
..
Reproducible research
.
current challenges and future prospects
.

@phylorich

.

Rich FitzJohn

https://twitter.com/phylorich


..

R can be
irreproducible..



..

R can be
irreproducible..

setwd(”myproject/final2/works”)



..

R can be
irreproducible..

Graphs that need manual tweaking



..

R can be
irreproducible..

Manually edit your input



..

R can be
irreproducible..

Undocumented dependencies



..

R can be
reproducible..

Don’t do those things



..

R can be
reproducible..

Reproducibility depends on
tools & workflows around R



.. A simple case of
reproducible research
..
▶ Open data
▶ No experiments
▶ No confidentiality
▶ Straightforward analysis



...
Howmany species are woody?

.

QLD grassland by Willem van Aken QLD rainforest by Willem van Aken

http://scienceimage.csiro.au/image/4447/aristyda-grassland-about-30kms-west-of-charters-towers-qld-/
http://scienceimage.csiro.au/image/3829/tropical-rainforest-canopy-near-cairns-qld-/
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...

Missing data has structure

.

100%
non-woody

.

100%
woody

.

Donkey orchid by Gnangarra Red river gum by Willem van Aken

http://commons.wikimedia.org/wiki/File:Donkey_orchid_gnangarra_01.jpg
http://scienceimage.csiro.au/image/4015/bark-patterns-on-a-red-river-gum/


..

Tools we used
.. ▶ knitr: what are we trying to make work?
▶ git: I swear it used to work
▶ make: it takes a while to make it work
▶ travis-CI: will it work elsewhere?
▶ packrat: will it work later?



..

Literate programming
knitr..

yihui.name/knitr

..

What are we trying to make work?

http://yihui.name/knitr


.. ..

Knuth, 1984



..

CWEB
Sweave
knitr



..

Mix documentation & code

.. # Markdown heading
Treated as text
‘‘‘{r}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘



..

Run through knitr to run code

.. # Markdown heading
Treated as text
‘‘‘r
x <- sample(10)
y <- sample(10)
cor(x, y)
# [1] 0.03030303
‘‘‘



..

Render markdown to HTML

.. <h1>Markdown heading</h1>
<p>Treated as text</p>
<pre>
x <- sample(10)
y <- sample(10)
cor(x, y)
# [1] 0.03030303
</pre>



..

… or to LaTeX

.. \section{Markdown heading}
Treated as text
\begin{verbatim}
x <- sample(10)
y <- sample(10)
cor(x, y)
# [1] 0.03030303
\end{verbatim}



..

That’s basically all there is to it

..# Markdown heading
Treated as text
‘‘‘{r}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘

# Markdown heading
Treated as text
‘‘‘r
x <- sample(10)
y <- sample(10)
cor(x, y)
# [1] 0.03030303
‘‘‘

<h1>Markdown heading</h1>
<p>Treated as text</p>
<pre>
x <- sample(10)
y <- sample(10)
cor(x, y)
# [1] 0.03030303
</pre>



..

Graphics handled automatically

..Here is the input data:
‘‘‘{r}
plot(cars)
lines(lowess(cars), col=”blue”)
‘‘‘



..

Graphics handled automatically

..Here is the input data:
‘‘‘r
plot(cars)
lines(lowess(cars), col=”blue”)
‘‘‘
![plot title](figure/unnamed-chunk-2.png)



..

Graphics handled automatically

..Here is the input data:
plot(cars)
lines(lowess(cars), col=”blue”)

speed

dis
t

5 25
0

120



..

Cache long-running computation

..‘‘‘{r, cache=TRUE}
fit <- mcmc(data)
for (x in fit[[1]]) {

for (y in fit[[2]]) {
for (z in fit[[3]]) {
...
}

}
}
‘‘‘



..

Control what is displayed

..# Markdown heading
Treated as text
‘‘‘{r, echo=FALSE}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘



..

Control what is displayed

..# Markdown heading
Treated as text
‘‘‘{r, echo=FALSE}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘

# Markdown heading
Treated as text
‘‘‘r
# [1] 0.03030303
‘‘‘



..

Control what is displayed

..# Markdown heading
Treated as text
‘‘‘{r, results=”hide”}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘



..

Control what is displayed

..# Markdown heading
Treated as text
‘‘‘{r, results=”hide”}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘

# Markdown heading
Treated as text
‘‘‘r
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘



..

Control what is displayed

..# Markdown heading
Treated as text
‘‘‘{r, echo=FALSE,

results=”hide”}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘



..

