2023 Reproducible work in Data Science (X. de Pedro)

"Data Science. Applications to Biology and Medicine with Python and R", at IL3 - University of Barcelona. Feb

27th, 2023 (16-19:15h).

Content at https://seeds4c.org/reproduciblework2023
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1. Introduction - the problems (i)

TICHMNOLOSY FLATUR] Ri RPGLET 3335 .
Challenge to scientists: does your ten-
year-old codestill run?

Missing documentation and ohaolete environments force participantsin the Ten
Years Reprodudsbaliny Challenge 1o get creative.

o g.ﬂ o Jul

Obsolete Devices storing code & data --> Ease copying to new devices (legally also: copyleft, ...) + online repositories



1.1. The problems (ii)

I heard you need to create s
a TPS Report. Here, I've Oh, you need to Well it worked when I | 5
got an R script that does download these 5 wrote it 3 weeks ago. ;
that alrea packages first. 3

A . Grr.
N \7/ - I did, and V Package Merges
it still updates...
doesn't ./

work! E '
Tags 5
6
Y
7
/ Y
g
‘ D:;;ﬂntﬁu:d&
development
branch
Software obsolescence and incompatible dependency versions --> Adapt to code evolution:

- Controlling Package Versions |

renv )
- VCS (git, bazaar, svn...)

VCS = Version Control Systems >E



1.2. The problems (jii)

THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

“The Subversion server’s down”

HEY! GETBACK
TO WORK?!

i'#.]

= 2|
E '.i

OH. CARRY ON.

Decentralization

phyl =
!

Centralization (such as Subversion VCS (svn) may increase efficiency but it also -->  From Centralized VCS (such as svn) to Decentralized VCS (such
decreases Resilience ("shit happens") as git)

VCS = Version Control Systems




1.3. The problems (iv)

VTt STRTL Y TP L O T LT S OO oTLs eTRrDnITaET WA ATy o
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X by gy e
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- TErpapi W ' Se r? ﬁ?l " im0 cabining 1o . III '
se(? ! oy 15° /Serpopi) “serpop

- / 408" | 108 l l )08

- | iH?;'““ serpapt - f Install serpapi =108
‘ PRojECT 2 sl
EERDR ] E-_-:l 4
AT N 4::‘:’5"' - el r;')l:"' |: e A f}
;ti bl I ':;‘ » L 3
" f %5 JJ: - ““‘ﬂh\%« i

i
1
W

Conflicting package versions at system level with package versions at project Package versions per project Environment( renv )

levels




1.4. The problem (v)

PHONE EVOLUTION

Sometimes a project was developed with a major version of a programing language (R  --> R case: from RStudio Server to Posit Workbench (former RStudio
3.x, Python 2.x), Server Pro)
while another project in the same server requires a different major version (R 4.x, You can choose R version per project
Python 3.x)

Python: Several approaches (conda, PyCharm, ...): see this as an
example.




1.5. The problem (vi)

op Gk

Virtual Machine Manager

Virtual Machine Manager

Hardware

Hardware Hardware

Changes per Operating System itself (32 bit systems unsuported anymore, --> Virtual Machines or Containers (OVA, KVM, LXC, Docker, Pod...):

discontinued linux distros, ...) you can choose OS version per container within the same server




2. Enemies of reproducibility & adaptability

Enemies of reproducibility and adaptability (in levels): Changes / Evolution / Versions!

1. Operating system and its dependencies (and their versions)

2. Programming language (and its version)

3. Specific Packages (and versions) as dependencies for your Work Project

4. Versions of your own code (algorythm and param variations, etc): lacking versioning system

5. Readability and tidyness of your own code / routines / scripts

6. Lack of documentation/help resources + steep learning curve to use it or adapt it to your context or
Infrastructure




J. Reproducibility & Adaptability

How to avoid reproducibility & adaptability enemies (in R & Python for Data Science):

ISSUES

SOLUTIONS /WORKAROUNDS

(Level 1) Versions in OS repos & critical dependencies:

curl, ssl, GDAL, Java, cpp, V8...

(Level 2) Versions in Programming language:

Python 2.xvs 3.x, R 3.xvs 4.x, ...

(Level 3) Versions in Specific packages

(Level 4) Versions in Your own scripts

(Level 5) Tidy script content and organization

(Level 6) Help to lower the learning curve

Virtual Machines or Containers (VBox, KVM, LXC, Docker, Pod...)

Python: Conda, Geogle Celab, ...
R: RStudio/Posit Workbench

General (in Linux clusters): software modules.

Py: .env, poetry
R: Rackrat, Renv (by versions), MRAN (by date)

Decentralized VCS: Git (Gitlab, Github, ...), Bazaar (Launchpad), ...
Centralized VCS: CVS, SVN (Sourceforge, ..., ...

VCS = Version Control system

Literate Coding (Scripting & Coding) / Analysis

- R: Rstudio Notebooks with modern R (Tidyverse). VS Notebooks, G-Colab, ...
- Python: Junvter Notebooks, Rstudio Notebooks, VS Notebooks, G-Colab, ...

( Quarto Mardown and rendering for both and more)

Documentation, Code Vignettes, Exambles. Tutorials, Learning material (
learnr ), Books( bookdown )..



4. Reproducibility & Adaptability - Example in Posit Cloud

Example in https://posit.cloud (former RStudio Server Pro) :

"R 51 Posit Choud B <+ b

Level 1: A Container with a specific
linux distro (e.g. Ubuntu Linux 20.04 o 5 B st S e v 8 d
Focal LTS) per project. sepositCloud ©  voul BB datascience2023 re 60 A

Level 2: RStudio/Posit Workbench i R e el T E"“ﬂ@ | “ﬂuﬂi”""m?f;fgkhmé
(&) Your Workspace m = = - = F‘:' EVEFE"D“*"HHH T =
(which allows choosing R version r— O ottt < [ it ey SRS
Source | Viswal Outbne  |[ERaged  Etat Fversion 4.0.5
per project] i e -
G2 DATA_LECTURA
Level 3: renv foryour R package e . —
collection (and specific versions) in s E e e

69

O cheat Sheets . @

your project T Sy e

@i .00 5 &.

