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Everybody’s	  welcome	  ^_^	  
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Computa[onal	  Analysis	  
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Recordings	  
6541	  

Scores	  
2200	  

Predominant	  
Melody	  

Spectrogram	  

Pitch	  
Distribu:on	  

Tonic	  	  
(Last	  Note)	  

Stable	  	  
Pitches	  

6541	   6541	  

6541	  
6541	   6541	  

Sec:ons	   Phrases	  

21500	   46644	  

Notes	  

883000	  

Note	  
Distribu:on	  

1767	  

18770	  

745739	  

Tonic	  	  
(Score-‐informed)	  

Corrected	  
Pre.	  Melody	  

Tempo	  
(Score-‐informed)	  

1767	  

1767	  

1767	  

1767	  



Audio-‐Score	  Alignment	  
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•  Analyzed	  a	  corpus	  consis[ng	  2200	  music	  scores	  and	  more	  
than	  6600	  audio	  recordings	  
–  85	  hours	  of	  [me-‐aligned	  audio	  data	  	  

Code	  &	  Results	  
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h3ps://github.com/sertansenturk/tomato	  	  



Music	  Discovery	  
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h3p://dunya.compmusic.upf.edu/makam/	  	  



•  The	  datasets,	  code	  and	  results	  presented	  in	  the	  thesis	  are	  
open.	  

h3p://compmusic.upf.edu/senturk2016thesis	  
	  

•  Some	  of	  the	  material	  has	  already	  been	  used	  by	  other	  people	  
and/or	  adapted	  to	  other	  music	  cultures.	  

Deliverables	  
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Does	  openness	  really	  
mean	  reproducibility?	  	  

	  

Not	  really	  L	  
	  

*at	  least,	  not	  the	  stuff	  I’ve	  done	  in	  the	  start	  

Openness	  -‐>	  Reproducible?	  
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•  The	  story	  starts	  two	  years	  ago…	  
•  A	  researcher	  asked	  me	  to	  help	  him	  to	  compare	  my	  previous	  

audio-‐score	  alignment	  method	  with	  his	  new	  approach	  
•  I	  thought	  “Everything	  is	  already	  open	  and	  online,	  how	  hard	  

could	  it	  be?”	  

How	  I	  learned	  the	  hard	  way	  
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How	  I	  learned	  the	  hard	  way	  –	  Day	  1	  
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Hey	  Sertan!	  Would	  
you	  like	  to	  compare	  
your	  method	  with	  

mine?	  

Sure!	  I’d	  love	  to!	  
(Yay,	  more	  impact!)	  



How	  I	  learned	  the	  hard	  way	  –	  Day	  4	  
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I	  don’t	  understand	  
the	  structure	  of	  your	  

data	  well.	  

It’s	  OK!	  Let	  me	  
preprocess	  it	  for	  you!	  



How	  I	  learned	  the	  hard	  way	  –	  Day	  7	  
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Got	  results!	  
Can	  you	  give	  me	  your	  

results	  for	  these	  
parameters?	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Sure!	  They	  are	  in	  
	  	  	  this	  link!	  (luckily,	  the	  
results	  are	  organized)	  



How	  I	  learned	  the	  hard	  way	  –	  Day	  9	  
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Can	  you	  re-‐run	  your	  
code	  for	  these	  	  

addi[onal	  cases?	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  (hmm,	  my	  current	  
code	  is	  giving	  worse	  

results	  and	  the	  old	  one	  	  	  	  	  
is	  broken)	  



How	  I	  learned	  the	  hard	  way	  –	  Day	  15	  
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	  	  	  	  	  	  Here	  is	  the	  code	  
and	  some	  (obscure)	  
instruc[ons	  to	  make	  

it	  run	  

*	  Aser	  (magically)	  fixing	  the	  old	  code	  and	  providing	  the	  addi[onal	  results	  

Finally,	  I	  want	  to	  run	  
your	  code	  on	  my	  

machine	  to	  compare	  
the	  [ming	  



How	  I	  learned	  the	  hard	  way	  –	  Day	  18	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Let	  me	  run	  your	  	  
code	  on	  my	  machine,	  	  	  	  	  	  	  	  	  	  	  	  	  

so	  this	  ordeal	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
ends	  

I	  cannot	  run	  your	  
code	  on	  my	  machine.	  
I	  don’t	  understand	  

why?!	  	  



•  It	  took	  us	  3	  weeks	  to	  reproduce	  my	  results.	  
–  I	  had	  spent	  2	  days	  to	  run	  the	  code	  and	  report	  the	  results	  
before.	  

