Open Questions for
Computing Language
for Open Science
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Motivation

Anaconda drama

I3l AnaConda < EDV/FuerUser < X

& 5 € 2% cbswiki.cbs.mpg.de/binjview/EDV/Fuer.. Yr [ @&

ANACONDA

Permanent Link:

Summary: Anaconda is a Python distribution featuring the package manager conda. According to their
terms of service it cannot be used at the institute without a license.

Can | use Anaconda at the institute?

No.

According to their terms of service we (the Max Planck Society (MPS)) are not allowed to use
"Anaconda's offerings" for free as we have more than 200 employees and none of their exceptions
applies to our institute. Since the MPS has no licenses for Anaconda you are not allowed to use it. Fe

~ To prevent
disruption of the research process, the Anaconda package repository is still accessible from the institute.
Please migrate away from channels at repo.anaconda. com as soon as possible! To continue using
conda you can switch to Miniforge and the conda-forge Channel.

'K | Ty Q AKX w »

@ Robert Brautigam (Jira) 2024-09-11
IT-ServiceDesk 1T-17358 Anaconda licensing

To: Seung-Goo Kim,

Reply-To: IT-Support

Dear Dr. Seung-Goo Kim

a new comment has been added:

Robert Brautigam - 11/Sep/24 8:37 AM
Dear Seung-Goo,

| understand the frustration, this is a very unfortunate turn and |
am not sure about the legal situation. There is an intense
discussion going on about this topic amongst fellow Heads of IT of
the MPG. | am still in the process of finding out if this really affects
us or if there is a way around this. | am attending a meeting at
GWDG in ca. for two weeks, where this topic will be discussed
further. | hope to get some more insights there.

Cheers, Robert
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Anaconda Terms of Service FAQs

Is Anaconda still free? Vv

Does Anaconda require academic entities with 200 or more employees to purchase a N
business or enterprise license?

[

.
No. Anaconda does not require academic institutions and universities to purchase a business or enterprise license for access to our package\.
repository, regardless of their size, when used in course curricula. We maintain a free-use policy for educational entities when Anaconda is \'/
used in course curricula, including teaching, learning, and research at accredited educational institutions worldwide. This free-use policy

applies even to large universities with 200 or more employees. The 200-employee threshold for paid licenses primarily applies to commercial
organizations. However, it's important to note that paid licenses may be required for specific use cases within academic settings, such as

embedding Anaconda’s products, mirroring them, or providing third-party access beyond standard educational use.
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What computing
language should we
use”?
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What computing
language should we
use for open science?




Why do | associate Python with Open Science?

* Until 2000s?: We used proprietary software all the time (MATLAB, BESA,
BrainVoyager, SPSS, ..., Microsoft Office, Windows, Mac{HW+SW})

e 2012: Special Section on "Replicability in Psychological Science"” in Perspectives on
Psychological Science, https://journals.sagepub.com/doi/
10.1177/1745691612465253

 2015: Open Science Collaboration, "Estimating the reproducibility of psychological
science", Science, https://doi.org/10.1126/science.aac4716

* For transparency, the whole analysis needs to be replicable on others' system only
using open-access software (i.e., docking everything won't violate any copyrlght laws)

=> "MATLAB is proprietary&. . Thus MathWorks is the enemy of OpenScience®!

 Now if we need to pay for Anaconda (or maybe Python4 itself), it would make
switching to Python meaningless for Open Science!
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https://doi.org/10.1126/science.aac4716

——— - —

I'/' ‘\‘\ /:'-’,‘%, N
() | ()

MAX PLANCK INSTITUTE \ ]| R
FOREMP RICAZ ACSTHETICS “\\ J,,»" =

.
e

Skepticism triggered! &)@ &

A punch In the face wakening up from the naiveness

» |s every open-access project@ just a long-term
investment for the market dominance?

» |Is every public talk® an advertisement for a

book, a promotion for a product, or a
propaganda for a vote?

* "If you're not paying for the product, then you are
the product." (Tristan Harrist®) (or is he just
selling his books?)

 (Am | scamming you right now? @ &)

e ...but let's get real and let's think about the
problem a bit more



Why did | start using those languages?

But first...

« MATLAB: because of SPM, SurfStat, EEGLAB, FieldTrip, and other popular
toolboxes

 Python: because of MNE-python, TensorFlow, and other popular packages
* R: because of linear mixed-effects models (Ime4)

e Bash: because of FSL, ANTs, FreeSurfer
* | didn't choose those language. | only chose packages.

