  PDF	  2	  Conference	  

“77%	  claim	  that	  they	  do	  not	  have	  8me	  to	  document	  and	  
clean	  up	  the	  code.”	  
Victoria	  Stodden,	  Survey	  of	  the	  Machine	  Learning	  Community	  –	  NIPS	  2010	  

“It	  would	  require	  huge	  amount	  of	  effort	  to	  make	  our	  code	  
work	  with	  the	  latest	  versions	  of	  these	  tools.”	  
Collberg	  et	  al.,	  Repeatability	  and	  Benefac;on	  in	  Computer	  Systems	  Research,	  
University	  of	  Arizona	  TR	  14-‐04	  



Planning	  for	  Reproducibility	  

Scien;fic	  Workflow	  Systems	  (VisTrails,	  Taverna,	  Kepler,	  …)	  
	  
Virtual	  Machines	  and	  Containers	  (VirtualBox,	  Vagrant,	  Docker,	  …)	  
	  
Configura;on	  Management	  Tools	  (Chef,	  Puppet,	  …)	  
	  
…	  and	  many	  others	  !	  

But	  what	  about	  reproducibility	  aAer	  the	  fact?	  

Again,	  ;me-‐consuming	  and	  error-‐prone!	  



NOWORKFLOW	  
CAPTURING	  AND	  ANALYZING	  
PROVENANCE	  OF	  SCRIPTS	  

Joint	  work	  with:	   João	  Felipe	  Pimentel	  (UFF)	  
Leonardo	  Murta	  (UFF)	  
Vanessa	  Braganholo	  (UFF)	  
David	  Koop	  (UMass-‐Dartmouth)	  
Juliana	  Freire	  (NYU)	  



noWorkflow	  

Transparently	  captures	  the	  provenance	  of	  a	  Python	  script	  and	  its	  
various	  execu;ons	  (trials)	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Non-‐intrusive:	  no	  need	  for	  user-‐defined	  annota;ons,	  instrumented	  
environment,	  or	  other	  requirements	  

Files	  read	  

Files	  wriBen	  

Func9on	  defini9ons	  

Func9on	  calls	   Module	  dependencies	  

Arguments	  

Global	  variables	  
my_script.py 



Instead	  of	  running	  

users	  run	  

That’s	  it.	  

$ python my_script.py 

$ now run my_script.py 



Provenance	  Analysis	  

Script	  Evolu;on	  
	  
Diff	  Analysis	  
	  
Querying	  
	  
Interac;ve	  Visualiza;on	  
	  
Support	  for	  Analysis	  in	  IPython	  Notebooks	  





Script	  Evolu;on	  



Diff	  Analysis	  



Provenance	  Analysis	  



REPROZIP	  
PACKING	  EXPERIMENTS	  FOR	  REPRODUCIBILITY	  

Joint	  work	  with:	   Rémi	  Rampin	  
Dennis	  Shasha	  
Juliana	  Freire	  



ReproZip	  is	  a	  packaging	  tool	  

From	  reputablemoving.com	  
From	  wykop.pl	  

PACKING	  STEP	   UNPACKING	  STEP	  



Packing	  Experiments	  

Experiment	  

Computa;onal	  Environment	  E	  (Linux)	  

reprozip	  

Execu;ng	  
Capturing	  
Provenance	  

ptrace	  +	  SQLite	  

Crea;ng	  
Configura;on	  

Reproducible	  
Package	  

Configuring	  

Packing	  

Input	  files,	  output	  files,	  parameters,	  …	  

Data	  

Executable	  programs	  and	  steps	  

Workflow	  

Environment	  variables,	  dependencies,	  …	  

Environment	  

Experiment	  Provenance	  

Configura9on	  
File	  



Unpacking	  Experiments	  

Computa;onal	  Environment	  E’	  (poten;ally	  different	  than	  E)	  

Reproducible	  
Package	   reprounzip	  

Extrac;ng	  

directory	  

unpacks	  and	  reproduces	  
from	  a	  single	  directory	  
(Linux)	  

unpacks	  in	  a	  single	  directory	  
and	  builds	  a	  full	  system	  environment	  
(Linux)	  chroot	  

/	  

vagrant	  

unpacks	  in	  a	  virtual	  machine	  
using	  Vagrant	  
(Linux,	  Mac	  OS	  X,	  Windows)	  

docker	  

unpacks	  in	  a	  Docker	  container	  
(Linux,	  Mac	  OS	  X,	  Windows)	  



Unpacking	  Experiments	  

Running	  an	  unpacker:	  
	  Semng	  up:	  setup	  
	  Replica;ng	  results	  /	  changing	  command	  line	  parameters:	  run	  
	  Changing	  input	  files:	  upload	  
	  Gemng	  output	  files:	  download	  

	  
Na;vely	  installing	  required	  sonware	  dependencies:	  

	  installpkgs	  
	  
	  
	  



News!	  

ReproZip	  …	  
…	  has	  been	  adopted	  in	  the	  Bonneau	  Lab	  (NYU)	  

	  hTp://bonneaulab.bio.nyu.edu/	  

	  
…	  will	  be	  used	  by	  the	  ACM	  SIGMOD	  2015	  Reproducibility	  Review	  

	  hTp://db-‐reproducibility.seas.harvard.edu/	  

	  
…	  will	  be	  used	  by	  the	  Informa;on	  Systems	  journal 	  hTp://
www.journals.elsevier.com/informa;on-‐systems/	  



Try!	  

noWorkflow	  Website:	  hBps://github.com/gems-‐uff/noworkflow	  
	  
	  
	  
	  
	  
ReproZip	  Website:	  :	  hBp://vida-‐nyu.github.io/reprozip/	  
	  
	  
	  
	  
	  
	  
	  
Send	  your	  feedback	  and	  interes;ng	  use	  cases!	  
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