–  I	  could	  have	  worked	  on	  something	  be3er!	  
–  It’s	  not	  fun	  to	  redo	  all	  that	  work	  again!	  
–  It’s	  not	  fun	  (or	  some[mes	  possible)	  either	  for	  others	  to	  
reproduce	  your	  work	  from	  scratch!	  

•  The	  first	  person	  to	  benefit	  by	  making	  your	  work	  
reproducible	  is	  you!	  

Lessons	  learned	  
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•  Aserwards,	  I	  tried	  to	  make	  my	  work	  as	  easy	  to	  reproduce	  as	  
possible	  

•  How?	  
–  Always	  version	  the	  data,	  code	  and	  experiments	  
–  Puung	  effort	  to	  write	  more	  readable,	  modular	  and	  distributable	  
code	  

–  Documen[ng	  everything	  clearly	  
–  Properly	  publishing	  all	  research	  material	  

•  The	  more	  you	  put	  your	  effort,	  the	  be3er	  you	  will	  get!	  
–  The	  quality	  of	  your	  research	  output	  will	  also	  get	  be3er!	  

Asermath	  
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•  Open	  research	  implied	  
•  Some	  sugges[ons	  are	  not	  directly	  related	  to	  reproducibility	  

but	  will	  impact	  your	  work	  in	  general	  
•  The	  implica[ons	  are	  not	  restricted	  to	  the	  specific	  examples	  

–  Arguments	  could	  apply	  to	  code,	  data,	  results,	  publica[ons	  etc.	  
•  Inspired	  from	  the	  tools	  I	  use	  

–  Data	  (tsv,	  json	  …)	  
–  Code	  (Python,	  MATLAB,	  …)	  
–  Publica[ons	  (LaTeX)	  

•  Ideal	  cases	  
–  not	  always	  feasible/applicable	  

Disclaimers	  
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Paper	  Reproducibility	  Example	  
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•  Use	  git!	  
–  Simple	  
–  Reliable	  
–  Saves	  a	  lot	  of	  [me	  

•  Store	  online	  
–  Github	  (most	  popular)	  
–  Bitbucket	  
–  …	  

•  No	  need	  to	  worry	  where	  stuff	  
is	  (e.g.	  if	  your	  laptop	  gets	  
broken)	  

Version	  Control	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  



•  Use	  git	  for	  everything!*	  

Version	  Control	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

*	  Unless,	  the	  material	  is	  big	  (>	  1	  GB)	  
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Open	  Issues!	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Problems	  should	  also	  be	  documented	  (not	  forgoCen!)	  and	  organized!	  
•  You	  can	  discuss,	  track	  ideas,	  improvements	  etc.	  



•  Encourages	  others	  to	  get	  engaged	  in	  your	  work!	  

Ac[ve	  Usage	  of	  Issue	  Tracking	  Brings	  Contribu[ons!	  

23	  
Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  



Create	  Milestones	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  If	  you	  have	  to	  develop	  around	  a	  “concept”	  (e.g.	  an	  extension	  of	  your	  
method	  to	  a	  new	  task),	  make	  it	  a	  milestone!	  
–  And	  subdivide	  into	  many	  issues	  

•  You	  can	  track	  progress	  and	  be	  more	  focused	  



•  Divide	  each	  problem	  into	  smaller	  steps	  
•  Always	  make	  small,	  incremental	  changes/addi[ons/fixes	  
	  

How	  to	  commit	  

25	  
Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  



Describe	  your	  commits	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

I	  can	  understand	  what	  he	  annotated	  
from	  the	  unique	  document	  iden[fiers	  

Finished	  what!?	  L	  

•  Data	  annota[on	  example	  

	  

•  A	  brief,	  clear	  descrip[on	  with	  a	  reference	  to	  the	  relevant	  issue	  is	  perfect!	  
	  



•  When	  you	  are	  working	  on	  a	  conceptual	  
change:	  
–  Create	  a	  branch	  	  
–  Introduce	  the	  changes	  to	  the	  branch	  
–  Merge	  when	  the	  solu[on	  has	  matured	  

•  Also	  good	  for	  baking	  new	  ideas	  (without	  
messing	  up	  with	  your	  main	  stuff)	  

Make	  Branches	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  



Code	  Quality:	  Style	  and	  Naming	  Consistency	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Be	  consistent	  with	  the	  coding	  style	  
–  e.g.	  don’t	  mix	  camelCase	  and	  underscore_var	  	  

•  Many	  languages	  have	  a	  style	  guideline	  
–  e.g.	  PEP8	  for	  Python	  

•  Automa[c	  checkers	  exist	  
–  	  flake8	  in	  Python	  

•  IDEs	  can	  point	  the	  viola[ons	  on-‐the-‐fly	  
–  I	  use	  PyCharm	  for	  Python	  	  

•  	  Be	  consistent	  with	  namings	  
–  What	  does	  the	  func[on	  “process_myVar”	  actually	  do!?	  
–  It’s	  a	  useful	  to	  name	  your	  modules,	  variables	  and	  organize	  your	  code	  

similar	  to	  your	  descrip[on	  in	  the	  paper.	  



