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Goal of this session:

“Advocate the use of scripting languages 

(interpreted languages) alongside Fortran and C++

and help you choose the most suitable for your needs”
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Agenda

1. Interpreters vs compilers

2. Octave, R, Python, Julia

3. Graphical User Interfaces & Literate programming

4. Additional Packages/Libraries/Modules

5. What to do when it is too slow

6. Using several of them at the same time
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Interpreters vs Compilers

● A compiler reads the whole (text) code and produces a separate 
“binary” file that can be executed by the CPU.

C/C++, Fortran, Java, Go, Rust, Haskel, ...
● An interpreter reads each line of code and executes it by calling 

the corresponding functionalities in its own code.

Bash, Python, PHP, Javascript, Ruby, ...
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Interpreters vs Compilers

The ugly truth...
– Many interpreters will pre-compile the code
– Some compilers compile not to CPU-specific machine 

instructions but to bytecode that is interpreted
– The bytecode interpreters sometimes re-compile the 

bytecode just before execution (JIT compiling)
– Interpreters exist for C and C++
– Compilers exist for Python
– The interpreter can be compiled or himself interpreted
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Interpreters vs Compilers (simplified)

Compilers
– can apply code-wise powerful optimization
– practically have no run-time overhead

→ Speed

Interpreters
– allow easy code introspection
– offer high-level language constructs and tools

→ Ease of use
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Interpreted languages

● Easier to learn
– Many implementation details hidden
– Can try and test code portions rapidly and easily

● Easier to exchange/reuse
– The scripts are cross-platform by nearly design
– Often built-in package management

● Faster development
– More convenient programming and shorter programs

● Offers many simplifications and shortcuts – no need to micromanage memory
● Built-in support for mundane tasks (handle files, dates, plots, NAs, NANs, ...) 
● Often rich standard library

– Easier to debug and profile
● GUI
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1.

Why those four?
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Why those four?

● All very much used in scientific applications

R (S/SPlus): strong for statistics

Octave (Matlab): strong for engineering

Python Scipy/Numpy (Canopy,Anaconda): strong for data science

 Julia: strong for computational sciences
● All free and free.
● All now performance-oriented
● Fun fact: Most started as wrappers for Fortran code!
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Why those four?

By contrast, 

Ruby, Perl: smaller bioinformatics-only community

Javascript, PHP, Bash, TCL, Lua: totally different goal

Matlab, IDL, Mathematica: not free
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2. 

QuadQuickstart
Start the interpreter to follow along:

ml spider Octave
ml spider SciPy-bundle
ml spider R
ml spider Julia
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Assignment

octave:1> a=1, b=2
a =  1
b =  2
octave:2> a
a =  1
octave:3> b
b =  2

>>> a, b = 1, 2
>>> a
1
>>> b
2

> a<-1; b<-2
> a
[1] 1
> b
[1] 2
> 1->a; b=2

julia> a, b = 1, 2
(1, 2)

julia> a
1

julia> b
2
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Operators

octave:11> c=[a-b, a*b, a/b, a^b]
c =
  -1.00000   2.00000   0.50000   1.00000
octave:12> c.*c
ans =
   1.00000   4.00000   0.25000   1.00000
octave:13> c*c'
ans =  6.2500

>>> import numpy as np
>>> c=np.array((a-b, a*b, a/b, a**b))
>>> c * c
array([1.  , 4.  , 0.25, 1.  ])
>>> c @ c
6.25

> c=c(a-b, a*b, a/b, a^b)
> c
[1] -1.0  2.0  0.5  1.0
> c*c
[1] 1.00 4.00 0.25 1.00
> c%*%c
     [,1]
[1,] 6.25

julia> using LinearAlgebra

julia> c=(a-b, a*b, a/b, a^b)
(-1, 2, 0.5, 1)

julia> c.*c
(1, 4, 0.25, 1)

julia> c c ⋅ # type \cdot<TAB> 
6.25
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Sequences

octave:15> b=1:9
b =

   1   2   3   4   5   6   7   8   9

>>> import numpy as np
>>> b = np.arange(1,10)
>>> b
array([1, 2, 3, 4, 5, 6, 7, 8, 9])