Control what is displayed

..# Markdown heading
Treated as text
‘‘‘{r, echo=FALSE,

results=”hide”}
x <- sample(10)
y <- sample(10)
cor(x, y)
‘‘‘

# Markdown heading
Treated as text



..

Literate programming
knitr..

Why doesn’t everyone use this all the time?



..



..

Barriers to knitr
....



..

Barriers to knitr
..

Encourages overuse of global variables



..

Barriers to knitr
..

Re-running analyses because of
changed punctuation gets annoying



..

Barriers to knitr
..

Requires really good editor support

..

rstudio.com

..

http://rstudio.com


..

Prospects for knitr
..

Amazing for supporting materials,
manuals, technical documentation
Examples: github.com/richfitz/reproducibility-2014/wiki

https://github.com/richfitz/reproducibility-2014/wiki


..

Prospects for knitr
..

Generate knitr files from plain R source:
knitr::spin

sowsear: github.com/richfitz/sowsear

http://github.com/richfitz/sowsear


..

Prospects for knitr
..

The principle holds elsewhere:
Output should be regeneratable from input



..

Version control
git..

I swear it used to work

..

git-scm.com

..

See also
mercurial

http://git-scm.com
http://mercurial.selenic.com


.. ..

PhD comics: phdcomics.com/comics/archive.php?comicid=1531

http://phdcomics.com/comics/archive.php?comicid=1531


..

Store metadata
..

Version 1

Who
What
When
Why



..

… for every version
..

Version 1 Version 2 Version 3

Who
What
When
Why

Who
What
When
Why

Who
What
When
Why



..

git add; git commit
..

Version 1 Version 2 Version 3

Who
What
When
Why

Who
What
When
Why

Who
What
When
Why



..

Query what changed
..

Version 5 Version 6 Version 7



..

Query what changed
..

Version 5 Version 6 Version 7

?



..

git diff; git log
..

Version 5 Version 6 Version 7

?



..

Undo mistakes
..

Version 5 Version 6



..

Undo mistakes
..

Version 5 Version 6 Version 5′



..

git revert
..

Version 5 Version 6 Version 5′



..

Collaboration
..

R + git = nice



..

Collaboration
..

R + git + BitBucket =



..

Collaboration
..

R + git + GitHub =



..

Work on same code base

..



..

See what changed

..



..

See who changed it

..



..

git blame

..



..

Version control
git..

Why doesn’t everyone use this all the time?



..

Barriers to git
..“It is easy to shoot your foot off with git,
but also easy to revert to a previous foot
and merge it with your current leg.”

..

Jack William Bell: perl.plover.com/classes/git/samples/slide034.html

http://perl.plover.com/classes/git/samples/slide034.html


..

Barriers to git
..
git rebase -s recursive -X theirs

origin/master



..

Barriers to git
.. ..

xkcd.com/1296

..

http://xkcd.com/1296


..

Barriers to git
.. .. ..



..

Prospects for git
.. ..

rstudio.com

..

http://rstudio.com


..

Workflows
make..

It takes a while to make it work



..

Our workflow
..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Download data
..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Rcurl, API access

..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Makefile
..
data/taxonomy.rds:

Rscript download-taxonomy.R

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Process data
..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

… the sausage factory

..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Makefile
..
processed/taxonomy.rds: data/taxonomy.rds

Rscript cleanup-taxonomy.R

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Run the actual science bit
..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Makefile
..
simulation.md: processed/taxonomy.rds \

processed/traits.rds
Rscript simulation.Rmd

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

make:
Self-documenting workflow
..

Taxonomy

Traits

Cleaned
taxonomy

Cleaned
traits

Simulation



..

Workflows
make..

Why doesn’t everyone use this all the time?



..

Barriers to make
..

Lots of traps



..

Barriers to make
..

Command-line only, arcane tool
Comes in several incompatible flavours



..

Barriers to make
..

Currently looking for a
modern, accessible replacement



..

Automated testing
travis-CI..

Will it work elsewhere?

..

travis-ci.org

http://travis-ci.org


..

CI = Continuous Integration
..

1. Commit changes
2. Make sure nothing breaks



..

CI = Continuous Integration
..

1. Commit changes
2. Push to GitHub



..

Spins up virtual machine…

..



..

…installs dependencies…

..



..

…downloads and processes data…

..



..

…runs knitr …

..



..

…& compiles manuscript.

..



..

Configuration: .travis.yml

..
script:

- make cache-unpack
- make

install:
- ./travis-tool.sh install_deps
- ./travis-tool.sh github_package richfitz/diversitree

before_install:
- curl -OL http://raw.github.com/craigcitro/...
- chmod 755 ./travis-tool.sh
- ./travis-tool.sh bootstrap

..

travis-CI for R: github.com/craigcitro/r-travis

https://github.com/craigcitro/r-travis


..