Code	  Quality:	  Don’t	  Repeat	  Yourself	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Using	  this	  simple	  repo	  saves	  me	  many	  minutes	  every	  [me	  I	  
start	  a	  new	  experiment!	  
h3ps://github.com/sertansenturk/fileopera[ons_python	  	  



Code	  Quality:	  Make	  Things	  Simple	  and	  Modular	  

30	  

Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Modularize	  
–  If	  a	  func[on	  is	  500	  lines,	  
it’s	  [me	  to	  divide	  it	  into	  
smaller	  pieces	  

•  Make	  things	  simple	  
–  If	  a	  func[on	  is	  geung	  too	  
complex	  divide	  into	  
several	  

–  But	  don’t	  make	  them	  too	  
nested	  

h3ps://codeclimate.com	  	  
Automa[cally	  reports	  these!	  	  



Logging	  and	  handling	  the	  processes	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Doing	  these	  save	  a	  lot	  of	  [me	  during	  tes[ng:	  
–  Handle	  errors	  (try/except	  in	  Python)	  
–  Have	  sanity	  checks	  (assert	  in	  Python)	  
–  Control	  I/O	  types	  

•  Read	  about	  “duck	  typing”	  in	  Python	  (Wikipedia)	  
–  Log	  the	  progress	  (the	  logging	  library	  in	  Python)	  

•  Warnings,	  errors,	  status	  etc.	  



Packaging	  and	  Deployment	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  When	  possible,	  put	  effort	  to	  make	  your	  code	  easy	  to	  deploy	  
–  Compile	  your	  code	  in	  MATLAB,	  so	  people	  can	  use	  them	  via	  
MATLAB	  RunAme	  without	  the	  need	  of	  a	  license	  

–  Prepare	  setup.py,	  so	  people	  can	  install	  your	  tool	  with	  pip	  	  
•  Much	  be3er	  if	  you	  register	  to	  pypi	  (h3ps://pypi.python.org/pypi)	  

•  Clearly	  state	  the	  external	  requirements	  
–  Much	  be3er,	  if	  you	  can	  internalize	  them	  in	  the	  setup	  

•  If	  the	  installa[on	  is	  simple,	  people	  will	  prefer	  your	  work	  over	  
others	  



Write	  Unit	  Tests	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Unit	  tests	  ensures	  the	  code	  blocks	  work	  as	  intended	  
–  …	  and	  you	  are	  not	  introducing	  errors	  during	  development	  
–  …	  and	  forces	  you	  to	  write	  be3er	  code	  	  

•  Many	  languages	  come	  with	  their	  own	  easy-‐to-‐use	  schemes	  
–  Many	  op[ons	  in	  Python	  (e.g.	  nose,	  nose2,	  pytest)	  

•  Write	  a	  unit	  test	  per	  (small)	  process	  
–  Use	  synthe[c	  inputs	  to	  cover	  possible	  cases	  
–  Also	  feed	  bad	  cases,	  where	  you	  know	  things	  should	  fail.	  Check	  if	  your	  code	  

behaves	  as	  expected	  (try/except	  in	  Python)	  
•  You	  can	  also	  write	  a	  single	  unit	  test	  to	  test	  the	  complete	  run	  

–  E.g.	  if	  it	  works	  OK	  for	  a	  hard	  example,	  it	  should	  work	  well	  in	  general	  
–  Saves	  [me	  ini[ally,	  but	  usually	  much	  dir[er	  and	  less	  useful	  in	  the	  long	  run	  



Unit	  test	  coverage	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Try	  to	  make	  the	  unit	  tests	  cover	  all	  the	  code	  base	  
•  Could	  be	  computed	  automa[cally	  during	  unit	  tests	  	  
•  Many	  services	  exist	  for	  visualizing	  &	  inspec[ng	  the	  coverage	  	  

h3ps://codecov.io	  	  



Con[nuous	  Integra[on	  

35	  

Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Automa[cally	  checks	  if	  (some	  of)	  these	  are	  fulfilled:	  
–  Unit	  tests	  
–  Syntax,	  Style	  
–  Code	  Quality	  
–  Code	  Coverage	  
–  …	  

