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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
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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-/

true
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genetic
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true
diversity?

trait
data 43,000

dai;:netic 55 000
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Donhey orcmd by Gnangarra - Red river gum by' Willem van ARen


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: | swear it used to work

make: it takes a while to make it work
travis-Cl: will it work elsewhere?

>
>
>
> pachrat: will it work later?



Literate programming
Rnitr

What are we trying to make work?

yihui.name/Rnitr


http://yihui.name/knitr

Knuth, 1984




(WEB >
Sweave =
Rnitr



Mix documentation & code

# Markdown heading
Treated as text
{r}

X <- sample(10)

y <- sample(10)
cor(x, vy)

' Y |



Run through Rnitr to run code

# Markdown heading
Treated as text

' |

r

X <- sample(10)
y <- sample(10)
cor(x, vy)

# [1] 0.03030303

' |



Render markdown to HTML

<h1l>Markdown heading</hl>
<p>Treated as text</p>

<p re>

X <- sample(10)

y <- sample(10)

cor(x, vy)

# [1] 0.03030303

</pre>



... Or to LaTeX

\section{Markdown heading}
Treated as text
\begin{verbatim}

X <- sample(10)

y <- sample(10)

cor(x, vy)

# [1] 0.03030303
\end{verbatim}



Thats basically all there is to it

# Markdown heading
Treated as text

ey
x <- sample(10) # Markdown heading
y <- sample(10) Treated as text
cor(x, y) “hr

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

cor(x, vy)

# [1] 0.03030303

</pre>



Graphics handled automatically

Here is the input data:

lll{r}
plot(cars)
lines(lowess(cars), col="blue”)



Graphics handled automatically

Here is the input data:

lllr

plot(cars)

lines(lowess(cars), col="blue”)

i 11

I'[plot title](figure/unnamed-chunk-2.png)



Graphics handled automatically

Here is the input data:
plot(cars)

lines(lowess(cars), col="blue”)
120

dist




(ache long-running computation

“““{r, cache=TRUE}
fit <- mcmc(data)
for (x in fit[[1]1) {
for (y in fit[[2]]) {
for (z in fit[[3]]) {

}
}
}

{141



Control what is displayed

# Markdown heading
Treated as text
“““{r, echo=FALSE}
X <- sample(10)

y <- sample(10)
cor(x, vy)



Control what is displayed

# Markdown heading # Markdown heading

Treated as text Treated as text
“““{r, echo=FALSE} e
X <- sample(10) # [1] 0.03030303

{11

y <- sample(10)
cor(x, vy)

L |



Control what is displayed

# Markdown heading
Treated as text

“““Ir, results="hide"}
X <- sample(10)

y <- sample(10)

cor(x, vy)



Control what is displayed

# Markdown heading
Treated as text

“““Ar, results="hide"”}
X <- sample(10)

y <- sample(10)

cor(x, vy)

L |

# Markdown heading
Treated as text
“hhr

X <- sample(10)

y <- sample(10)
cor(x, y)

L Y |



Control what is displayed

# Markdown heading

Treated as text

“““Ir, echo=FALSE,
results="hide"}

X <- sample(10)

y <- sample(10)

cor(x, y)



Control what is displayed

# Markdown heading # Markdown heading
Treated as text Treated as text
“““Ir, echo=FALSE,

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



Literate programming
Rnitr

Why doesn't everyone use this all the time?



How to draw
an Owl.

“A fun and creative guide for beginners "

x’/ 3
._ ,
k\;—/\

Fig 1. Draw two circles Fig 2. Draw the rest of the damn Owl




Barriers to hmtr

= Kips. coﬂi 55
MADE!