> b <- 1:9
> b
[1] 1 2 3 4 5 6 7 8 9

julia> b = 1:9
1:9

julia> collect(b)
9-element Vector{Int64}:
 1
 2
 3
 [...]
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Matrices

octave:16> a=reshape(1:9, 3, 3)
a =

   1   4   7
   2   5   8
   3   6   9

>>> a = np.arange(1,10).reshape(3,3)
>>> a
array([[1, 2, 3],
       [4, 5, 6],
       [7, 8, 9]])

> a=array(1:9, dim=c(3,3))
> a
     [,1] [,2] [,3]
[1,]    1    4    7
[2,]    2    5    8
[3,]    3    6    9

julia> a=reshape(1:9,3,3)
3×3 reshape(::UnitRange{Int64}, 3, 3) 
with eltype Int64:
 1  4  7
 2  5  8
 3  6  9
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Matrices

octave:3> zeros(3,2)
ans =

   0   0
   0   0
   0   0

octave:4> ones(2,3)

>>> np.zeros((3,2))
array([[0., 0.],
       [0., 0.],
       [0., 0.]])
>>> np.ones((3,2))
array([[1., 1.],
       [1., 1.],
       [1., 1.]])

> matrix(0,3,2)
     [,1] [,2]
[1,]    0    0
[2,]    0    0
[3,]    0    0
> matrix(1,2,3)
     [,1] [,2] [,3]
[1,]    1    1    1
[2,]    1    1    1

julia> zeros(3,2)
3×2 Matrix{Float64}:
 0.0  0.0
 0.0  0.0
 0.0  0.0

julia> ones(2,3)
2×3 Matrix{Float64}:
 1.0  1.0  1.0
 1.0  1.0  1.0
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Slicing

octave:18> a(2,3)
ans =  8
octave:19> a(1,:)
ans =

   1   4   7

octave:20> a(:,1)

>>> a[2,1]
8
>>> a[1,:]
array([4, 5, 6])
>>> a[0,:]
array([1, 2, 3])
>>>

> a[2,3]
[1] 8
> a[1,]
[1] 1 4 7
> a[,1]
[1] 1 2 3

julia> a[2,3]
8

julia> a[1,:]
3-element Vector{Int64}:
 1
 4
 7
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Slicing

octave:27> b(1:2:end)
ans =

   1   3   5   7   9

octave:28> b(2:2:end-1)
ans =

   2   4   6   8

>>> b[::2]
Array([1, 3, 5, 7, 9])
>>> b[1::2]
array([2, 4, 6, 8])

> b[seq(1,9,2)]
[1] 1 3 5 7 9
> b[seq(2,8,2)]
[1] 2 4 6 8

julia> collect(b[1:2:end])
5-element Vector{Int64}:
 1
 3
 5
 7
 9

julia> collect(b[2:2:end-1])
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Slicing

octave:36> b>5
ans =

  0  0  0  0  0  1  1  1  1

octave:37> find(b>5)
ans =

   6   7   8   9

>>> b>5
array([False, False, False, False, 
False,  True,  True,  True,  True])
>>> np.where(b>5)
(array([5, 6, 7, 8]),)

> b>5
[1] FALSE FALSE FALSE FALSE FALSE  
TRUE  TRUE  TRUE  TRUE
> which(b>5)
[1] 6 7 8 9

julia> b.>5
9-element BitVector:
 0
 0
 [...]
 1
 1

julia> findall(b.>5)
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Loops

octave:38> for i=1:5
> i*i
> end
ans =  1
ans =  4
ans =  9
ans =  16
ans =  25

>>> for i in range(1,6):
...   print(i*i)
...
1
4
9
16
25

> for(i in 1:5) {
+ print(i*i)
+ }
[1] 1
[1] 4
[1] 9
[1] 16
[1] 25

julia> for i=1:5
       println(i*i)
       end
1
4
9
16
25
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Conditionals

octave:40> if 2>1 ;
> disp("OK")
> end
OK

>>> if 2>1:
...   print("OK")
...
OK

> if (2>1) {
+ print('OK')
+ }
[1] "OK"

julia> if 2>1 ;
       println("OK")
       end
OK
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Strings

octave:18> n = str2double("10")
n =  10
octave:19> ischar(n)
ans = 0
octave:20> isfloat(n)
ans = 1
octave:21> printf('Number=%d\n', n)
Number=10