- - . o DATA_LECTURA T Pn
8 Lo o i e i 5 &
Level 4: git or svn for your scripts in ' A OOTH T00 A eyl o CL TS e
Ml Current System Status 13/05/2013 12:30:00 AM 11.4 9737 ~
- 13/0%/2013 01:00:00 AM 11.3 a73.7 ..
yﬂ LI r p rDJ e Ct B Posit Community 4:18 | B Hands on Exevcise Reproducible Work = R Markdown = 1 qgitignore 438
Y Rhistary 19.1 KB

Conscle  Terminal - Background Jobs =0 8 Rprofile 268

Level 5: YOU (Tidyverse is your o ke ) i || O @ et

feloud/projects uname -r

5.4.8-1868 Virtualization (Amazon Web Services) wo| README.md 1228
fr ie n d ) $ Plans & Pricing Feloud/progec ﬁ.!-h_l"l!'lHS-E -d ® | recipes {eontralled
Ho L5B modules are available. -
: Ubun O & ey renv R-package
(2] Terms and Conditions Distributor ID: tu : p g

Bescription: w Linux distro in container L & remvlack versions) 135 ks

Level 6: YOU (+ helpers: ot B e TS mosucmeon sandontar. 316

feloudfprojects []

roxygen2 , blogdown , learnr ,
bookdown ,...)




4.1. Level 1: Virtual Machines or Containers

App  App  App
| opsimgsen

Traditional Deployment

Virtualized Deployment Container Deployment

From:
https://kubernetes.io/docs/concepts/overview/

H\/

|



4.2. Level 2: RStudio-Posit Workbench

File Edit Code View Plots Session Build Debug Profile Tools Help

Q <t~ - # Go to file/Function « Addins « | R422 ~
Console Terminal x | Background Jobs “  Environment History Connegt ¥ Rversiond22
(R R4.2.2 - [doud/project/ £ k| 2 Import + | * 124 R version 4.1.3

R = '} Global Environment = Rversion 4.0.5
R version 4.2.2 (2022-10-31) -- "Innocent and Trusting" Rversion3.6.3
Copyright (C) 2022 The R Foundation for Statistical Computi f
ng R version 3.5.3
Platform: xB86_64-pc-1linux-gnu (64-bit) Environme Rversion 3.4.4
R is free software and comes with ABSOLUTELY NO WARRANTY. Files Plots Packages Help Viewer Presentatic . |
You are welcome to redistribute it under certain condition
"y Qi O «0] 0 & &-
Type 'license()' or 'licence()' for distribution details. | @ Cloud  project E

A Name Size Modih

R is a collaborative project with many contributors. 2
Type 'contributors()' for more information and =
'citation()' on how to cite R or R packages in publication | | .Rhistory 0B Feb1
= | "Rl project.Rproj 205 B Feb 1

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.

Type 'q()' to quit R.

Connected to your session in progress, last started 2023-Fe
b-15 23:48:56 UTC (5 minutes ago)
>




4.3. Level 3: renv - for packages

Version control in work "environments"
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4.3.1. Virtual environments in R with renv

O 8 hpsiirstudio.github.io/reny/

renv 0.16.0 Get started Reference Articles~ Changelog

renv

Overview

The renv package helps you create reproducible environments for your R projects. Use
renv to make your R projects more:

Isolated: Installing a new or updated package for one project won't break your other
projects, and vice versa. That's because renv gives each project its own private package
library.

Portable: Easily transport your projects from one computer to another, even across
different platforms. renv makes it easy to install the packages your project depends on.

Reproducible: renv records the exact package versions you depend on, and ensures those
exact versions are the ones that get installed wherever you go.

Installation

Install the latest version of renv from CRAN with:

install.packages("renv"}

Links
View on CRAN

Browse source code

Report a bug

License
MIT + file LICENSE

Citation
Citing renv

Developers

Kevin Ushey
Author maintainer

More about authors...

Dev status

oy UFETHWT




4.3.2. From utils; ; sessionlnfo() to renv: : snapshot() + renv.lockalso fails

ukik: sesslonlniol

+ pessionInfol)
B version 4.1.2 (2021-11-01)
rlatform: xB6 61-pe-linux-gnu (&1-hit)

Running nnder: Thunia 22.04.1 TTS

Matrix products: defaull
BLAS: just{lix86E_H-linux-gnu/blas/lihblas. so.3. 1000

LAPACK: jusrlib/x&6 t4-linnx-gnulapack
Miblapack.so.3.10.0

lncale:

[1] LC CTYPE=ca ES.UTF-# LC NUMERIC=C
LC TIME=ca ES.UTTF-

[1] LC COLLATE=ca ES.UTF-8
I.C_MONTTARY=ca_F&5.ITTT-8
I.C_MISSAGES=-ca_ TS UTT-8

[7]1 LC_PAPER=ca ES.UTF-8 LC NAME=C
LC_ADDRESS=C

[10] LE TELEIFHONE=C
1.C MEASUREMENT=ca_ES.UTT-E LC_IDENTIFICATION=C

attached base packiages:

[1] stats graphics gribevices datasets utils methods
hise

other attached packages:

1] kableFxtra_1.3.4 18 1.52  tietoc 1.1
Iubridate 1.9.0 tdmechange 8,11

[G] jamitor %10 Knitr 1,40 markdewn_ 1.3
HODEC 1.3-1% fst 0.9.%

[11] forcats 0.5.2 stringr_1.4.1 dplyr_1.0.10
purrr L35  readr 2.1.3

[1a] tidyr_1.2.1  tibble 3.1.8  goploi2 3.4.0
tidyverse 1.3.1

Inaded via A namespace {and not attached):