Set & forget: travis never gets bored

.. ..

https://travis-ci.org/richfitz/wood/builds

https://travis-ci.org/richfitz/wood/builds


..

Find out what/who broke the project

..



..

Find out what/who broke the project

..



..

Automated testing
travis-CI..

Why doesn’t everyone use this all the time?



..

Barriers to travis-CI
..

Project must already be reproducible



..

Barriers to travis-CI
..

Only for open source, or pay



..

Barriers to travis-CI
..

Ill-suited for long running jobs, sensitive data



..

Dependencies
packrat..

rstudio.github.io/packrat

..

Will it work later?

..

See also
rbundler

http://rstudio.github.io/packrat
https://github.com/opower/rbundler


..

Identify dependencies

..
packrat::init()

library(ggplot2)
require(lme4)
assertthat::see_if(...)



..

Identify dependencies

..
packrat::init()
Package: ggplot2
Source: CRAN
Version: 1.0.0
Hash: c8bff66238347472f08b6a35608539ff
Requires: digest, gtable, plyr...



..

… & their dependencies

..
packrat::init()
Package: plyr
Source: CRAN
Version: 1.8.1
Hash: be21bad411e628f810a92212e17b5be7
Requires: Rcpp



..

Project is now isolated from system

..
~/Documents/Projects/repro » R

R version 3.1.1 (2014-07-10) -- ”Sock it to Me”
...
Packrat mode on. Using library in directory:
- ”/Users/rich/Projects/repro/packrat/lib”
>



..

Dependencies
packrat..

Why doesn’t everyone use this all the time?



..



...
Howmany species are woody?

.

QLD grassland by Willem van Aken QLD rainforest by Willem van Aken

http://scienceimage.csiro.au/image/4447/aristyda-grassland-about-30kms-west-of-charters-towers-qld-/
http://scienceimage.csiro.au/image/3829/tropical-rainforest-canopy-near-cairns-qld-/


...
Howmany species are woody?

.

46%
.

richfitz.github.io/wood

.

QLD grassland by Willem van Aken QLD rainforest by Willem van Aken

http://richfitz.github.io/wood
http://scienceimage.csiro.au/image/4447/aristyda-grassland-about-30kms-west-of-charters-towers-qld-/
http://scienceimage.csiro.au/image/3829/tropical-rainforest-canopy-near-cairns-qld-/


..

GNUmake
..



..

knitr
..



..

git
..



..

travis-CI
..

✓
✗

✓
✓



..

packrat
..



..

100%
reproducible..



..

100%
reproducible..

git clone https://github.com/richfitz/wood/

cd wood

make deps all

…provided you have C, C++ & Fortran compilers, make, GNU scientific library, LaTeX.



..

100%
reproducible..

Probably unrealistic at the moment



..

Partially
reproducible..

It’s not just good— it’s good enough



..

Partially
reproducible..

Good faith effort at documenting requirements
makes itmuch easier to pick up



..

How to be
more reproducible
..
▶ Think about reproducibility from the start
▶ Avoid manual intervention
▶ Think about workflows, project structure
▶ Identify key inputs, outputs
▶ Run your project on a second computer



..

Acknowledgements
..

Macquarie University
University of British Columbia
Natural Sciences & Engineering Research Council of Canada
National Evolutionary Science Synthesis Center

Advice Carl Boettiger, Scott Chamberlain, Daniel Falster,
Ted Hart, Sally Otto, Heather Piwowar, Karthik Ram

Design Mike Bostock: bost.ocks.org/mike/d3/workshop#0

http://bost.ocks.org/mike/d3/workshop#0


..
Collaborators
..

Matt Pennell@mwpennell

Will Cornwell@will_cornwell

Amy Zanne@amyzanne

Dave Tank@dave_tank

Peter Stevens

https://twitter.com/mwpennell
https://twitter.com/will_cornwell
https://twitter.com/amyzanne
https://twitter.com/dave_tank


..
Resources
..

Paper & analysis richfitz.github.io/wood

This talk github.com/richfitz/reproducibility-2014

rOpenSci ropensci.org

Software Carpentry software-carpentry.org

git git-scm.com

knitr yihui.name/knitr

travis-CI travis-ci.org & github.com/craigcitro/r-travis

http://richfitz.github.io/wood
https://github.com/richfitz/reproducibility-2014
http://ropensci.org
http://software-carpentry.org
http://git-scm.com
http://yihui.name/knitr
http://travis-ci.org
https://github.com/craigcitro/r-travis