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 E


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

| swear it used to work

Seealso
git-scm.com mercurial


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

“EINAL doc

1 7
INAL _rev.6.COMMENTS.d FINAL_rev.8.commentss.
FINAL _rev.6.COMMENTS.doc Rt v

JOREE CHAM B 2012

5
FINAL_rev.(8.comments?.  ENAL_rev.22. comménfﬁq‘?.
corrections?.MORE.30.dot  correctione. (0. #@$#WHYDD

WWW.PHDCOMICS. COM

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


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

Store metadata

Who
What
When
Why



... for every version

Who Who Who
What What What
When When When

Why Why Why



git add; git commit

Who Who Who
What What What
When When When

Why Why Why



Query what changed




Query what changed

| S



git diff; git log

| S



Undo mistakes




Undo mistakes




git revert




Collaboration

R+ git =nice



Collaboration

R + git + BitBucket = €@



Collaboration

R + git + GitHub = @



Work on same code base

Added supplementary figure (though it's not in a separate file) = 1214561
itz - -

Supplementary figure with weak prior sampling d75efdl
ichfitz
. Minor changes to ms and bib file. Also added some figure captions tha... - b9lacea

mwpennell

Tidied version of analysis code 8107965
itz

working on the intro Gcffa6l
Will Cornwell

working on the abstract and introduction = 350882
will Cornwell .




See what changed

167 wood-functions. R View

+ + +

## Start by getting the woodiness information from the database
dat =- read.forest.csv("export/speciesTraitData.csv")

## Score the 633 species with no known information as NA
datswoodiness[!(dat$woodiness %in% c("H", "W')) &
tis.na(datswoodiness)] <~ NA

## Only the columns we care about:

dat =- data.frame(species=sub{" ", "_", datsgs),
woodiness=datswoodiness,
stringsAsFactors=FALSE)

## Filtered by whether or not they have woodiness information

dat <= dat[!is.na(datswoodiness),]

to.drop.wood.NA <- is.na(dat$woodiness)

message(sprintf("Dropping %d species with NA woodiness values",
sum{to.drop.wood.NA)) )




See who changed it

142ec6ea » richfitz
2013-82-16
Version of analysis with str..

27275949 » richfitz
2913-10-31
New, tidied, code.

beb815¢6 » richfitz
2913-12-11

Generate supplementary data ..

w <- matrix{NA, nrow(x), nrep)

if (with.replacement)
wlok,] <- x$Wlok]l + rbinom{sum({ok), x$M[okl-x$Klokl, x$Wlok]/x$K[ok])
else
wlok,] <- t{sapply(which({ok), function{i)
rhyper2{nrep, x$H[il, x$wl[il, x$N[il}))

n.unk <- sum{!ok}
wllok,] <- apply(wl[ok,,drop=FALSE] / x$N[ok], 2, function(y)
rbinom({n.unk, x$M[!ok], quantile(y, runif(n.unk})})

rownames (w) <- x$genus

summarise.sim{w, x[c("order", "family", "genus",

W, U, RHY, N, K )



git blame

142ec6ea » richfitz
2013-82-16
Version of analysis with str..

27275949 » richfitz
2913-10-31
New, tidied, code.

beb815¢6 » richfitz
2913-12-11
Generate supplementary data ..

w <- matrix{NA, nrow(x), nrep)

if (with.replacement)
wlok,] <- x$Wlok]l + rbinom{sum({ok), x$M[okl-x$Klokl, x$Wlok]/x$K[ok])
else
wlok,] <- t{sapply(which({ok), function{i)
rhyper2{nrep, x$H[il, x$wl[il, x$N[il}))

n.unk <- sum{!ok}
wllok,] <- apply(wl[ok,,drop=FALSE] / x$N[ok], 2, function(y)
rbinom({n.unk, x$M[!ok], quantile(y, runif(n.unk})})

rownames (w) <- x$genus

summarise.sim{w, x[c("order", "family", "genus",

W, U, RHY, N, K )