* The developers of the popular packages/libraries chose their languages!

» So, how much meaningful is it for me to consider which language is good or bad? >

8
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Are we end-users or developers?

How much helpful to learn languages?

 Some experimental physicists (like CERN or
NASA) build their own tools [e.q., large hadron
colliders, space telescopes, ...].

 We mainly develop theories, designs, and
analyses, but also sometimes "design" new
devices/environments [e.g., MR-piano, ArtLab].

* [my take]: Normally we use software as a tool,
but sometimes it helps if we know how to tweak
a little (it is also a bit risky though).

https://www.europosters.de/poster/rick-morty-portal-v35685



https://www.europosters.de/poster/rick-morty-portal-v35685
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Open questions

* |s proprietary software evil?

 Can the transparency be implemented only by open-access software?

 What is the best language?

10
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Open questions

* |s proprietary software evil?

 Can the transparency be implemented only by open-access software”?

 What is the best language”?
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Is capitalism inherently evil?

Why some people feel software should be ethically free?

-~ —§ y > 3 R re )Ty pe : MO 0 N il
‘N >, - . . PPEY ~ W R s PR L U e
4 y v a4 M - ’ R A N At e
. LA M N L N TN NN
3 , ) ) ! 3 N e d -vl O NPT, e AN ;M -+ el g
. — . 2 Ta DA DA " Sal % A «Ur %) e 2
a VeI S N s iy L T o o~ oy
.

XL CTALS _—

Bill Gates with red eyes, r/linuxmemes

St. IGNUcius, the Church of EMACS (2012)
Free Software Foundation (1985-)

Aesop's fable (~600 BCE), wiki
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How do they make open access software?

Are they just heavenly creatures living off their own niceness?

* Linus Torvalds (the creator of Linux) gets 1.7M USD in compensation
as a Fellow of Linux Foundation

 Guido van Rossum (the creator of Python) worked at own startups,
and Google[05-12], Dropbox[13-19], Microsoft[20-], 1-5M USD/yr?

 Ross lhaka & Robert Gentleman (the co-creators of R) worked as
statistic professors at University of Auckland, NZ

* Travis Oliphant (the creator of NumPy, SciPy and a co-founder of
NumFOCUS, Anaconda|CEQO:12-17]) gets compensation from as a staff
at NumFOCUS.

 Bjarne Stroustrup (the creator of C++) worked as a programmer at Bell
Labs, as a professor at Texas A&M University, and Columbia University.

13
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When you see a nice open-access project...

How long will it be maintained and last open-access?

* A non-profit foundation?
e A for-profit start-up?
* A fixed-term research funding?

* A tenured professor's hobby?

14
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Is software public goods or common goods?

* Excludability: a possibility to exclude access of non-owners

* Rivalry: one's usage does not affect the availability for others

e Goods:

Common goods

Rivalrous Private goods (e.g., open data?)

Club goods Public goods

Non-rivalrous .
(e.g., proprietary s/w) | (e.g., open source s/w)

15
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Common goods

In capitalistic economics, it's called "externality"

 Hardin G, 1968, The Tragedy of

the Commons, Science. /~ The Tragedy of the Commons \

* Depletion of public resources is
inevitable (private or public
ownership is needed)

¢ D i etz et al =y 2 O O 3 y Th e St ru g g I e to ‘Use of the commons is ' Ic;n or more users incre;e ‘Unless environmental

. below the carrying the use of the commons costs are accounted for
G Ove ' t h e C O MMm O N S SCIen Ce capacity of the land. All beyond its carrying capacity, and addressed in land use
) . users benefit. the commons becomes practices, eventually the
o degraded. The cost of the land will be unable to
\ degradation is incurred by support the activity. /
. all users. \ /
* Can be avoided by communal k :
eﬁo rtsS an d ot h er | NSt |'|: ut | ons https://www.sustainable-environment.org.uk/Earth/Commons.php

(i.e., making them club goods)

16


https://www.sustainable-environment.org.uk/Earth/Commons.php

-~

a—

-

-
/ P N\
MAX PLANCK INSTITUTE (\‘f;]

FOREMP RICA_ A

STHETICE

-~

e

-

Your thoughts? & ..
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Open questions

* |s proprietary software evil? (should/can we be non-evil in the long run?)

* Can the transparency be implemented only by using open-access languages”?

18
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MATLAB for Open Science?