[1] httr 1.4.4  jsonlite 1.53 viridisLite 0.1.1
modelr 0.1.10  assertthat 0.2.1

[5] reny L1640  cellcanger 1.1.0 yaml 2.3.6
pillar 1.8.1 backports 1.4.1

[11] glue 1.6.2  digest 0.6.30 yvest Li.3
anakecase_0.11.0 colorspace_Z.0-7

[16] himltools 0.5.8 pkgeonfig 2.0.3 hroom 1.0.1
haven 251 scales 1.3.1

[11] webshot 0,54 svglite 2.1.0  openxlsx 4.2.5.1
rio 0.5.29  tzdh 0.3.0

[26] penerics 0.1.3 ellipsis 0.3.2 withe 2.5.0  cH_3.4.1
magritir 2.0.3

e snapshotfid fromeiod

"R": {
"Version™: 71127,
"RepositoriesT: |
i
"Name™: "CRAN",
"TRL"™: "hitps:) clowil.r-project.arg”
}
1
¥,
"Packages™: {
"DBI7:
"Package"; "DEI",
“¥erslom"; "1.1.3",
"ROUFCE™: "TRepository”,
"Repository™ "CRAN",
"Hash"; "hZAGGeithabi37 8c3cciT Ga 19542260,
"Requiremenis"; []
kL
"Huytex™: {
"Package": "tinytex",
"Version': "0L42",
“Spurce”™; "Repository”,
"Repository™; "CRAK",
"Hash™: "TE2OC6c1540835d45 24 ete7df265faT1",
"Hequirements': [

Ilmm“'ﬂ

1

I

"trdh": {
"Package": "tzdh",
"verston': "0.3.0",
"HRource”: "Reposilory”,
"Repository™; "CRAN",
"Hash"; "bZclcheeTediGeatZ3echieiies2h5e™,
"Hequirements": [

"eppll”

|

ks

"Ili.IlF; {



4.3.3. "Happy path”

For a reproducible environment

Commands in terminal - Computer 1

Commands in terminal - Computer 2

cd project_folder

git init

R

[obrir projecte de RStudiol

renv::init() # to initialize renv in your code
project

renv::snapshot() # to make a snapshot

"picture” of the list of R packages used within
the whole R project and their respective

package versions

q0
git commit ...

git push

cd project_folder

git clone/git pull ...

R

[open same RStudio project]

renv::status() # for a report on which steps are
suggested for you to follow

renv:restore() # to restore the package library

(with the required pacckage versions) for this
project

[continue working in/developing your code]

renv::snapshot() # to make a new snapshot
"picture” (in case there are new packages
and/or versions or R packages neweer or older

in use in your project ;-) )
q0
git commit ...

git push




File
.Rprofile
renv.lock

renv/activate.R
renv/library

renv/settings.dcf

Platform
Linux

macQOS

Windows

4.34. Infraestructure

Projects with renv write and use these files in order to work:

Use
Used to activate renv for new R sessions launched in the project.
The lockfile, describing the state of your project’s library at some point in time.
The activation script run by the project .Rprofile.
The private project library.

Project settings - see 7settings for more details.

By default, renv uses a package memory-cache here:

Location
~/.local/share/renv
~f/Library/Application Support/renv
%LOCALAPPDATA%/ renv




4.3.9. Advanced use

renv:install("packagename", version="0.1") # to install old versions from
a package (useful also for discontinued packages in CRAN!). See possible
package-version numbers at https://cran.r-project.org/src/contrib/Archive
[yourpackage/

renv:record("packagename", version="0.1") # to save at renv.lock the
specific version you need for this package

renv::deactivate() # to temporarily deactivate renv in your project
renv:activate() # to reactivate renv in your project

renv:equip() # for special installations in MS Windows
vignette("docker", package = "renv") # for a commbined use with Docker

vignette("collaborating”, package = "renv") # to improve collaborative use
in work teams

And much more. See:

e https://rstudio.github.io/renv/articles/renv.html
o https://solutions.posit.co/envs-pkgs/environments/




4.4. Level 4: git - for code

RStudio: Review Changes

Changes History | master- |/ Stage | ® Revert |0 ignore _— Refresh
Staged Status <« Path Commit message
QU gitignore | My important changes from today
il v m my.R
2 r.Rproj
RStudio: Review Changes
Merges ™ gt comma i
[ ] Cnmmrt EHm‘[tl:-!~153-w1:w-|=mut'ch Trom today
1 PEs el T Hy sarLant Changes From
.'/ S i ki = | | "1 Tile changed, 5 insertices(+), 4 delekions(-)
Show & Staged Unstaged Context |Sline = 2, Unstage All
og -1,9 #1,19 @@ Unsiage chunk
Tags 5 1| 1| % My.R script
I-. -.I I
6 3 #EpR Chunk 1: foo #a¥# ! B
; 3 ##8E Chunk 1: foodate #5488 St
?‘ 5 print({"foo™)
; 5 cat("foo")
/ 1 6 date()
F B ]
T goge Chunk 2: bar #Ees
) 8 soes Chunk 2: bar? aeme
| ]2 R i e R i T T T T i S B e B T T e i T
Discontinued e e
' development 3 print("bar")
branch Mo newline at end of file

18 print("barz")
Mo newline at end of Flle

See: https://gitlab.com/radup/curs-r-introduccio/ > Folder "codi" > 10.compartir.via.git. Rmd (or .pdf)
See also my own git recipes over some years, github cheatsheet, ...: https://seeds4c.org/git




5. More information

Work Environmentsin R

Free Work environments for Collaborative Data Science with R & Python

e https://solutions.posit.co/envs-pkgs/environments/

Videos

e https://posit.cloud/plans/free

Additional tutorial with big data to follow on site (R Cloud)

e An Introduction to Reproducible Research
Practices. 29 d’'abr. 2022. John Little. Duke
University. Video

e Designing a Reproducible Workflow with R and
GitHub. John Little. 22 de nov. 2021 Video | Tutorial

e The workflowr R package: a framework for
reproducible and collaborative data science. 13 de
jul. 2018. R Consortium. Video

e Kevin Ushey | renv: Project Environments for R |
RStudio (2020). Posit PBC.. 20 de des. 2020. Video

R Packages

e Danielle Navarro. 2022. “Using Amazon S3 with R”
March 17, 2022.

Papers

renv | workflowr | learnr | roxygen2 | Tidyverse

e Wallach JD, Boyack KW, loannidis JPA. (2018)
Reproducible research practices, transparency, and
open access data in the biomedical literature,
2015-2017.PLoS Biol 16 (11): e2006930.
https://doi.org/10.1371/journal.pbio.20069230

e Leek JT, Peng RD. Opinion: Reproducible research
can still be wrong: adopting a prevention approach.
Proc Natl Acad SciU S A. 2015 Feb

10;112(6):1645-6.doi: 10.1073/pnas.1421412111.

