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R, Python, Julia: do you know them all?
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Compiled vs Interpreted

print("hello world") $> print("hello world")
hello world

Interpreter
(REPL)

REPL: Read-Evaluate-Print Loop

@ python’ R>

hello.exe
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“R Is a free software
environment for
statistical computing
and graphics.”

» Started as free implementation of S

(est. 1976, Bell Labs) at Univ. of
Auckland in 1992.

* V1.0: 29-02-2000, V4.0: 2020.
* GNU GPL (part of GNU)

R: A Language for Data
Anmalysis and Graphics

Ross IHaKA and Robert GENTLEMAN

In
computing language. In developing this new language. we sought 1o combine whet we
puages We feel that the new lan
il efficiency. memory

rticke we discuss var expenence designing and implementing a statistical

felt were

Key Wards: Computer language: Statisiical comput

1. INTRODUCTION

This article discusses some issues involved in the design and implementation of a
for statistical data anulysis. Our expenence with these issues occurred
xisting

computer languag
while developing such a language. The work has been heavily influenced by 1wo
languages—Becker, Chambers, and Wilks™ § (1985) and Stevl Sussman’s
(1975), We felt that there were strong points in each of these languages and that it would
be mtere:

Scheme

s (0 see if the strengths could be combined. The resulti

¢ language 1s very

similar in appearance o S, but the unde
from Scheme. In fact, we implenwented the language by first writing an interpreter for a

Scheme subset and then progressively mutating il to resemble 5.

ng implementation and semantics are derived

We added S-like features w several stages. First, we altered the language parser so

that the syntax would resemble that of S, This created a major change in the appearance

of the langusge. but it should be emphasized that the change was entirely superficial;
the underly ned those of Scheme. Next. we maodified the data 1ypes
of the language by removing the single data type we had pul into our Scheme
and replacing it with the vector-hased types of 8. This was a much more substantive
w10 the interpreter. The fimal substantive change
wmenis for funetions,

2 semantics re

change and reyuired major modili

involved adding the S notion of fazy ur,

At this paint we had enough of a framework in place to begin building a full statistical

language. This process is ongoing, but we feel that we are well on the way 1o building a

complete and useful piece of software, The development of the key porti of language
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Python

“Python Is an Iinterpreted, s — 0,
object-oriented, high-level Python Languag
Reference Manual

programming language
with dynamic semantics.” =7

« Started at CWI (Amsterdam) in

1989
» V1.0 194, V2.0 1998, V3.0 2008 and Dake, L
Fred L. Drake, Jr. (Editor) ython Language
e PSF Licence (GPL Compatible) mnusnsmmmwm zeafﬁlgzllvce
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Julia

“Julia combines expertise from
the diverse fields of computer
science and computational
science to create a new approach
to numerical computing.”

* Developed at MIT since 2009

e V1.0 2018
 MIT licence

=
=
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Julia: A Fresh Approach to
Numerical Computing*

Bezanson et al. (2017)
Siam Review 59 65-98
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Example: iris data

Sepal .Length Sepal.Width Petal.Length Petal.Width Species

5.1
4.9
4.7
4.6
5.0
5.4

3.5
3.0
3.2
3.1
3.6
3.9

1.4
1.4
1.3
1.5
1.4
1.7

0.2 setosa
0.2 setosa
0.2 setosa
0.2 setosa
0.2 setosa
0.4 setosa

Showing 6 / 150 records



Example: grouped aggregation

> iris <- read.csv("iris.csv")

> aggregate(iris["Sepal_Length"], by=iris["Species"], mean)
Species Sepal_Length

1 setosa 5.006

2 versicolor 5.936

3 virginica 6.588

>>> import pandas as pd
>>> iris = pd.read_csv("iris.csv")

>>> iris.groupby("Species") [["Sepal_Length"]].agg("mean")

julia> using CSV, DataFrames, GLM
julia> iris = DataFrame(CSV.File("iris.csv"));
julia> by(iris, :Species, :Sepal_Width => mean)

‘%&
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Rough comparison

dynamic
« <
R | [ python
[ ] ...
julia
weak <: :> strong
Typing
discipline
v
static

PE_I Object < programming paradigm > Functional
[5 Oriented .
= : python R julia :