At least they also know it "sells" for now

Deep Learning Community
models Toolboxes

— Data Service Other P
— Providers languages é
: Standalone .
Web Services apps E
79N Internet of i
4 . . thinos Embedded Code

0.0, Arduino
‘ Raspberry Pi

D Android/iPhone

MATLAB in @]
Docker

4

Web Apps

19
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CodeOcean: Open Science Library

It's free for now... but why not institute-level license?

€« = € = codencean.comfcapsale/6141283)ren R« % o o m ® 3| = 4 &

m mustemp [ Seung-Goo Kirri ) -

Caopsdle Tile l=c

- “ [ (4 Arur B expl_elbowpdf % -rvironment ¥ k= Metadata ; -
o e e (®) Run with parameters 2
= core Nlez O ot
V USOge 5> En meludala ne or lounch a cloud workstalian §-
MATLAB (2022b-ubuntu20.04) Change 5
& ) I3 envronmant wins © “hang — @ 7
) % [ code P Inchades o nost ol prosincly led lolbosos Eozkages » @ s ‘_l: @ * g
Compute time al| ., o “xiom
?. > ymotlab 2178 'h
. U
- > DOyr FRTHEN .
Extra time 2 O | ICENEF 1aekn © Tireline
2 P run e © Additional Packages © B
Storage . - : : : '
M cdata =8 Masoge VTG SuUsT . 1 v (0 \ g7 ROCK 2 R = - ac
© ™y dan N { 11T A ustomizs the seleciad srvironment vit- any oths: pockagas vou need. You can also use these packags
> [ precomputed 11705 kD manzgers o install other package maonagers, such as for differsnt anguagss. Fackags: will oe inste 2d on ® oL have 3 uncormi led chunges
> Ty stim-ex] B R the next capsule run. La: = Dascrice what charged:
B mema_simelae mal IF FAKR Package Maragers Packages
2/ B zxplmat 3ME5 kS
0.00/ 20GB L aplt-get 3 v~ curl?e3.0-ountallzl X QCC Az 0-Wburke 2 X gitez2ti-labarsaill X
B -xpZmat 345 STER v
C/ﬁ Hrs &) “xpEmal AR 4 KR LANYXY? 2 219 S22 X MaQuMOLIGEk A 20231y 2 Vionring X Commit Changes
@ =xpamat Gt libcG-dev 2.31-Jubunn 4 X |bnss3d 22480 lubunale X ® TELNE-3oo KIM ren & 00220 3
-xph TANATER et 2024 1638
0/10 Hrs B -xphina e libg neti el 1ozt - uburow 2 X localea:zi-ouourtuala X _ —— - .
P ugeNst E4kE ~ ) Run 778BR74 125 MR
@ atgnoes 1n & FythonS- pip2ocz-Sibunn 10 X pythenZ-selaplools st 20 wwme - X [ exp)_slocw.pof »a4.13/ KB
Resy ts 0 2z Rur 7783574/ w.. F rxpl_clbra s TEKR
> &) results 215 MY [A) txp2_slocw odi 224 0F KB
: L ines ~qress: del: - N
Compute time (ther Filas e ,r.g" S =+ Exp2_slocw s TEKB
10 hrs/month K~ %I w hge
available Ectinated P [X] Fxpad el now ol €313 KR
<timated CoaTlicients:
[stirate SC w5t pvalue = Exp3_s/oow s TIKB
= FxpA_slbow_zpennh Wis TRER
{Intercept! 4.2440 0.2 8.244  Z2.4800e-35 [2) Fxpad ot pelt 71213 KR
IsMus Nirus ~2.37733 H.2808% ~1.3435 €.15184 ‘ ) o
Extra compute Age -4 -ALASZE RLZIEME 832651 €. 72965 [£) £xpa_cdomainzdf B3.93 kB
S5 -A. N T -A. e R — . -
meavalaple 0 Prs/month e S LEn an o
time available Age Preter not to respond 1561 LI 15481 8.12:3 [ txpS . cdomainzdl 262 ¥B
+ txpS_xdomainxs 8.5 kB
Muber of observat_ons: 118, Error degrees of freodon: 112 H FxpAMas=ws=NeaMus=snse 5 kR
oot Me=an Squared Froar: 11
R-squared: €.C332, M;usted R-5Squared: 9.811 [®) expSMus-vs-NcANus-Rid., 4224FE
F-statzstic vs. constant model: 1.2, p-value = 8,286 — o R L
Total storage 20480 MB perator =" s nat supported for operands of typs table’. i FapiMuc-wm-NanMus-t2.ds 7kR
- CxpShsic _elbowpdf SIARKR
available Error in TableSet/plotelbowgasid {line 10 B EspSikislo_elkicwp
iR IsFLp) = 8 - GisiRaw] s, I6FLip); + ExpOMuUsic _elbowxs T5kB
Error n ana3_ndlf:7_precomputed [ linz 344) [#) Fxprfsgaeech el o e 41703 KR
MtThl = platelbowpisi3Fxp173) T txpSspeach_slcow.sla 5B
@ mutpur 24 47 kR