PMID: 25670866; PMCID: PMC4330755



b. Hand on practical exercise

Posit Cloud — Mozilla Firefox

@ || = Posit Cloud X} | W
« - O O 8 2 hitpsu/posit.cloud/content/S488234 g @ & 5 =
=positCloud o Your Workspace / datascience2023 e B ' ~
Spaces File Edit Code View Plots Session Build Debug Prefile Tools Help

| - =] A Goto fileFoncton & « Addins - RAZZ .
(&) Your Workspace i x
® Reproduciblework_HandsOnExsreise.... =[] Ewironment Misory ( ¥ Rversond2z | _
+ New Space ¥ R ek 5 W - -*Run - | - A & - @ &  Rversiondi3 | 2
Source | Visual Outline Staged Statuss | =~ Path B version 4.0.5
adades-estacions-meteorol-giques-auton- tigues/vgwd-vise 'H:ij"i R version 3.6.3
;] select( re .
Learn 51 ACRONIM_VARTABLE , 3 r oad bkl H:'nm-nn 3.5.3
@ G2 DATA_LECTURA, R version 3.4.4
Guide 63 VALOR_LECTURA} %%
Gd pivot_wider(
! What's New 65 nanes_from = “ACRONIM_VARTABLE",
Lils] valuves_from = "VALOR_LECTURA™)
i 67
O Primers 68 data_wide
g
[::l Cheat Sheets
37T = 17 Files Plots Packages Help Viewer Pres _ [
DATA_LECTURA T Pn , |(SEIC .99 & 8-
H'EIF" S irhirs Lk =] . Eloud DrﬂjE‘lf[ t
13/05/2013 12:00:00 AM 11.6 973.9 i =
Ml Current System Status 13/05/2013 12:30:00 AM 11.4 973.7 %+
13/0572013 01:00:00 AM 1L1.3 973.7 & aikianor 88
B Posit Community 418 [ Hands on Exercise Reproducible Work 3 R Markdown = o o
Rhistory 19.1 KB
Conzole  Terminal Background Jobs = ] % Aprofile 268
Terminsl 1 » | fcloudfprogect = g 3 .
rogeck.Rpr 2058
Info Jeloud/projects uname -r Prec o
5.4.8-1888-aws ws | README.md 122 B
$ Plans & Pricing feloud/projects lsb_release -a recioes
Ho L5B modules are available. B
Description: Ubunty 20.84.5 LTS B remvlock 13.5KB
Release: 20.84 '
-
ok nea Foca Reproduciblework_HandsOnExer... 2.3 KB

feloud/projects []




b.1. Register a free account a Posit Cloud

€ = O O & & hupsiioginposit.cloud t3 8 &+ & =
You can do so at:

= posit

e https://posit.cloud/plans/free

Welcome,

‘You are logged in [0 Posit. Flease sedect your
destnation

You will need to click on a link sent to your email & rosi Gout
inbox to validate your account. Q@ wioosi

Once done, you'll see something like:




b.2. Create a Project from git repository

Enter Posit cloud and click at New Project > New Project from Git Repository

« =2 O QO 8 =2 hips://posit.coud/content/yours?sort=name. asc oF & &) =
= Your Workspace Content  Usage  About . Xavier de Pedro Puente /™
ravier de Pedro Puente
£ Your Content Your Content (1,
=] Archive TYPE | 3 ~ | ACCESS | 3 oET | @ Mew RS5tudio Project
il Trash

h:_ng- Mew |upyter Project

My First Test

e RStudio Project E Private.  Created Feb 25, 2023 1:111 PM nl MPfﬂiﬂhm.ﬁlﬂﬂpﬂtﬂWI




Jead
g

B a &

EH @ B

& = O

& Set up CI/CD & Add Wiki (&) Configure Integrations

b.2.1. Visit gitlab to get clone url

Visit this code project in gitlab to get the project clone url:
https://gitlab.com/xavidp/datascience2023

O 0 Al htps/gitlab.comixavidp/datascience2023 g @ & & =

raler de Pedr DataSclence2023

D DataScience2023 & av || wear | ol ¥re| o

Project 1D: 21780638 [R
-0 5 Commits }¥ 1Branch <<’ 0Tags K 236 KB Project Storage

Extra files and git repository for my sessions held at the DataScience Postgraduate Course at IL3-UB - 2023

Base Rmd file ffeadfed | [
Yavier de Pedro authored 9 minuies ago

master ~ datascience2023 /| | T+ ~ Find file Web IDE ~ o v

) README | [ Add LICENSE | | ® Add CHANGELOG | | ) Add CONTRIBUTIN C1one with SSH

glt@gitlab.com: xavidp/datascien

Clone with HTTPS

Name Last commit https://gitlab.com/xavidp/datas

4 .gitignore PAELIL TPy Open in your IDE
w README.md Jpdate 2 files Visual Studio Code [SSH)
@ ReproducibleWork_HandsOn... Base Rmd file Voo et el (TR

IntelliJ IDEA (SSH)
[&] README.md Intellid IDEA (HTTPS)




b.2.2. Create project from git repo

Paste it in the Posit cloud popup window and click at OK:

C

Your Workspace
Eavier de Pedra Pusnte

ER Your Content
=] Archive

B Trash

o 8 & httpsrposit.cloud/content/yours?sort=name_asc

Content  Usage  About

Mew Project from Git Repository

URL of your Git Repository

https://gitla b.cumr:-:awdpa'dataﬁclenceznzigld

W &

&

e

&)