•  They	  also	  make	  sure	  the	  installa[on	  works	  seamlessly	  



Con[nuous	  Integra[on	  is	  Easy	  to	  Integrate!	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

h3ps://github.com/sertansenturk/ahenkiden[fier/blob/v1.5.0/.travis.yml	  	  

The	  Python	  versions	  to	  test	  

Install	  Code	  coverage	  (h3ps://codecov.io/)	  

Install	  syntax	  checker	  package	  
Install	  required	  packages	  

Check	  syntax	  (PEP8)	  

Run	  unit	  tests	  with	  code	  coverage	  

Report	  code	  coverage	  



Con[nuous	  Integra[on	  is	  Prac[cal	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  You	  can	  get	  no[fied	  (via	  mail,	  HipChat	  etc.)	  immediately,	  
when	  something	  breaks!	  

h3ps://travis-‐ci.org/sertansenturk	  	  



Con[nuous	  Integra[on	  is	  Prac[cal	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  Descrip[ve	  unit	  tests	  will	  save	  a	  lot	  of	  [me	  in	  finding	  the	  problem(s)	  
–  Not	  only	  effec[ve	  in	  fixing	  code	  but	  also	  in	  valida[ng	  data/annota[ons	  automa[cally	  
–  See	  the	  music	  score	  example	  below:	  h3ps://travis-‐ci.org/MTG/SymbTr/builds/105130983	  



Documen[ng	  Data	  
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•  Clearly	  explain	  the	  data	  and	  its	  organiza[on	  

•  JSON/YAML	  may	  be	  more	  friendly	  than	  tabular	  formats	  
–  What	  does	  the	  15th	  column	  mean?	  
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Documen[ng	  Code	  
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•  For	  me,	  the	  best	  documenta[on	  is	  a	  well	  wri3en	  code	  with	  
inline	  explana[ons	  

•  Nevertheless,	  tutorials	  and	  manuals	  always	  complement!	  
–  e.g.	  always	  provide	  comprehensive	  installa[on	  instruc[ons	  (for	  
different	  environments)	  

•  Use	  standard	  documenta[on	  styles	  
–  e.g.	  Google	  or	  Numpy	  Style	  Python	  Docstrings	  

•  Many	  tools	  can	  read	  these	  styles	  and	  automa[cally	  generate	  
good	  looking	  documenta[on	  
–  e.g.	  Sphinx	  in	  Python 	  	  
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Documen[ng	  and	  Organizing	  Experiments	  
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•  Always	  separate	  your	  experimental	  code	  from	  methodology	  
–  You	  can	  reuse	  them	  separately	  later	  
–  Add	  the	  specific	  release	  of	  the	  (packaged)	  code	  to	  the	  requirements	  

•  Also,	  keep	  the	  data	  in	  a	  separate	  repository	  
–  Import	  the	  specific	  version	  (submodules	  in	  git)	  

•  Provide	  step-‐by-‐step	  instruc[ons	  to	  run	  the	  experiments	  
–  A	  single	  master	  script	  to	  run	  them	  all	  would	  be	  A+	  

•  Ask	  (beg)	  a	  colleague	  to	  reproduce	  your	  experiment	  from	  the	  material	  
you’ve	  published	  

•  If	  you	  can	  show	  the	  results	  interac[vely,	  it	  may	  complement	  the	  narra[ve	  
in	  the	  paper	  
–  I	  use	  Jupyter	  notebook	  in	  Python	  
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Jupyter	  notebook	  example	  
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More	  inspira[ons	  at	  	  
h3p://nb.bianp.net/sort/views/	  	  



How	  I	  (typically)	  organize	  my	  experiments	  
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Experimental	  results	  and	  evalua[on	  

Dataset	  (submodule	  linked	  to	  	  
the	  specific	  commit)	  

Instruc[ons	  
Package	  requirements,	  	  
Incl.	  my	  code	  packaged	  	  

in	  a	  separate	  repo	  

Jupyter	  notebook	  to	  run	  experiments	  

Version	  Control	  –	  Development	  –	  Documenta:on	  –	  Licensing	  –	  Publishing	  

h3ps://github.com/sertansenturk/otmm_score_structure_experiments/tree/fma_2016	  	  



•  Always	  specify	  the	  license	  of	  your	  material!	  
–  People	  should	  know	  the	  terms	  to	  use	  your	  product	  

•  Examples:	  
–  Data,	  figures	  etc.:	  Crea[ve	  Commons	  Licenses	  
–  Code:	  MIT,	  BSD,	  GPL	  etc.	  