20



- -

Vd
\

\\
MAX PLANCK INSTITUTE (\ & )
FOR EMPRICAL ACSTHETICS  N\_ J,/'

W) | @

& = @ %5 codeoceancom/explora?page=1&filter=all

C

y

(+)

29 Engineering 15| Jan | 2019

MATLAB Code-~-Fault diagnosis of
power transformers with membershi..
A reference fault set is provided, and the fault
fognoss is implemented by colouloting the
nembesshap ol the DGA dola lo the reference

oull sel

Enwenll ‘

(4 Open Copsule

& PPtk ®siep
dremoval -
|L.-0,l.2. ) Yes

' o e
Urerd detecton P Coataining
with the SISD rene?
- S
No
A 4
POy Sard wif s . P vmp sl s vl vl

g-

M"ﬂ i, W 4
29 Engineering 2| Oct | 2023
“Trend Detection and Adaptive
Removal in Pressura Signal for Pipelin...

The presence of a trend componeant in thea

-0- pressure signal has a detrimental effect on

.

O

— Lel Zhang ‘
'::) (2 Open Copsule

Assccioted artic'e published in (ZEE Sensors Journa

Mathematics Physics

il Open Science Library « -

Engineering

-
a""

&

Engineering 14]10ct| 2019

On the Need for Communication for
Voltage Regulation ¢l Power...

Benchmark for Volt/ VAR control of power

chstnibuation networks. The bencherork

Saverio Bolagnan|, Ruggero Cardi, Guido ‘

% Open Capsule

Assaciated article paublished in IFFE Transactions on

Conltral of Netwaork Systerms

&

¢ Biology 17 | Sep | 2024

“Variant-to-function dissection of rare
non-coding GWAS loci with high...

Input files and code 1o repraoduce all the
results figure panels of main figure €

Manuel Tardoguila -

2 Open Capsule

Bicinformatics

Medical Sciences

&

N

& Bioinfermatics
“MetaModality: Enhancing Cancer
Detection through Integrated...

This project places a special empnhesis on

early concer delection and understandeg

2| Aug | 2024

Pariso Shahnaron P

(4 Open Copsule

(® Earth Sciences May | 2020

#shareEGUZ0 - impact of flood extent
on populmlon exposure

This notebook displays now autput fram
various flood models can lead te varying
estimates of cedple affectad by a flood.

Jannis Hoch, Dirk Eilonder & Hiroaki lkeu..

(2 Open Copsule
Assccioted artic'e published in Natural Hazords
and corth System Sciences

Sccial S5ciences

CO Explere Capsules | Code Ocr X

Earth Sciences Computer Science

&

A A

== Mathematics 13 | Feb | 2020

‘Model reduction for complex
hyperbolic netwerks” Companion..

Numer.col expanments for C. Hmpe and M

Chiberger. Model reductian lar complox

Chrishan Himpe ‘

(7 Open Capsule
Assaciated article published in 20048 Furopean

- ”~ ’ .
Conltral Conlerence (FCC)

&3

L Computer Science @ Jun| 2020
I tracking control for linear
discrete-time systems: model-free Q..
H oc tracking control tor linear discreta-tima
gystems using aooptive oynomic

progromming l',;[;P'b
Yunjie Yang ‘
(2 open Capsule

Associated article pubtlished in IESE Control Systems
Lotters

21

Biology )

&

301 Aug 12023

2Y Engineering
“Multi-layer double deep Q network for
active distribution network equivalen...

Mult-layer double deep Q natwork for octive
distribution netwaork equivalent modeling with

werndd identifcatian lTar BV load:
Jiehui Zheng & Wenhao Warg ‘

(4 Open Ccopsuls

B| Oct|2022

2% Engineering
‘Algorithm 1: OS~-IM code based on
Matlab for radar range-spread targe...

bosed on order stgtstics Code based on
Matiai for “Algerithm 1: O5-IM

shaogiong Chang ‘

(2 Open Copsule

26 | Oct | 2023

(£ Medical Sciences

‘Registering the Hurt” Project Pilot
Analysis of COVID-19 Study...