. ¥avier de Pedro Puente

Fat




6.3. Choose R 3.6.x & Run Rmd

Posit Cloud — Mozilla Firefox
@ = PositCloud w: | =E y
&« = O O 8 &= https://posit.cloud/content/5488234 7 ® L 55 =
= Your Workspace / datascience2023 g 8 @ l A
File Edit Code View Flots Session Build Debug Profile Tools Help o
@ . 5. i # Goto file/function % & « Addins . m
&  ReproducibleWork_HandsOnExercise.... Environment History Connections Git Tutorial ]
& A Knit . = 1 . = | ] | #|mportDataset . ®z10MiB . | & List - n
Source | Visual + Run Selected Line(s) Ctrl+Enter Utline R « Tk Global Environment -
1+ ---
2 title: "Hands on Exercise Reproducible Work” | P RunCurrentChunk  Ctrl+Shift+Ente
4 date: "2823-82-25" | e
5 output: html_document Run Setup Chunk
? " A v Run Setup Chunk Automatically
B~ R .I -[r set W, 'Il.ﬂE-LUdE'=F|ﬁ.L5E] - HU“ .ﬂ.ll chunhﬁﬁbﬂw Etll‘l'mt*".:lhift P k
9 knitr::opts_chunkSset(echo = TRUE) =
19~ " Run All Chunks Below Files Plots Packages Help Viewer Presentation s [™]
11 ﬂ ﬂ = ﬂ a wp -
12 - # Session Reproducible Weork Restart R and Run All Chunks — o "
13 Restart R and Clear Qutput & Cloud  project
14 Monday Feb 27, 2023. IL3-UB. = _ & Name Size Modified
4;1.El B Hands on Exercise Reproducible Work = H‘-I.Inﬁll_ ‘ s J_H.I‘I:‘.{-H ldl::-wn : T .
Console  Terminal Background Jobs . : 4 .gitignore 438 Feb 25, 202.
@ R363 - fdood/project Run all of the code in the source file 8 RData 32B  Feb 26,202
Type 'demo()' for some demos, 'help()' for on-line help, or Rhstory 19.1 KB Feb 26, 202,
'help.start()' for an HTML browser interface to help. & project.Rproj 2058 Feb 26, 202
Type Sl ) totgataiR, vo| README.md 1228 Feb 25,202

recipes

[Workspace loaded from fcloud/project/.RData]
|ﬂ.‘. ReproducibleWork_HandsOnExercise.Rmd R.3KB Feb 25, 202,

=




b.3.1. Install dependencies also

& | ReproducibleWork_HandsOnExercise.... p— Environment  History Connections Git  Tutorial e ]
Q| @ Knit - . W . -#Run . ‘& . o ]| S importDataset . | ® 135MiB . | & List » .
Source | Visual = Outline R - 1} Global Environment . Q
i Packages fmarkdown and knitr required but are not installed jon t Show Again ®
1> ---
2 title: "Hands on Exercise Reproducible Work" Environment is empty
3 author: "Xavier"
4 date: "2023-62-25"
5 output: html_document
5= =ua
-
8~ """{r setup, include=FALSE} 4
9 knitr::opts_chunkSset{echo = TRUE
e e 3 ( ) Files Plots Packages Help Viewer Presentation —
11 @ Folder | © BlankFile . | @ |Upload | @ Delete = Rename G -
ﬁ ~ # Session Reproducible Work 7 @B Clovd > project P ..
14 Monday Feb 27, 2023. IL3-UB. Ao e Modiied
15 ,
11
12 - # Session Reproducible Work
13
14 Monday Feb 27, 2823. IL3-UB.
15

16 Related to:
17 https://seedsdc.org/reproduciblework2623

s

4:5 £ Hands on Exercise Reproducible Work = R Markdown =
Console  Terminal Backgreund Jobs =]
2 Install R packages NN @ 005

DONE (basefdenc)

installing *binary* package ‘mime” ...
DONE {(mime)

installing *binary* package “ellipsis’ ...
DONE {(ellipsis)

installing *binary* package ‘cachem’ ...
DONE (cachem)

*® & % & F 4 &




6.3.2. Running Rmd will perform GNU/Linux system commands also

GNU/Linux system commands

will usually be much more
efficient in memory & cpu

It helps to prevent RAM
bottlenecks with just 1Gb RAM on
Posit Cloud Free plan

(while csv file from reduced

meteorological dataset is already
0.5 Gb).

ﬂ - & - ,:-J'-

& | ReproducibleWork_HandsOnExercise....

(R R4.22 - /doud/project/

> gdata =- read_csv("data_subset.csv")
Rows: 10000080 Columns: 58— Column specificatioen

Your Workspace / datascience2023

File Edit Code View Plots Session Build Debug Profile Tools Help

# Go to file/Function 5 = . Adding

= Environment

History Connections

fﬁ@.f’“

Hd.22 =

Git

= ]

Q| 4 Knit . 5 *B. ~HRun .| B . J535MB - | 5 -
Source | Visual = Outline R - 7% Global Environment -
;E ii"h"i“-lﬂ-'r I lf g e e o e B f AL = Data
16 Related to: © data 1000000 obs. of 8 varia.
17 https://seedsdc.org/reproduciblework2623
18
19~ #% Hands on Exercise
20
2] = b
22 if (!require(readr)) {install.packages("readr")}
g3a tt
" Files Plots Packages Help Viewer F _ ™)
Loading reguired package: readr 00 .00 a )
|| @ Cloud - project E
24 =
26~ “““r3 * & Mame Size
26~ if (!file.exists("data subset.csv" t.
27 : data [ | % gitignore 48 B
28 _SMC. 5 -k ~ :
29 system("cat data smc.csv | head -n18666081 - - .Rhistory 08
data subset.csv” ] I | data_smc.csv.bz2 50.2 MB
38+~ } . : . :
31 data =- read_csv{"data_subset.csv") = %' project.Rproj 2B
32~ """ | wo| README.md 1228
al ' M 9| ReproducibleWork HandsOnExer... 629B
32:1 Chunk 3 = R Markdown < — .
| | data_smc.csv 613.3MB
Console  Terminal Background Jobs "= (7 "'"l data_subset.csv



Variables are in numeric codes (not easily readable by humans in a semantic way). We lack some varaible

b.3.3. Display raw data

names (or acronyms at least) for readability.

= ReproduciblewWork_HandsOnExercise....

