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The Fortran (community) standard library

Dr. José R. Alves Z.
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Modern Fortran - stdlib

Why a stdlib for Fortran?

➢Capitalize on common knowledge / experience / know-how

➢ Lowering the entry ticket for High Performance scientific development
• For Python: NumPy, SciPy, Scikit-learn, Torch, etc
• For C++: std, Boost, Eigen, etc.
• For Fortran: !? 

➢Help the community avoid reinventing the wheel and focus on moving forward
• Build on top of
• Improve the existant
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Modern Fortran - stdlib

Agenda

➢Avant-propos : Speaker

➢Avant-propos : Fortran Ecosystem

➢Stdlib’s Goals and Motivation

➢Meta-programming (fypp)

➢Features – Quick review

➢Mini app demo

➢Some lessons learned

➢Contributing (Github)
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Avant-propos : Speaker
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Modern Fortran - stdlib

Speaker

José R. Alves Z.

Head of team and scientific developer at Transvalor S.A.
Multiphysics, deep learning, electromagnetism, 
damage-to-fracture modeling, parallel
computing, numerical algorithm optimization

2016 - Ph.D on Simulation of magnetic pulse forming
CEMEF, MINES ParisTech – PSL University, France

2012 - Computational mechanics specialization
Full field FE modeling of glass fiber reinforced PP
CEMEF, MINES ParisTech – PSL University, France

2011 - Mechanical engineer
Simon Bolivar University, Venezuela
Control Theory specialization at
Nagaoka University of Technology, Japan
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Modern Fortran - stdlib

Transvalor’s software solutions

Simulation software for
PU foams chemical 
foaming 

The reference in 
simulation for hot-warm-
cold metal working

Dedicated simulation 
software
for cold forming

Solution for the 
prediction of 
microstructural 
evolutions

Simulation software 
for welding processes

Simulation solution for 
metal heat treatment 
processes

Simulation software for 
metal casting processes

Non-linear material & 
structural analysis suite
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Avant-propos : Fortran & Ecosystem
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Modern Fortran - stdlib

Avant-propos / References

https://fortran-lang.org/learn/

https://doku.lrz.de/dyn/Doku_Kurse/Fortran/basics/Fortran_3days.pdfhttp://www.idris.fr/formations/fortran/

https://fortran-lang.org/learn/
https://doku.lrz.de/dyn/Doku_Kurse/Fortran/basics/Fortran_3days.pdf
http://www.idris.fr/formations/fortran/
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Modern Fortran - stdlib

Avant-propos / History

1954/57

1958

2023

202y2018

2010

2004

97

91

78

66

61

FORTRAN

FORTRAN II
FORTRAN III

FORTRAN IV

FORTRAN 66

FORTRAN 77

Fortran 90

Fortran 95

Fortran 2003

Fortran 2008

Fortran 2018

Fortran 2023

John Backus @ IBM 

Structured Programming
Implicit none

Free form / public/private
Derived Types
Allocatables / Pointers

Type-bound procedures / abstract / extends
polymorphism
iso_c_binding (C interoperability)
move_alloc

Generics

CoArray (native distributed parallelism)
do concurrent (native shared parallelism)
submodules
block construct
iso_fortran_env
contiguous

Collective subroutines
teams / events

Reduction in do concurrent

fortran-lang.org

Milan Curcic
Ondrej Certik

https://fortran-lang.org/community/history/

https://fortran-lang.org/community/history/
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Modern Fortran - stdlib

Avant-propos / History

« Research Software and its Developers: Random thoughts » by Balint Aradi
https://events.hifis.net/event/1741/contributions/12934/attachments/3354/7040/keynote_aradi.pdfWhile Fortran being the oldest high-

level programming language it was
missing a solid open community for 
a long time

The notion of easy to use « Fortran » 
libraries was missing for a long time 
and most Fortranners had to re-
invent the wheel

… the netlib-era-like development
just don’t hold anymore

https://events.hifis.net/event/1741/contributions/12934/attachments/3354/7040/keynote_aradi.pdf
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Modern Fortran - stdlib