For data analyses

Feature R # python juli?a
Missing value native library library
support

Data frame native library library
Interactive native library library
graphics

Statistics native library library
Machine library library library
Learning

10
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Packages

& python pyp; 224K
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Installing and loading a package

> install.packages("mypkg")
> library(mypkg)

$> pip install mypkg
$> python3

>>> import mypkg

julia> using Pkg
julia> Pkg.add("Mypkg")
julia> using Mypkg

13



mypkg

~==== DESCRIPTION
~==== NAMESPACE

d

man

‘\\

R package

é )
mypkg_1.0.0.tar.gz
\. J
é )
somepkg 1.5.1.tar.gz
J
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Developer’s environment

0]

.
> mypg_1.0.0.tar.gz |[oubli h>

otherpkg 0.1.4.tar.gz

CRAN

14



mypkg
e init
setup.py
s L TCENCE

=== README.md

PyPI package (pip)

‘\\

--pby

d

tests

>

.

mypkg_1.0.0.tar.gz

~\

J

f’

somepkg 1.5.1.tar.gz

~\
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mypkg_1.0.0-[..].whl . L
mypg_1.0.0.tar.gz lQub1111>

Developer’s environment

|
|
|
|
|
|
|
|
|
|
|
|
|
S

otherpkg 0.1.4.tar.gz

PyPi

15



Mypkg

/

Src

‘\\

Project.toml

> register

Julia Package

Mypkg_1.0.0

Somepkg 1.5.1

EUROPEAN
MASTER IN
@ OFFICIAL
. STATISTICS

Otherpkg 0.1.4

Developer’s environment : Registry
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Package publishing systems

) python

julia

CRAN

PyPi

Developer’s
Git repo.

Registry Hosting Checking

yes

yes

yes

yes yes
yes no*
no no*

* Except some very basic checks on metadata

17



CRAN checks

* On 1st publication * On updates

Automated checks on:
Human checks on - Package integrity
relevance, intellectual - R code validity |

. . - Documentation/code consistency

property, description + - Examples
all automated checks. - Unit tests (if any)
AISO' Nno anonymOUS - Platform independence

— Cross-package integrity(!): dependencies

paCkageS allowed. and reverse dependencies

18
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Working with data: RStudio

Data science workbench

e e S Integrated R console, plots, help,
e file browser, environment

browser, git support,job

scheduling, connection

browser, ...

3 plot(Sepal_Width ~ Sepal_Length, data=iris

; =§"'§f';;;’s§5§§5'f5" * Native support for R, SQL, JS,

HTML, markdown, yaml, tex

eeeeeeeeeeee

Python console

20




Working with data: Jupyter lab

©)> e @ © | © localhost

File Edit View Run Kernel Tabs

= + k4 c
-,/
o Name -

8 RPythondulia_files
[ 2020RPyJulia. Rproj
H iris.csv
». D RPyJulia.odp

D RPythonJulia. Rmd

(i)

M rstudio.png

ai Untitled.ipynb

Help

B mark@ur: ~/projects/2020RF X Untitled.ipynb X ™ Console 1

B B » m i@ Codei &

import pandas as pd
import matplotlib.pyplot as plt

iris = pd.read_csv("iris.csv")
iris.plot.scatter("Sepal Length","Sepal Width")

<matplotlib.axes._ subplots.AxesSubplot at ©x7f87cbaff978>

Sepal_Width

45 50 55 60 65 70 75 80
Sepal_Length

noe =

Python 3

o

Data science notebook

Supports Julia, Python,
R, markdown

Runs In browser

Exports to many
different report formats

21




3%

Data analyses: linear models

> iris <- read.csv("iris.csv")
> model <- 1m(Sepal Length ~ Sepal Width, data=iris)

>>> import pandas as pd

>>> from sklearn.linear_model import LinearRegression
>>> iris = pd.read_csv("iris.csv")

>>> model = LinearRegression().fit(

iris.Sepal_Length.values.reshape(-1,1)

, iris.Sepal_Width.values.reshape(-1,1))

julia> using DataFrames, CSV, GLM
julia> iris = DataFrame(CSV.File("iris.csv")))
julia> model = 1lm(@formula(Sepal_Length ~ Sepal_Width), iris)

22



Models (native)