O 0 N G W s W N M,

|
W N = o

Filter
1D
XK721205132330
XK361205132330
XK381205132330
XK321205132330
XK401205132330
XK421205132330
XK331205132330
XK441205132330
XK031205132330
XK301205132330
XK311205132330
XL031205132330
XL301205132330

CODI_ESTACIO
XK
XK
XK
XK
XK
XK
XK
XK
XK
XK
XK
XL
XL

CODI_VARIABLE

72
36
38
32
40
42
33
44

30
31

30

DATA_LECTURA

12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05f2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05f2013 11:30:00 PM
12/05/2013 11:30:00 PM
12/05f2013 11:30:00 PM

e [ ] Environment
gl e B

DATA_EXTREM
12/05/2013 11:3(

12/05/2013 11:3(
12/05/2013 11:5]

12/05/2013 11:3.
12/05/2013 11:5]

12/05/2013 11:5i

R -
Data

2 data

Files

-+ S+
| | ¥ Cloud

Histo: ey ]
2 476 MiB .

% Global Environment .

1600000 ..

Plots Pack . ™
0710 &4
project R

A Mame

, T
|| %] _gitignore

&

.Rhistory



b.3.4. Transform In tidy way

34

35+ " {r}

36 # Get the description of the variable codes

37 # From here: hitfps://analisi.irapsparenciacatalunva.cat/Medi-Ambient/Metadades-variables-meteorel-gigues/afh2-n3vi/data

38 wvariables <- read_csv("https://fanalisi.transparenciacatalunva.cat/api/views/4fb2-n3vi/frows.csv?accessType=DOWNLOAD&SOrting=true” )
394 v

Rows: 26 Columns: 6— Column specification
Delimiter: ","

chr (4): NOM_VARIABLE, UNITAT, ACRONIM, CODI_TIPUS_ VAR

dbl (2): CODI_VARIABLE, DECIMALS

1 Use "spec()’ to retrieve the full column specification for this data.

i Specify the column types or set “show_col_types = FALSE™ to gquiet this message.

40

41~ " {r}

42 # We prepare a small dataframe from the variable definition to join on the smc data frame
43 wvariables.to.join <- variables %=X

44 select{CODI_VARIABLE, ACRONIM) #=%

45 arrange(CODI_VARIABLE)

46
47 wvariables.to.join
ag= **"
& tihhle: 26 x 2
CODI VARIABLE ACRONIM
<dbl> =chr=
1 Px
2 Pn
3 HRx

30 W10




6.3.5. Transform in tidy way (ii) - result

49

S8~ “"{r} = P
51 # Let's join variable df on to the data df

52 data =- left_join(data, variables.to.join) %=%

53 rename{ ACRONIM_VARIABLE = ACRONIM)

L
o
Joining, by = "CODI_VARIABLE"
55
56~ " {r} =

57 & Let's convert the source data frame (which is long shape, as database) into a wide shape {(table like, with meteorological variables as
columns) while selecting just one meteorological station as an example

58 data_wide <- data ¥=%

59 filter (CODI_ESTACIO =="D5") %>% # D5 corresponds to "Barcelona Qbservatori Fabra" Meteorological Observatory (at Collsercla Mountain)

https://apnalisi.tcanspacenciacatalunva.cat/Medi-Anbient /Metadades-estacions-neteorel-gigues-autop-tigues fvawd-vise

60 select(
61 ACRONIM_VARIABLE,
62 DATA_LECTURA,
63 VALOR_LECTURA) %-%
64 pivot_wider(
65 names_from = "ACRONIM_VARIABLE",
66 values from = "VALOR_LECTURA")
67T
68 data_wide
69~ "'
o
ibble: 377 x 17
DATA _LECTURA T Pn ™ HR HRN HRX vv1io DV10 leﬂ b
< M= i e =00 < dbhi=> =ahl= =00 S e D= =0l = < dbi=>
13/05/2013 12:00:00 AM 11.6 973.9 11.4 91 91 92 2.0 238 2.7
13/05/2013 12:30:00 AM 11.4 973.7 11.4 90 90 91 1.5 238 2.9
13/05/2013 01:00:00 AM 11.3 973.7 11.3 89 a87 91 1.1 174 2.3

13/05/2013 01:30:00 AM 133 973.6 11.3 89 88 91 1.5 209 2.4




6.3.6. Last code chunks

70

1~ """{r}

73 write_csv(data_wide, "data_subset_d5 wide.csv")

Tge:

75

76

T~ “{r}

78 # Produce a simple R version of this R Markdown document

79 knitr::purl("ReproducibleWork_HandsOnExercise.Rmd"”, documentation=2)

8o~ "

[1] "ReproduciblemWork HandsOnExercise.R"

81
82
4:18 3 Hands on Exercise Reproducible Work =




b.4. Choose R 4.2.x & Run Rmd again

Repeat the previous steps but in a R 4.2.x environment: install dependent R packages again... (new
environment, but still installing from CRAN repos). renv not needed in this case still (lucky you!).

So far, so good.

« > C O 8 = https://posit.cloud/content/5488234 o, @ L @ =

= Your Workspace / datascience2023 F &t

File Edit Code View Plots Session Build Debug Profile Tools Help

Qo . . - , # Go to file/function ﬁ - -« Addins - R422 »
& | ReproducibleWork_HandsOnExercise.... w1 Environment History Connections Git . ™
,_.-" Q ﬂgﬁnlt - - +‘E - =+ Run « JEJ' w - "": ‘ - * L ﬂ - Dm master «
Source = Visual = Outline @ Your branch is ahead of 'origin/master’ by 1 commit.

M\ Packages rmarkdown , dplyr , and knitr others required but are not installed. Install Don't Show Again X Staged |Status | 4 Path

is ---

2 title: "Hands on Exercise Reproducible Work"

3 author: "Xavier" data_smc.csv

4 dﬂtE: " 2ﬂ23+32‘-25“ data_smm_bﬂ

5 output: html_document Bade aulicol ol e
. i _all.
T

i data_subset_dS_wide.csv




6.9. Choose R 3.4.x & Run Rmd

Now let's touch some issues with R package versions in a R 3.4.X environment

Running Rmd will fail at some package installations

e dplyr installation fails
e readr IsreportedasunavailableinR 3.4.4
e tidyr installation also fails (aswell as purrr )

Solution

In this case, the solution involves finding some valid previous package version
for each conflicting R package, and using this type of commands:

e renv::init()

e renv::install("packagename@x.y.z") # being xy.z a
valid package version number, as taken from
https://cran.r-project.org/src/contrib/Archive
/packagename/

e renv:record("packagename@x.y.z")

e renv::snapshot() # after all packages installed
without any more issues

Console  Terminal Background Jobs gy [

R R3 - /doud/project/

> renv::init()

Error in loadNamespace(name) :
> install.packages("renv")
Installing package into “/cloud/1lib/x86_64-pc-linux-gnu-library/3.