Fortran-lang
https://fortran-lang.discourse.grouphttps://fortran-lang.org/

https://fortran-lang.discourse.group/
https://fortran-lang.org/
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Modern Fortran - stdlib

The Fortran Package Manager FPM

https://fpm.fortran-lang.org/

https://fpm.fortran-lang.org/
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Modern Fortran - stdlib

VS Code + Modern Fortran + fortls
https://code.visualstudio.com/
https://marketplace.visualstudio.com/items?itemName=fortran-lang.linter-gfortran

by Feb 2023 it had 270000 downloads 
Today (June 13, 2025) it has more than 500000 installs

https://code.visualstudio.com/
https://marketplace.visualstudio.com/items?itemName=fortran-lang.linter-gfortran
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Modern Fortran - stdlib

Online PlayGrounds

[V. Magin et al, Fortran… et puis quoi encore?]

C.E. enables easily
• Playing with code
• Understanding assembly code representation
• Comparing Compilers

Large selection of programming languages

Confortable 
multiple 
windows view
with Compiler 
and Execution
modes
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Modern Fortran - stdlib

Online PlayGrounds

[V. Magin et al, Fortran… et puis quoi encore?]

C.E. enables easily
• Playing with code
• Understanding assembly code representation
• Comparing Compilers

Open source libraries for 
different languages
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Stdlib’s Goals and Motivation
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Modern Fortran - stdlib

A library, A community

The Fortran Standard, as published by the ISO (https://wg5-fortran.org/), does not have a Standard Library. The 
goal of this project is to provide a community driven and agreed upon de facto "standard" library for Fortran, 
called a Fortran Standard Library (stdlib) (…)

Scope
The goal of the Fortran Standard Library is to achieve the following general scope:

• Utilities (containers, strings, files, OS/environment integration, unit testing & assertions, logging, ...)
• Algorithms (searching and sorting, merging, ...)
• Mathematics (linear algebra, sparse matrices, special functions, fast Fourier transform, random numbers, 

statistics, ordinary differential equations, numerical integration, optimization, ...)

https://github.com/fortran-lang/stdlib

https://github.com/fortran-lang/stdlib
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Modern Fortran - stdlib

A library, A community
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Meta-programming (FYPP)
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Modern Fortran - stdlib

Generic & Metaprogramming with FYPP
https://fypp.readthedocs.io/en/stable/fypp.html#
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Modern Fortran - stdlib

Generic & Metaprogramming with FYPP
How FYPP is used in stdlib to facilitate generic development?

1. It is possible to create generic module interfaces for 
procedures which are type-kind-rank (TKR) generic

2. Write down the implementation having parametrized the 
any or all TKR
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Modern Fortran - stdlib

Generic & Metaprogramming with FYPP
How FYPP is used in stdlib to facilitate generic development?

3. For CMake build, .fypp files can be added to a 
predefined collection of files to be preprocessed

4. during build, CMake will use fypp to create all .f90 files 
with all the versions in the build directory

3.bis. For fpm build, it does not natively support fypp BUT a python script 
facillity was added

4.bis. The fpm build includding fypp preprocessing can be
invoked as

python config/fypp_deployment.py
fpm build --profile release

Interesting: the « --lnumbering » option enables to annotate the .f90 
files such that compiler reporting points to the .fypp files instead. 
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Features – Quick Review
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Modern Fortran - stdlib

The Fortran standard library: stdlib
Documentation : https://stdlib.fortran-lang.org/
Source Code : https://github.com/fortran-lang/stdlib

https://stdlib.fortran-lang.org/
https://github.com/fortran-lang/stdlib
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Modern Fortran - stdlib

The Fortran standard library: stdlib
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Modern Fortran - stdlib

Stdlib ansi
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Modern Fortran - stdlib

Stdlib io

Mirror facilities to:

numpy.load
numpy.save

numpy.loadtxt
numpy.savetxt

Note: .npy is the numpy
native binary format for 
array exchange

Warning: 2D arrays should be transposed if passing data between Python and Fortran
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Modern Fortran - stdlib