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

COMMENT
CREATED MAIN LOOP & TIMING CONTROL
ENABLED CONFIG FILE PARSING
MISC BUGFIXES
CODE ADDITIONS/EDITS

AS A PROTECT DRAGS ON, MY GIT COMMIT
MESSAGES GET LESS AND LESS INFORMATIVE.

xked.com/1296


http://xkcd.com/1296

Barriers to git




Prospects for git

Environment History  Build

=| Diff | v Commit | 4¢ Pull L - master~
Staged Status - Path
M .gitignore
[w] reproducible.Rpraoj

M slides.tex

M diagrams/diversity_venn2.svg

rstudio.com


http://rstudio.com

Workflows
mahe

|t takes a while to make it work



Our workflow

Q-’-"-s-
ay = L




Download data

ay = .
i

e o o



Reurl, APl access

ay = .
i

e o o



Mahefile

data/taxonomy. rds:
Rscript download-taxonomy.R

Q"-"-s
s

e = [



Process data

&y = -
i

e o o



.. the sausage factory

O"."-s
s

e = [



Mahefile

processed/taxonomy.rds: data/taxonomy.rds
Rscript cleanup-taxonomy.R

O"."-s
s

e = [



Run the actual science bit

&y = .
s

o o o



Mahefile

simulation.md: processed/taxonomy.rds \
processed/traits.rds
Rscript simulation.Rmd

&y = .
s

o o o



make:
Self-documenting workflow

ay = -
s

s =



Workflows
mahe

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-(l

Will it work elsewhere?


http://travis-ci.org

(I = Continuous Integration

1. Commit changes
2. Make sure nothing breaks



(= Continuous Integration

1. Commit changes
2. Push to GitHub



Spins up virtual machine...

Using worker: worker-linux-8-2.bb.travis-ci.org:travis-linux-10

§ export BOOTSTRAP LATEX="1"
$ export GH TOKEN=[secure]
$ export USE_PACKRAT=()

§ export CC=gcc

§ git clone D ==br git://github.com/richfitz/wood.git git.1
$ cd richfitz/wood

§ git checkout -gf alcB9767c03afed7d3cTbbdd676E5£8125df613e git.3

§ goc —-version

gee (Ubuntu/Linaro 4.6.3-lubuntu5) 4.6.3

Copyright (C) 2011 Free Softwara Foundation, Ine.

This is free software; see the source for copying conditions. There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR FURPOSE.



...installs dependencies...

«/travis-tool.sh
./travis-tool.sh
«/travis-tool.sh
«/travis-tool.sh
./travis-tool.sh
«/travis-tool.sh
./travis-tool.sh

B B W B D B DD

curl -0L http://raw.github.com/craigecitro/r-travis/master/scripts/travis-tool.sh
chmod 755 ./travis-tool.sh

bootstrap

aptget_install libgsl0-dev
aptget_install fftwi-dev
aptget_install texlive-humanities
install_deps

github_package richfitz/sowsear
github_package richfitz/diversitree

make packrat-perhaps

before_install.
before_install.
before_install.

inseall.

install.
inatall.

inatall,

inatall.
install.
install.

BTN N AR SR R



...downloads and processes data...

§ make

Recript --default-packages="datasets,utils,grDevices,graphice,stats,methods” -e "library(sowsear);
sowsear( ‘'wood.R', 'Rmd’)"

Loading required package: knitr

Recript --defaunlt-packages="datasets,utils,grDevices,graphics,stats,methods"” make/data-zae.R

Recript --default-packages="datasets,utils,grDevices,graphice,stats,methods” make/data-theplantlist.R
Skipping Araucariacese (gymnosperm) -- already exists

Skipping Cupr (gymnosperm) -- already exists

Skipping Zosteraceae (angiosperm) -- already exists

Skipping Zygophyllaceae (angicsperm) —— already exists

Recript --default-packages="datasets,utils,grDevices,graphics,stats " make/outp: iness.rds.R
Resolving synonomy for 3037 species

Dropping B430 species not in Plant List

After synonym correction, 1125 duplicated emtries




...runs hnitr ...