(as ‘lib’ 1s unspecified)

trying URL 'http://rspm/default/_linux__ ffocalflatest/srcf/contrib/renv_
6.16.6.tar.gz’

Content type 'application/x-gzip' length 1878804 bytes (1.8 MB)

e s e p m p m m m pmm m m m m m m mmm e e m m mw  mmm m mm m m w m m mm m —

there is no package called ‘renv’

downloaded 1.8 MB

* installing *binary* package ‘renv’ ...
* DONE (renv)

The downloaded source packages are in
“/tmp/Rtmpzvsnly /downloaded_packages’
renv::init()
* Initializing project ...
* Discovering package dependencies ... Done!
* Copylng packages into the cache ... Done!
The following package(s) will be updated in the lockfile:

L3

# RSPM ================
- R6 [* -> 2.5.
- baseédenc [ &)




Let's get renv to the rescue. Once
somebody solved these issues, and
found a valid recipe of package
versions for this environment, a
file ./renv.lock will have been
produced in the project root folder
after running the command
renv::snapshot()

I did this already, and I uploaded
the produced renv.lock file to the
manually created ./recipes/
folder in this project as a backup
for you (as renv_R344.lock).

You can then copy now the
./recipes/renv_R344.lock file
provided in the project as
./renv.lock in the project root
folder, for renv to be able use it.

6.5.1. Use renv.lock recipe (i)

« = O 0 B =2 hitps:iposit.clowd/content/S4882 34

= Your Workspace / datascience2023

‘E:? .
i\ 8O *

e

i

|E"-|n;ﬂ lﬂ|ﬂﬁntﬂﬂ:ﬁ.‘mﬁtﬂn |Ii-|m#',.lli:l.[_u.-

] -li'mta:,"i-
mm

e 1 - iama WY S CAE

w. 0 Il-hm*lﬁ.-
S ke

S e . o 0 a.I[!.,’=

meauwwmﬂmm Install Dot Show Again

l:'Ltl.l "Hands on Exercise Itupr-n-duri:hle Work"

1
z
% "“H""” "“"“" | (hoose Destnation
-'.i’

| recipes

¥ gitignone 48g

@ ARata 7R
15 ' ' : " Rhistory 19,1 KB
:’; Related to: <https://seedsdc.orgd b projectRproj 205 8
1B+ # Hands on Exercise »= READMEmd 122 B
1 " = ReproducibleWork_HandsOnExercise Rmd 23KB
m o frmu;{mm} {uum:_g pa
g AF (trequire(dplyr Eh . pa
:'.:H* H*{ rmlrl{t‘hlﬂﬂ} mu

Loading required package: readr
Loading reguired package: dplyr

Attaching package: 'dplyr’

The following objects are nasked from "package:stats’:

| Mew Folder |

Feb 25, 2023, 2:13 PM
Feh 26, 2023, 202 AM
Feb 26, 2003, 208 AM
Feb 26, 2023, 203 AM
Feb 25, 2023 213 PM
Fab 25, 2023, 3:36 P

Emviranment & empty




Run renv::init() intheR

console.

Choose restore the renv.lock
package versions:
"1. Restore the project from the
lockfile"

b.9.2. Use renv.lock recipe (i

« = O ) 8 = hitps:/posit.cloud/content/S5488234 ki @ & g =
= Your Workspace / datascience2023 s L3 6 - ~
File Edit Code View Plots Session Build Debug Profile Tools Help
LSRR = & # Go o file/function o - « Addins « R3d44 «
& | ReproducibleWork_HandsOnExercise. .. =]  Environment History Connections Git . ™
v Q| A it ® W .| ~*Run . ‘5 - s | A9 B L | & = B | master «
Source | Yisual = Qutline Staged Status & Path
Al Packages dplyr and tidyr required but zre not installed. install Don't Show Again ® renv/
- 1 '. = - - - renulu:t
2 title: "Hands on Exercise Reproducible wWork”
3 author: "Xavier”
4 date: "2823-82-25"
5 output: html_document
6% ---
T
B """{r setup, include=FALSE} F
9 knitr::opts_chunkizset(echa = TRUE)
1§
11
12 = # Session Reproducible Work
13
14 Monday Feb 27, 2023. IL3-UB.
15 Files Plots Packages Melp Viewer
16 Related to: <https://seedsdc.org/reproduciblework2023> p =0
17 ﬂ'l ﬂ . L1 ] ﬂ - | a -
18 - ## Hands on Exercise | dl Cloud  project K
- “*{r} = =i =
21 if (ireguirelreadr)) {install.packages{"readr"}} t.
22 Aif (!require(dplyr)) {install.packages("dplyr")} _| ] .gitignore 48 B
a 'F | i i .;'J J (1 t‘ d (1] i .
E:‘ if ( require(tidyr)) {install.packages("tidyr")} | & Rhistory 19.1 KB
4:18 £ Hands on Exercise Reprodudbls Work 2 R #Markdown = | B project.Rproj 2058
Console  Terminal Background Jobs = | wo] README.md 1228
(R R3.4.4 - /doud/project/ | 0 recipes
%] renvlock 13.5KB

RaatarEing R mansln. | @ Reproduciblework_HandsOnExer... 2.3 KB
= renv::init() | sl renw
This project already hazs a lockfile. What would you 1ike to do?

Restore the project from the lockfile.

Discard the lockfile and re-initialize the project.

Activate the project without snapshotting or imstallimg any packages.
Abort project initialization.

B kil Bl e

Selectlon: 1




6.9.3. Use renv.lock recipe

You will be ready to go with
minimum human intervention.

All R packages will be installed in
the backgound to their required
package versions, following the

recipe that someone created for R
3.4.4. already.

The key file is the renv.lock file.

File
@ .

Edit Code View Pleks Session Build Debuwg Profile Teels Help

o

& ReproducibleWork_HandsOnExercise. ..