Stdlib intrinsics

sum dot_product

Inspired by: https://epubs.siam.org/doi/epdf/10.1137/19M1257780

a fast and accurate implementation was proposed as 
alternative to the compiler intrinsics

A debate about accuracy of basic procedures … 

https://epubs.siam.org/doi/epdf/10.1137/19M1257780


29

©
Tr

a
n

sv
a

lo
r 

2
0

21
 -

  S
h

a
ll 

n
o

t 
b

e 
d

is
cl

o
se

d
 w

it
h

o
u

t 
p

ri
o

r 
w

ri
tt

en
 n

o
ti

ce

Modern Fortran - stdlib

Stdlib intrinsics
… thanks to such debate, stdlib now proposes these reference

implementations :

Efficiency – Accuracy - A reference community version



30

©
Tr

a
n

sv
a

lo
r 

2
0

21
 -

  S
h

a
ll 

n
o

t 
b

e 
d

is
cl

o
se

d
 w

it
h

o
u

t 
p

ri
o

r 
w

ri
tt

en
 n

o
ti

ce

Modern Fortran - stdlib

Stdlib linalg
BLAS/LAPACK Reference-LAPACK 3.10.1

• Stdlib used fypp metaprograming to extend for single, double, extended and quadruple precission
• Common interfaces for all precissions

Rename the original functions to respect LAPACK’s licence conditions
Use a kind-agnostic name for the generic interface

• C-Preprocessing macros for linking against optimized libraries

Macros will enable wrapping single precission (sp) and 
double precission (dp) procedures.

For extended (xdp) and quadruple (qp) precissions the 
stdlib versions will remain as the fallback option.
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Modern Fortran - stdlib

Stdlib linalg
High Level APIs

… and several more …
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Modern Fortran - stdlib

Stdlib linalg
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Modern Fortran - stdlib

Stdlib sorting
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Modern Fortran - stdlib

Stdlib sparse

COO: The COOrdinates compressed sparse format

CSR : The Compressed Sparse Row or Yale format

CSC : The Compressed Sparse Column format

ELLPACK : ELL-pack storage format

SELL-C : The Sliced ELLPACK with Constant blocks format
[Kreutzer M. et al, “A unified sparse matrix data format for modern 
processors with wide simd units”, 2013]

5 supported formats Data accessors
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Modern Fortran - stdlib

Stdlib sparse
from_ijv

A facility procedure to initialize a sparse matrice from row, column, values triplets
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Modern Fortran - stdlib

Stdlib sparse
conversions

dense

COOCSR CSC

ELLPACK

SELL-C

diag
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Modern Fortran - stdlib

Stdlib sparse
SpMV Kernel
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Modern Fortran - stdlib

Stdlib str2num
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Modern Fortran - stdlib

Stdlib str2num

• An elemental interface to convert whole arrays at once or
• A pointer function interface to convert « streams of characters » … 

Ideal for reading formatted ASCII files
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Modern Fortran - stdlib

Stdlib system
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Modern Fortran - stdlib

Stdlib system
Comming Up … GSoC 2025

PRs comming up
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Modern Fortran - stdlib

Stdlib system
Plotting with pipes thanks to stdlib process management … an idea for a Fortran plotting framework ?

Inspiration: https://cyber.dabamos.de/programming/modernfortran/gnuplot.html#process

https://cyber.dabamos.de/programming/modernfortran/gnuplot.html#process
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Mini app demo
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Modern Fortran - stdlib

Mini app

Challenges:
* Read an ASCII file containing the mesh data
* Use the high-level linalg API for the eigenvalues decomposition
* Get a sparse matrix representation of the bunny

1. Create project

fpm new mini_app

2. Modify the fpm.toml file to use stdlib as meta-package (or local relative path)

[dependencies]
stdlib = "*"

3. Bring custom data into the project

Custom mesh with
393502 nodes

2290819 tetrahedra

[dependencies]
stdlib = { path = "../stdlib" }

OR
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Modern Fortran - stdlib

Mini app

Two reading methods:

Using Fortran intrinsic read Using stdlib’s to_num_from_stream
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Modern Fortran - stdlib

Mini app

Two reading methods:

Using Fortran intrinsic read Using stdlib’s to_num_from_stream

File loading time [s]:  0.234375000000000File loading time [s]:  1.75000000000000

x7 faster
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Modern Fortran - stdlib

Mini app

Covariance and Ellipsoidal envelope
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Modern Fortran - stdlib

Mini app

…
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Lessons Learned
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Modern Fortran - stdlib

Build efficiency

https://ui.perfetto.dev/

After first adding BLAS/LAPACK into stdlib we realized that the build was very inneficient …

Parallel build example with CMake + Ninja + gfortran

In the first version, All 
procedures were organized in a 
« per-kind » file basis

Can a dependency graph help?

BLAS LAPACK

Some silos can be seen …
But not there yet

Note: Ninja tracer now
default in Cmake 4.0

https://ui.perfetto.dev/
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Modern Fortran - stdlib

Build efficiency
We iterated over the following re-structuring (together with Ivan Pribec and Federico Perini)
1. Follow LAPACK’s grouping
•LAPACK

• Linear solve

• Least squares

• Orthogonal/unitary factors (QR, CS)

• Non-symmetric eigenvalues

• Hermitian/symmetric eigenvalues

• Singular Value Decomposition

• BLAS-like procedures

• Auxiliary routines

•BLAS

• Scalar operators

• Level 1 BLAS: vector ops

• Level 2 BLAS: matrix-vector ops

• Level 3 BLAS: matrix-matrix ops

Iteration with several
LAPACK submodules
with a single LAPACK 
header module

Iteration by further splitting into
several LAPACK header modules

Build accelerated x6 with respect to the 
original version and even faster than the 
reference LAPACK

2.   Use modules for procedures interfaces and submodules for the actual implementations
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Contributing
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Modern Fortran - stdlib

Contributing to stdlib
A short wish list of contributions

• Linalg: Sparse Direct Solvers

• Linalg: Preconditioning (dense and sparse)

• Linalg: Graph-ordering algorithms: AMD, Cuthill-McKee, Reverse CM, Minimun Degree

• Linalg: Special Matrices (started by Jean-Christophe LOISEAU) https://github.com/fortran-lang/stdlib/pull/957

• Linalg: IO for Matrix Market https://github.com/fortran-lang/stdlib/issues/763

• Linalg: Link to external high-performance libraries for sparse matrices https://github.com/fortran-
lang/stdlib/issues/934 https://github.com/fortran-lang/stdlib/pull/844

• CI/CD: add tooling for improved code quality https://github.com/fortran-lang/stdlib/issues/937
https://github.com/fortran-lang/stdlib/issues/944

https://github.com/fortran-lang/stdlib/pull/957
https://github.com/fortran-lang/stdlib/issues/763
https://github.com/fortran-lang/stdlib/issues/934
https://github.com/fortran-lang/stdlib/issues/934
https://github.com/fortran-lang/stdlib/pull/844
https://github.com/fortran-lang/stdlib/issues/937
https://github.com/fortran-lang/stdlib/issues/944
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Modern Fortran - stdlib

Contributing to stdlib

git clone https://github.com/<user>/stdlib.git
cd stdlib

1. Fork

2. Clone a local copy from your fork

3. Start testing with either CMake or FPM 

cmake –B build
cmake –build build  

python config/fypp_deployment.py
fpm build --profile release
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Modern Fortran - stdlib

Contributing to stdlib
4. Reporting issues / Suggesting new features

Reminder: currently stdlib is being driven by several
volunteers from the community. You might not get an 
instantaneous answere to your query. 

Suggestion: open a post at the fortran-lang.discourse
→ it has larger visibility to the community compared
to the issue tracker.

5. Collaborating with an onpen PR

./.github/collab.sh

Enter the GitHub username of the fork owner (e.g., alice): alice

Enter the PR branch name (e.g., feature-branch): feature-branch

A collab script to get you started
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Take-aways
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Modern Fortran - stdlib

Take-aways

➢ Stdlib offers a « high-level » experience of coding

➢ It incorporates modern practices as a reference and playground

➢« By » and « For » the community
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