The reproducibility crisis has spurred

nitiotives lor enhanced ranspoarency in

luciana A C. Machadao ’

(7 Open Capsue

-
‘4

&~ Engineering
(Global Routing Scheme Code) Link
Stability based Cptimized Routing.

An example matlab code and the actual

matiab code of the global routing scheme of

12| Gct | 2022

Kolupahana liyonage Kushan Sudhesra.. ‘

(2 Open Capsue
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Nexi Webinar: Leveraging Local LLM Agents and tocls for Biomedical Data Analysis

Next Webinar: Leveraging Local LLM Agents and tools for Biomedicel Data Analysis Read more —

co open science |ib|‘arv Product Solutions Resources OSL About

CQO open science library Product  Solufions  Resources  OSL

OSL FOR PUBLISHERS _ | Open Science Library

Open Science Library for Authors

l Bashenfan of Climats Thange, WMarisity,

Research integrity for peer- e
reviewed code submission

Signup to the OSL, explore documentation, log in, and get
support. If you are an author publishing through a specific

s eSS0 CTear ond The Alen edtiee Join Forces 1o,
. o - W SOAL 00 D7 COGE NG SITIONT B

publication, please sign up through them.

SIGN UP OR LOGIN €)

The Open Science Library (OSL) is the industry standard
for computational scientific reproducibility and research

integrity in peer-reviewed journals.

. Bt ewa by o de P Quibt g
EXPLORE THE OSL AUTHORS CLICK HERE €) - ———e—— P p—————

N /‘:\\‘
= » Access the OSL (N} Explore the OSL
Leg 'n to the Open Science Library as a user. (If you are accessing through an Browse and axplore submited capsues from a whole werld of computational
PEER.REVIEWED SUBMISSIONS MADE BY THOUSANDS OF AUTHORS: nslilution, glease follow their instructions first.) science.
LOGIN NOW & EXPLORE &%
AT
nature $IEEE .. ®mum AAGR SPIE
_ aS N EISEVIER UNIVERSITY )
[1] Review documentation & Support
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Your thoughts? & ..
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Open questions

* |s proprietary software evil? (should/can we be non-evil in the long run?)
 Can the transparency be implemented only by open-access software?

 What is the best language?
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Based on wikipedia [2024-10-01]

1956

1958

1960

1962

1964

1966

1968

1970

Lisp

https://qgithub.com/stereobooster/programming-languages-genealoqgical-tree?tab=readme-ov-file
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Fortran |

s

COBOL

PL/I

Pascal

.

Algol 60

N

Smalltalk

Prolog

Y ANy

1972

-
|

1976 ML Fortran 77

\

Scheme

—

1978

C (K&R)

1980 S CKERI

l /
l

1984 SML Common Lisp

B A5

Perl

} \
1986 Caml Y
}

1988

—ptrerreerr¥r13r4eryreeyrerereerererrp Y

.
——— K S

|

1990 Fortran 90

1992

Perl 5

NS

Ruby

1994 Java —— JavaScript

a ) ’ o 4 ‘0 ) 4 a_b
GO s Raby “-e o e Gk (8 Janderpt

OCaml

1996

KX RO

1998 Haskell 98 Scheme R5RS C++ (IS

! N\
2000 C#

©ICMASegnt TN )

o 153 (O

baio) CRsA0 PN Rooe2d

2002

2004

2006

2008

2010

2012

2014

2016

2018

Haskell 2010

\\

Rust

Python 2.0

C# 2.0

~

C#

Swift

Kotlin

5.0

JavaScript ES2017

Java 8
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https://github.com/stereobooster/programming-languages-genealogical-tree?tab=readme-ov-file
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What is the best computing language?

Computing languages as meta-tools to build your own tools

* As an end-user of a language, we want tools with high...
» usability [HCI]: easy to learn/read/write/debug/maintain
» accessibility [OS]: can be used without paid licenses
» sustainability [OS, Econ]: 50+ years
* performance [CS]: can handle large data

e ...INn agood balance.
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Language | Latest release GPL/DSL Usability Accessibility | Sustainability | Performance