>>> n = float("10")
>>> type(n)
<class 'float'>
>>> print("Number=%d" % n)
Number=10
>>> print("Number={:.0f}".format(n))
Number=10
>>> print(f"Number={n:.0f}")
Number=10

> n <- as.numeric("10")
> cat(sprintf("Number=%d\n", n))
Number=10
> library(glue)
> glue("Number={n}")
Number=10

julia> n=parse(Int, "10")
10

julia> print("Number=$n")
Number=10
julia> using Printf

julia> @printf("Number=%.0f", n)
Number=10
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Special numbers

octave:22> nan
ans =  NaN
octave:23> inf
ans =  Inf

>>> np.nan
nan
>>> np.inf
Inf
>>> None
>>>

> NaN
[1] NaN
> Inf
[1] Inf
> NA
[1] NA
> NULL
NULL

julia> NaN
NaN

julia> Inf
Inf

julia> nothing
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More complete list

http://hyperpolyglot.org/numerical-analysis
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3.

Graphical User Interfaces
Editing, debugging, accessing the doc, made easy

Literate programming
Authoring dynamic documents with code in them
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Octave
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Rstudio (also for Python and Julia with some adaptations)
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Spyder
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Julia for Visual Studio Code (also for R & Python)

https://www.julia-vscode.org
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RMarkdown and KnitR
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Jupyter notebooks (also for Julia & R)
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Jupyterlab desktop
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Julia notebooks



  34

Shiny
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Mercury
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Interact.jl
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Quarto
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4.

Extensions
Packages – Libraries – Modules
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Octave Forge
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CRAN
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PyPI
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Julia package ecosystem
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5. General tips when it is slow

● Program thoughtfully:
– Use vectorized functions
– Avoid loops 
– Preallocate
– Force type
– Avoid copy-on-write

● Link to fast libraries (C/C++, Fortran, Java)
● Write low-level parts in C or Fortran
● Compile – jit
● Go parallel
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6. Bridges (use … in … )

Python  →  R              http://rpython.r-forge.r-project.org/

Octave  →  Python    https://pypi.python.org/pypi/oct2py

R           →  Python     http://rpy.sourceforge.net/

Octave  →  R               https://cran.r-project.org/web/packages/RcppOctave

Python  →  Octave    https://github.com/daniel-e/pyoctave

R           →  Octave      http://www.omegahat.org/ROctave/

R           →  Julia          https://github.com/Non-Contradiction/JuliaCall

Julia      →  R               https://github.com/JuliaInterop/RCall.jl

Python  → Julia          https://github.com/JuliaPy/pyjulia

Julia      → Python      https://github.com/JuliaPy/PyCall.jl
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So..

Fast to learn
Fast to code
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Challenge

/CECI/proj/training/scripting/exercice2

● Look at the files in 
/CECI/proj/training/scripting/exercice2
on any CÉCI cluster

●

●

●

●

●

●

● We will pretend they are the result of running 100 jobs that take 
an input parameter and produce output a result (.INI file)

● Copy that directory into your home dir
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Challenge

● Find for which value of 'parameter' is 'result' the lowest.
● Course of action:

– Read all files and parse them (you might need to install 
additional packages/libraries/modules)

– Build two arrays one of parameter values and the other one 
for result values

– Remove problematic values (plotting might help here)
– Find minimum



  48

Challenge

● Pseudo code:
– “Activate” extension for .ini files if necessary
– Initialize two arrays to hold the values
– For-loop 1-99 :

● Read file (using a ready-made extension)
● Store values in corresponding arrays 

– Remove from array values that show too large a difference 
between consecutive values (slicing)

– Find index of minimum value in one array and the 
corresponding value in the other array
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Possible solution

Libraries/packages/modules exist:

- https://nl.mathworks.com/matlabcentral/fileexchange/17177-ini2struct
- https://cran.r-project.org/web/packages/ini/index.html
- https://docs.python.org/3/library/configparser.html 
- https://juliapackages.com/p/inifile

INI file format
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Possible solution
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Challenge
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Summary

Octave, R, Python* and Julia*
Much programmer-friendly than C/C++/Fortran

Still able to use fast compiled code
Focus on the unsolved problems

Try all and choose one

* upcoming dedicated session!
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