Source

JF Cl g-.lﬂt - - qa -

Wisual

Al Packages dplyr and cidyr required bat are not installed. [nstall Don't Show A0ain

P et
L]

118

title: "Hands on Exercise Reproducible Work”
author: "Xavier"”

date: "2823-82-257

output: html_document

" r setup, include=FALSE}
knitr::opts_chunktset{echa = TRUE)

# Session Reproducible Work

Monday Feb 27, 2823. IL3-UB.

Related to: <https://seedsd4c.org/reproduciblework282i>

## Hands on Exercise

R

d&E Ffrmemod s -l (e
1 Hands on Exercise Reproducible Wark =

R b ISP PRSI J RSN R R

Console Terminal = Background Jobs

L e L=

0K [linked cache]

Installing rmarkdown [2.28] ...

0K [linked cache]

Installing tidyr [1.2.1] ...

0K [linked cache]

Restarting R session...

* project 'fcloud/project’ loaded. [renv 8.16.8]

=

- (1] # Go to file/function o - = Addins -

P4 | Environment

~= RBUn = 'Ek-
= Chultline

- F
R Markdown =

=]

Ridd w

History Connections  Git

=]

Al &<l & T master.

Staged |Stabus = Path

Rprofile
remv
renv.lock

Files Plots Packages Help Viewer
QO .09 - -

| d Cloud - project

& Mame

_

| %] gitignore

“ ] .Rhistory
i project.Rproj

| we] README.md

| recipes

[ %] renviock
2| Reproduciblework_HandsOnExer...

I reny

| & Rprofile

-]

o ...
Gire

488
19.1 KB
2058
1228

13.5KB
23 KB

268




6.9.4. Use renv.lock recipe (iv) - finished

Your Workspace / datascience2023

File Edit Code View Plots Session Build Debug Profile Tools Help

NNl R

=[]

@ .l = A GCoto file/function ;A - Addins . R344
= ReproducibleWork_HandsOnExercise.... — [  Environment History Connections Git
s X Kt . . W. -*Run . | G 4 - E By master .
Source  Visual Outline Stoged Status | =~ Path
o == - HF'ﬁI-E

Z title: "Hands on Exercise Reproducible Work"
3 auther: "Xavier”

4 date: "2823-82-25/

5 output: html_document

g‘ 2= data_subset_ds wide.csv
B= ""{r setup, include=FALSE} ¥ renv/
9  knitr;:opts_chunkiset{echo = TRUE) remv.lock
[
11
12 - # Session Reproducible Work
13
14 Monday Feb 27, 20823. IL3-LB.
15
;g Related to: <https://seedsdc.org/reproduciblework2f23> p— e e g
18 - ## Hands on Exercise e .00 4 @-
19 @ Cloud  project
20~ "' {r} - & Mame
21 Aif (!reguirei{readr)} {install.packages{"readr”™)}}
3 if flranmiradalucrit (inetall narksmac! "drlwr™1 1 t e
4:18 1 Handz an Exercize Reproducible Wark = R Markdawn = 2
€| .gitignore
Console  Terminal Background Jobs o 1 | Rhistory
R R344 - floud/project/ , ,
il e ot med Sl _| TRl project.Rproj
# values _from = "VALOR_LECTURA") wo! README.md
e
= data_wide | recipes
> # Save resulting dataset to dizk % renvlock
= write_csv(data_wide, “data_subset_d5_wide.csv") .
> # Produce a simple R version of this R Markdown document 2| ReproducibleWork_HandsOnExer...
> kmitr::purl( “ReproducibleWork_HandsOnExercise.Rmd”, documentation=2) | reny
& Rprofile
processing file: ReproducibleWork_HandsOnExercise.Rmd data_smc.csv.bz2
data_smc.osy
output file: Reproduciblelork HandsOnExercise.R
data_subset_all.csv
[1] "Reproducibledork_HandsOnExercise.R" data_subset_d5_wide.csv
= @ | Reproduciblework_HandsOnExer...

Reproduciblework_HandsOnExercise R

data_smc.csv
data_smc.csv.bz?
data_subsat_all.csv

488
12.1 KB
2058
1228

13.5KB
Z.3KB

268

50.2 MB
613.3 MB
61.3 MB
48.6 KB
28EKB




@ = Posit Cloud

== posit Cloud
Spaces

=
(&) Your Workspace

+ New Space

Learn

@ Guide

1 What's New

6.6. Additional info

Project (Container) goes to sleep on inactivity

Posit Cloud — Mozilla Firefox

x | +
O & == httpsi//posit.cloud/content/5488234%idle=1677351913626 g
L] Your Workspace / datascience2023

While you were away, your project went to sleep.

Resume




Thanks

Posit Cloud — Mozilla Firefox

Xavier de Pedro Puente, Ph.D. - @ | = Posit Cloud a5 £
> e~ = O 8 &= hitpsy/posit.cloud/content/5488234 o @ & 9 =
xavier.depedro@seeds4c.org ==
== posit Cloud e Your|Workspace | datascience2023 R « B |.|. ~
spaces File Edit Code View Plots Session Build Debug Profile  Teols Help o Rstudio/Posit Workbench
-+ T - i=H Go bo Fle/funcbon & = ins = . =
(2) Your Workspace = : el = Addins »  (code versions) : naRl =g
= 2 Reproduciblework_HandsOnExercise.... = [T git Emvironment History | (WU RVERsian 822 8 | e
4+ New Space Q| ke . O 3 - | A Rversiond.13 | |
. . el ; Rversion 4.0.5
Slides available at: i . _
adades-estacions-neteorol-gigues- auton- tigues /yowd- vise 'ijf' R version 3.6.3
& select( Term, :
htt . d 4 i 61 ACRONIM_VARIABLE, 7 B el e
pS. S‘EE S' C.Drg @ &2 DATA_LECTURA, & R version 3.4.4
Guide 63 VALOR_LECTURA} %% @
5 64 pivot_wider( (R versions)
/reproduciblework2023 | e i 65 nanes.fron = “ACKONIN VARTABLE",
&6 values_from = "VALOR_LECTURA™)
1 67 .
O Primers 68 data_wide Modern R (Tidyverse)
N s
[J cheat Sheets x
e 877 x 17 Files Plots Packages Viewer Pre: _ [
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