Python 2024-10-01 GPL ? (600%/yr/user?) ? mid
"""" GNU-c-LISP | 2023-01-13 | GPL | 2 | o | 2 | a2
¢ | 20240221 | GePL | > 0o | 2 | high
"""""""""""" C++ | 20230319 | G | 2 | 0o | 2 | high
"""""""" C#(Win) | 20231114 | GPL | 2?2 . 0o | 2 | high
""""" Swift (Mac) | 20240301 | &L | 2 | 0o | 2 | hgh
~ Julia | 20241001 | GPL | > 0 | 2 mid
~ Java | 2024-09-17 |  GPL | ? | 180$/yruser | 2?2 | high
"""""""""""""""" R | 20240614 | DSL | 2 | o | 2 | a2
"""" GNU Octave | 2024-0607 | DSL | 2 | o | 2 |  md
""""""""" Fortran | 20231117 | bps. | 2 . o | 2 | high
""" Mathematica | 2024-07-01 |  DSL | 2 | 839$Aruser | 2 | 2
.~ Stata | 2023-0425 | psL | > 925$/yr/user | 0?2 | >
"""" WolframOne | 2024-07-31 |  DSL | 2 | 1710$Aruser | 2 | 2
.~ MATLAB | 20240912 |  DSL | ? 263-3k$/yr/user| 2 | mid
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Blackwell et al., 2001, https://doi.org/10.1007/3-540-44617-6 31 MAX PLANCK INSTITUTE f s

HCI research
ChatGPT4o0 says...

 The Cognitive Dimensions of Notations (CDN) is a widely-used framework for evaluating
the usability of notational systems, including DSLs (domain-specific languages). It provides a
structured way to analyze how the design of a DSL affects the cognitive load on users. Some
key dimensions include:

* Closeness of Mapping: How well the language matches the mental model of the domain.
* Consistency. How predictable and uniform the language is.

* Abstraction Gradient: The complexity and flexibility in expressing concepts.

* Error-proneness: How likely users are to make mistakes.

* Viscosity: Resistance to change or how hard it is to make modifications.
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Closeness of Mapping:
Let's Invert a matrix!
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<Generated by ChatGPT40>

DEMO EXAMPLES

<Python>

import numpy as np
np.random.rand(10, 5)

A =
A_pinv

<APL>

A", (a;;) € R, n>m

np.linalg.pinv(A)

Ae-105p ? 100

+EA

<Fortran>

program pseudoinverse
implicit none
parameter ::

integer,
real(8),
real(8),
real(8),
real(8),
real(8),
real(8),

d

d
d
d
d
d

integer ::

real(8), external e

imension(m, n) 2
imension(n,n) ::
imension(m) ::
imension(m,m) ::
imension(n,n) ::
;2 S_1nv

1mensxon(n)
info, i1, j

call random_seed()

AA 2 4

= 10, n =5

A

A_pinv
singular_values
U

VT

random_number

A <- matrix(runif(50), 10, 5) A =

A pinv <- MASS::ginv(A)

<Per1+PDL>

use PDL;

SA = random 10,5;
SA pinv = pinv(SA);

<LaTex+SageMath>
\documentclass{article}
\usepackage{sagetex}
\begin{document}
\begin{sagesilent}

A = random_matrix(RDF, 10, 5)
A _pinv = A.pseudoinverse()
\end{sagesilent}

\[ \sage{A} \sage{A_[pinv} \]
\end{document}

<octave; MATLAB; Julia>
rand(10, 5)
A_pinv = pinv(A)

<Cpp>
#include <ilostream>
#include <armadillo>
using namespace arma;
int main() {
mat A = randu<mat>(10, 5);
mat A _pinv = pinv(A);
<HTML+MathJS>
<!DOCTYPE html>
<script src="https://cdnjs.cloudflare.com/
ajax/libs/mathjs/10.6.4/math.min. js"></
script>
<body>
<script>
let A = math.random([10, 5]);
let A _pinv = math.pinv(A);
document.getElementById('output').innerHTML =
"Original Matrix (10x5):\n" + math.format(A,

{precision: 3}) + "\n\nPseudoinverse:\n" +

math.format(A_pinv, {precision: 3});
</[script>

</body>



My conclusions
» Still Python & R seem to be good options.

* Non-CS scientists love math-oriented languages like R, MATLAB, Julia (we still
misunderstand that we are handling natural numbers)

» Julia looks very interesting (e.g., UTF-8 for all names: @ (a,b) = a”b; L0|=pi;
&)(Zr01,3); built-in functions for math operations like MATLAB)

 MATLAB is so expensive... but so as many other tools we use (like Macs and
Adobe suites).

o Usabillity is difficult to measure; and the field-leading developers decide which
language we use.

* [ransparency may be still achieved using specialized platforms like
CodeOcean (it's not a trivial task that many individual researchers can handle)
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