Recript --defanlt-p g ,utils,grbevi ice,stats " -e "library(knitr);
knit( 'wood.Rmd" )"

processing file: wood.Rmd
| | 1%
ordinary text without R code

laa | 2%
label: unnamed-chunk-1 (with optione)
List of 2

§ echo 1 logi FALSE
§¢ results: logi FALSE

[.. | 4



..& compiles manuscript.

make -C doc
make[1]: Entering directory ~/home/travie/build/richfitz/wood/doc’
pdflatex -i t. d ipporting.tex

This is pdfTeX, Version 3. 1115925—1 40.10 (TeX Live 2009/Debian)

entering extended mode

{ - /wood-ms-supporting. tex

LaTeX2e <2009/09/24>

Babel <v3.Bl> and hyphenation patterns for english, usenglishmax, dumylang, noh
yphenation, loaded.

(/usr/share/texmf-texlive/tex/latex/base/article.cls



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


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

Build
© 50
O 49
O 48
O 41
© 46
O 45
© 4
© 43

oR

Set & forget: travis never gets bored

Message

Comment from Matt

Update to v1.0

Update to v1.0

Updates to webpages.

Use color not xcolor (installed on travis, should fix build)
Copy supporting information to generated pages
updated zanne big tree citation

checked all numbers. i think everything is perfect now

updating a the numbers in the text after fixing the plant listerror

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

Commit

Duration

40 min 26 sec

40 min 18 sec

44 min 30 sec

41 min 53 sec

50 min 18 sec

37 min 18 sec

59 min 25 sec

51 min 11 sec

39 min 41 sec

Finished

2months ago
2months ago
2months ago
2 months ago
2 months ago
2months ago
2months ago
3months ago

3months age



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

Find out what/who broke the project
master - Copy supporting information to generated pages

ran for 37 min

2 month

ﬂ Rich FitzJohn authored and committed Commit b&71es O Compare 601blde. ba71es Q




Find out what/who broke the project

B Comm May 29, 2014

n richfitz Split supporting material into something presentable.

B} richfitz Make Minion Pro possible, but fall back on Palatino.

n richfitz Copy supporting information to generated pages

Showing 7 changed files with 554 additions and 220 deletions. Show diff stats




Automated testing
travis-(l

Why doesn't everyone use this all the time?



Barriers to travis-(|

Project must already be reproducible



Barriers to travis-(|

Only for open source, or pay



Barriers to travis-(|

lll-suited for long running jobs, sensitive data



Dependencies
pachrat

Will it work later?

Seealso
rstudio.github.io/packrat rbundler


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

|dentify dependencies

packrat::init()
library(ggplot2)
require(lme4)
assertthat::see if(...)



|dentify 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: be2lbad411e628f810a92212el17b5be7
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?
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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-/

f -.\r_l"c‘;hﬁ;té@fhubjéiwood
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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-/

GNU make

L o M

®© omm



Rnitr

‘ ay o M
@@ﬁﬁ O~ -l



ay o N
' ay o M
) Q"-"-s

B




travis-(l

Q"-"-s_
v ' Q"-"-\_
v a ay o N

_
< omeme



packrat

Ay . N
' O~ __
) Q"-"-s

O-'--'-"-




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

Its not just good — its good enough



Partially
reproducible

Good faith effort at documenting requirements
makRes it much easier to pick up



How to be
more reproducible

» Think about reproducibility from the start
» Avoid manual intervention

» Think about workflows, project structure
» |dentify key inputs, outputs

> Run your project on a second computer
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Resources

Paper & analysis
This talk
rOpenSci

Software (arpentry
git

Rnitr

travis-(l

richfitz.github.io/wood
github.com/richfitz/reproducibility-2014
ropensci.org

software-carpentry.org

git-scm.com

yihui.name/Rnitr

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

