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Compiled vs Interpreted

$> print(“hello world”)
     hello world           

Interpreter
(REPL)

print(“hello world”)
              

Compiler

hello.exe REPL: Read-Evaluate-Print Loop
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R
“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. Ihaka and 

Gentleman, R (1996). 
JCGS 5(3) 299-314
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Python
“Python is an interpreted, 
object-oriented, high-level 
programming language 
with dynamic semantics.’’

● Started at CWI (Amsterdam) in 
1989

● V1.0 194, V2.0 1998, V3.0 2008
● PSF Licence (GPL compatible)

G. Van Rossum 
and Drake, F.L. 
Python Language 
Reference 
Manual
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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
● V1.0 2018
● MIT licence

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
1          5.1         3.5          1.4         0.2  setosa
2          4.9         3.0          1.4         0.2  setosa
3          4.7         3.2          1.3         0.2  setosa
4          4.6         3.1          1.5         0.2  setosa
5          5.0         3.6          1.4         0.2  setosa
6          5.4         3.9          1.7         0.4  setosa

    

Showing 6 / 150 records
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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

FunctionalObject 
Oriented

programming paradigm

strongweak

dynamic

static

Typing 
discipline
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For data analyses
Feature

Missing value 
support

native library library

Data frame native library library

Interactive 
graphics

native library library

Statistics native library library

Machine 
Learning

library library library
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$[001]> Questions_
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Packages

Publishing #libraries

CRAN 15k

PyPi 224k

General 
Registry 3.3k
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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
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R package

mypkg

R

man

DESCRIPTION

NAMESPACE
mypg_1.0.0.tar.gzbuild

mypkg_1.0.0.tar.gz

somepkg_1.5.1.tar.gz

otherpkg_0.1.4.tar.gz

Developer’s environment CRAN 

publish
.
.
.
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PyPi package (pip)

mypkg

tests

__init__.py

setup.py mypkg_1.0.0-[..].whl
mypg_1.0.0.tar.gzbuild

mypkg_1.0.0.tar.gz

somepkg_1.5.1.tar.gz

otherpkg_0.1.4.tar.gz

Developer’s environment PyPi

publish
.
.
.

README.md

LICENCE
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Julia Package

Mypkg

src

Project.toml

Mypkg_1.0.0

Somepkg_1.5.1

Otherpkg_0.1.4

register
.
.
.

Developer’s environment Registry
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Registry Hosting Checking

CRAN yes yes yes

PyPi yes yes no*

Developer’s 
Git repo. yes no no*

Package publishing systems

* Except some very basic checks on metadata



  18

CRAN checks
● On 1st publication

Human checks on 
relevance, intellectual 
property, description + 
all automated checks. 
Also: no anonymous 
packages allowed.

● On updates

Automated checks on:
– Package integrity
– R code validity
– Documentation/code consistency
– Examples
– Unit tests (if any)
– Platform independence
– Cross-package integrity(!): dependencies 

and reverse dependencies
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$[002]> Questions_
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Working with data: RStudio
● Data science workbench
● Integrated R console, plots, help, 

file browser, environment 
browser, git support,job 
scheduling, connection 
browser, ...

● Native support for R, SQL, JS, 
HTML, markdown, yaml, tex

● Python console
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Working with data: Jupyter lab
● Data science notebook
● Supports Julia, Python, 

R, markdown
● Runs in browser
● Exports to many 

different report formats
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Data analyses: linear models

> iris <- read.csv(“iris.csv”)
> model <- lm(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 = lm(@formula(Sepal_Length ~ Sepal_Width), iris)
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Models (native)
R Python Julia

(G)LM yes yes yes

Regularized 
regression

yes yes yes

CART yes yes yes

Random Forest, 
(X)GB

yes yes yes

Deep Learning no yes sortof

SVM yes yes yes

Clustering yes yes yes
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Task-based packages
R Python julia

Complex sampling and 
weighting

several few no

Disclosure control several no no

Small Area estimation several no no

Imputation many (> 100) few few

Time series/ seasonal 
adjustment / arima

many (>100) few few
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Commonalities
● Data frames

– R: native
– Python: pandas
– Julia: DataFrames

● Grammar of Graphics
– R: ggplot2
– Python: plotnine
– Julia: Gadfly

● Data manipulation
– R: native + dplyr, data.table
– Python: Pandas
– Julia: DataFrames

● Formula-data interface
– Python: pandas + patsy + 

statsmodels/sklearn
– Julia: DataFrames + GLM
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Formula notation for models
● S/R: Native
● Python: patsy
● Julia: DataFrames
● Example:

GN Wilkinson and CE 
Rogers (1973) Applied 
Statistics 22 392-399

Y ~ X1 + X1 + X1*X2

Y=b0+b1 X 1+b2X 2+b12 X 1X 2
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Grammar of Graphics
● R: ggplot2
● Python: plotnine
● Julia Gadfly
● Main Idea:

– Map data attributes to 
aesthetic and geometric 
properties of a graphic.

L Wilkinson (1999) 
Springer.
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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. 
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The future?

re
ti
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Rp
y2

Ju
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PyCall

PyJulia
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$[003]> Questions_
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Thank you for your attention!
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