•  Add	  the	  informa[on	  to	  README	  of	  the	  repository	  and	  also	  to	  
the	  header	  of	  the	  files	  

License	  
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Make	  Your	  Publica[on	  Visible	  

45	  
Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  



Create	  Companion	  Pages	  
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Release	  the	  Relevant	  Material	  
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•  For	  each	  publica[on:	  



Release	  the	  Code	  
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Version	  Control	  –	  Development	  –	  Documenta[on	  –	  Licensing	  –	  Publishing	  

•  For	  each	  publica[on	  	  
	   	   	  AND	  

•  When	  a	  milestone	  is	  met	  
•  For	  bug	  fixes	  
•  Use	  seman[c	  versioning	  

–  MAJOR.MINOR.PATCH	  (e.g.	  
v2.9.1)	  

–  MAJOR:	  incompa[ble	  changes	  
–  MINOR:	  Compa[ble	  changes	  
–  PATCH:	  Bug	  fixes	  



•  Add	  a	  Digital	  Object	  Iden[fier	  (DOI)	  to	  your	  releases	  by	  
archiving	  them	  in	  Zenodo	  

	  
	  

•  Github	  integra[on:	  h3ps://guides.github.com/ac[vi[es/citable-‐code/	  	  
•  Suitable	  for	  your	  preprints	  and	  large	  data	  too!	  

Make	  your	  Data/Code	  etc.	  Citable	  
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h3ps://zenodo.org/record/57999	  	  



•  Use	  version	  control	  for	  all	  of	  your	  code,	  data,	  experiments	  
and	  publica[ons	  

•  Keep	  your	  code	  [dy	  
•  Document	  all	  your	  steps	  clearly	  
•  Freeze	  (and	  release)	  all	  relevant	  material	  by	  the	  [me	  you	  

have	  your	  paper	  camera-‐ready	  
•  Run	  the	  experiments	  in	  as	  few	  steps	  as	  possible	  
•  License	  your	  work	  	  
•  Organize	  all	  published	  material	  properly	  	  
•  Ask	  someone	  to	  reproduce	  your	  work	  

Recap	  
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•  Spend	  less	  [me/effort	  on	  recrea[ng	  previous	  research	  
–  And	  reusing	  them	  on	  our	  current	  work!	  

•  Advance	  the	  state	  of	  the	  art	  
•  Improve	  our	  visibility	  
•  Have	  more	  impact	  

–  More	  cita[ons	  
–  More	  collabora[ons	  
–  Future	  projects	  
–  Job	  offers	  

What	  do	  we	  gain	  from	  reproducibility?	  
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•  Reproducibility	   in	   Research	   –	   DTIC-‐Maria	   de	   Maetzu	   Strategic	   Program	   in	  
Universitat	  Pompeu	  Fabra	  (Website)	  

•  Reproducibility	   guidelines	   by	   Aurelio	   Luiz	   Garcia,	   prepared	   within	   the	   MdM	  
Strategic	  Program	  (Google	  Document)	  

•  Licensing	   models	   for	   exploitaAon	   of	   R+D.	   Presenta[on	   by	   Malcolm	   Bain	   in	  
Universitat	  Pompeu	  Fabra	  (Slides)	  

•  How	  Not	   to	   Lose	   Your	   Code,	   Your	   Degree,	   and	   Your	   Future	   Job.	  Presenta[on	   by	  
Jus[n	  Salamon	  in	  New	  York	  University	  (Slides)	  

•  EECS	  E6891	  –	  Reproducing	  ComputaAonal	  Results.	  Graduate	  Course	  by	  Dan	  Ellis	  &	  
Brian	  McFee	  in	  Columbia	  University	  (Website)	  

•  What	   is	   the	   reproducibility	   crisis	   in	   science	   and	   what	   can	   we	   do	   about	   it?	  
Presenta[on	   by	   Dorothy	   V.	   M.	   Bishop	   in	   Rhodes	   Biomedical	   Associa[on	  
(SlideShare)	  

•  Stodden,	   V.,	   Leisch,	   F.,	   &	   Peng,	   R.	   D.	   (Eds.).	   (2014).	   ImplemenAng	   reproducible	  
research.	  Chapman	  and	  Hall/CRC.	  (Book)	  

Addi[onal	  Resources	  
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