(G)LM

Regularized
regression

CART

Random Forest,
(X)GB

Deep Learning
SVM

Clustering

R

yes

yes

yes
yes

no

yes

yes

Python Julia
yes yes
yes yes
yes yes
yes yes
yes sortof
yes yes
yes yes

23



Task-based packages

Complex sampling and
weighting

Disclosure control
Small Area estimation

Imputation

Time series/ seasonal
adjustment / arima

R Python
several few
several no
several no

many (> 100) few

many (>100) few

julia

no

no

no

few

few

24



Commonalities

* Data frames  Grammar of Graphics

- R: native - R: ggplot2

- Python: pandas - Python: plotnine

- Julia: DataFrames - Julia: Gadfly
 Formula-data interface » Data manipulation

— Python: pandas + patsy + - R: native + dplyr, data.table

statsmodels/sklearn - Python: Pandas

- Julia: DataFrames + GLM - Julia: DataFrames

25



EUROPEAN
MASTER IN

FICIAL
STATISTICS

EMOS

Formula notation for models

 S/R: Nat
. a Ive Symbolic Description of Factorial Models for

Analysis of Variance

By G. N. WILKINSON and C. E. ROGERS
Rothamsted Experimental Station

]
. SuMMARY
. ‘The paper describes the symbolic notation and syntax for specifying factorial

models for analysis of variance in the control language of the GENSTAT
statistical program system at Rothamsted. The notation generalizes that
of Nelder (1965). Algorithm AS 65 (Rogers, 1973) converts factorial model
formulae in this notation to a list of model terms represented as binary
integers.

A further extension of the syntax is discussed for specifying models
generally (including non-linear forms).

]
[ ) . 1. INTRODUCTION
. GENERAL computer programs for analysing experiments need a concise, flexible

notation for specifying the appropriate factorial models. The notation in this paper,
and various others due to Zyskind (1962), Hemmerle (1964), Nelder (1965), Fowlkes
(1969) and Claringbold (1969), were discussed at an international workshop meeting
on the computational aspects of analysis of variance at the University of Wisconsin in
1970 (Muller and Wilkinson, 1970).

The present notation for model formulae includes the addition, crossing and

™ nesting operators common to most of the notations mentioned, a dot operator for
. defining multi-factor model terms and deletion operators for eliminating unwanted
terms from otherwise simple formulae. Submodel functions may be substituted for

n factors in a formula, to specify regression sub-models for partitioning factorial effects.

The notation is implemented in the GENSTAT language (Nelder ef al., 1973) (which
also includes a special pseudo-factor operator not described here). The GENSTAT
system is currently in operation at R the Edi Regiof puting
Centre, Cambridge and Bristol Universities and other centres. Algorithm AS 65
(Rogers, 1973) converts symbolic factorial model formulae to a list of model terms
represented as binary integers.

Further extensions of the notation are readily envisaged, e.g. a diallel function of

parental genotype factors and a similarity-link operator for combining random terms
— + + + with a common variance, such as rows and columns in a lattice square design. A
— 0 1 1 2 2 1 2 1 2 general extension of notation to include lincar or non-lincar regression models is

described in Section 4.

2. OUTLINE OF THE NOTATION
2.1. Simple Factorial Models
Factorial models can be expressed symbolically as a sum of model terms, using the

Y ~ Xl + Xl + X1 *X2 e B e o sad By
GN Wilkinson and CE
Rogers (1973) Applied
Statistics 22 392-399
26
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Grammar of Graphics

llI'IIIuI\I'II|’|I'|l/|‘|h||l|’|

* R: ggplot2

* Python: plotnine

Leland Wilkinson

* \]UIIa Gadfly The Grammar
. of Graph.i.cs
° IVI al n I d e a: Second Edition

- Map data attributes to
aesthetic and geometric
properties of a graphic. e
EEI ép\zr\lirlll;:rrlfon (1999)

E 27



Some conclusions

There are technical differences but from user perspective, data analyses tools
roughly converge to a similar interface.

Integration between data analyses tools is best (by far) in R.
- Dependency management and shared data structures.

R has the most advanced functionality for official statistics (e.g. SAE, SDC,...)

R has the highest level of quality control on extension packages.

* Python is strongest in certain ML/DL techniques. From a user perspective
python feels heavily fragmented.

» Julia combines the best ideas of many years of technical computing.

28



The future?

R

B 5  URSALABS 2 i
J PyCall — .
@Puthm iulia
PyJulia Y
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Thank you for your attention!
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