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quantum mechanical atomistic
simulations & machine learning

Quantum mechanical atomistic simulation package

MPI-parallelized modern Fortran project
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. Participating in Fortran projects of general interest

mpiﬁ{ Wrappers around MPI routines real(dp) :: array(100, 100, 100)

https://github.com/dftbplus/mpifx call mpifx_bcast(mpicomm, array)

Scalapackﬁ{ Wrappers around call scalafx _psygv(a, desca, b,&

ScaLAPACK routines & descb’ w, Z, descz’&
https://github.com/dftbplus/scalapackfx & jobz="V", uplo="L")

fy'pp Python powered Fortran preprocessor  #:for KIND in ["sp", "dp"]
module procedure myproc ${KIND}$

https://github.com/aradi/fypp #:endfor

Flexible & extensible object oriented Fortran unit testing framework for serial,
fortuno | | 9
MPI-parallel and coarray- parallel projects

https://github.com/fortuno-repos/ m
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. Testing strategies

Unit testing Functional testing
* Each program unit tested independently e Testing the package functionality as a whole
* Check whether for given input the right * Tesintg whether for given input (e.g. user supplied
output is returned data) expected output is generated
* Test driven development  All possible code paths should be tested
(e.g. agile programming) (coverage!)
* First write the tests for a given * Could also include stress-tests or scaling tests

functionality, then implement the
functionality and make sure it passes

the test

 If a bug is found, add it first as test e e Ues g
(improve coverage) and then fix it so * Does the library integrate into the (build)
that it passes the test environments it is supposed to?




. Fortran unit test frameworks

The ones | was aware of / had some experiences with

* ftnunit
written by Arjen Markus

FRUIT
Fortran Unit Test Framework by Andrew Hang Chen

pFUnNit
written and maintained at NASA developers

Veggies
written and maintained Brad Richardson

test-drive
written by Sebastian Ehlert, hosted/maintained on fortran-lang

FyTest
Fypp-based testing framework, written by me, avoid it!

Fortra,n

Wiki https://fortranwiki.org/fortran/show/Unit+testing+frameworks  (further frameworks)



http://flibs.sourceforge.net/ftnunit.html
https://sourceforge.net/projects/fortranxunit/
https://sourceforge.net/projects/pfunit/
https://gitlab.com/everythingfunctional/veggies
https://github.com/fortran-lang/test-drive
https://github.com/aradi/fytest
https://fortranwiki.org/fortran/show/Unit+testing+frameworks

. My expectations on the ideal unit testing framework

Feature aspects Implementation aspects

Simple Written in pure Fortran

Minimal amount of boiler plate code Should not require any pre-processor to
generate code

Flexible

Parametrized tests, test fixtures, nestable Extensible

test suites, test suite fixtures Implementation of custom testing scenarios

Parallel Programmatic

Support for MPI and co-array parallelism Can | use the unit testing framework to test

. _ 7
User friendly the unit testing framework

Detailed information about failure,
iIncluding internal test state (if relevant)

Integrates into common build systems (a kind of blend of pFUnit and test-drive ...)

Make, Cmake, Meson & fpm




. Fortuno

* Inspired by pFUnit and test-drive
+ simplicity of test-drive
+ feature richness of pFUnit
+ geared toward maximal extensibility / configurability
+ MPI and co-array testing capability
+ user friendly error reporting

* Mixed OOP and procedure based technique:
+ OOP where practical and needed for extensibility

+ procedure pointers where that results in less code
Fortuno =

* Written in Fortran 2018 (no preprocessor needed) * stand-alone unit

+ Intel 2024, Intel 2025 testing framework
+ NAG 7.2 e library to build
+ GNU 14, GNU 15 your own unit

testing framework
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. Fortuno key concepts

Test case

* Represents individual unit tests and can be run to execute the test code they contain.
* Runner (run) is customizable

Test suite

e Container for structuring tests.
* Contains test cases and/or further test suites.
* Initialization (set-up) and finalization (tear-down) is customizable.

Test app

* Driver program orchestrating setting up and tearing down test suites and running tests.




. Fortuno in 3 minutes

1 program testapp

2 use mylib, only : factorial

3 use fortuno, only : execute serial cmd app, 1s equal,&
4 test => serial case item, check => serial check
5 implicit none

3

7 call execute serial cmd app (&

8 testitems=[&

9 test("factorial 1", test factorial 1),&

10 test("factorial 2", test factorial 2)&

11 1&

12 )

13

14 contains




. Fortuno in 3 minutes

15
16
17
18
19
20
21
22
23
24
25
26

I Test: 1! =1

subroutine test factorial 1()
call check(factorial(l) == 1)

end subroutine test factorial 1

I Test: 2! = 2 (will fail)
subroutine test factorial 2()
call check(is equal(factorial(2), 3),&
& msg="Test failed for demonstration purposes")
end subroutine test factorial 2

end program testapp




. Fortuno in 3 minutes

./testapp

# Executing test items
.F

# Logged event(s)

Failed [run] factorial 2

-> Unsuccessful check

Check: 1

Msg: Test failed for demonstration purposes
Failure: mismatching integer values

Valuel: 2

Value2: 3

# Test runs

Total: 2
Succeeded: 1 ( 50.0%)
Failed: 1 ( 50.0%)
=== FAILED ===




. Fortuno - checkers

call check(%s_equal(factorial(0), 1)

Arbitrary function

returning a type :: check_result
check_result instance

Llogical :: success = .false.
class(failure_details), allocatable :: details
end type check result

type, abstract :: failure_details
contains

procedure(failure details as char), deferred :: as char
end type failure details

e Customized checkers can be implemented for any data type of interest




. Chained checks

I Test: 2! = 2 (contains two failing checks)

subroutine test factorial 2()
call check(is equal(factorial(2), 3), msg="First failing check")

call check(.false., msg="Second failing check")
end subroutine test factorial 2

-> Unsuccessful check

Check: 2
Msg: Second failing check

-> Unsuccessful check

Check: 1

Msg: First failing check

Failure: mismatching integer values
Valuel: 2

Value2: 3




. MPI-parallel testing

Error might occur only on a subset of the ranks

subroutine test broadcast() MPI ranks

character(:), allocatable :: msg
Llogical :: success

if (mod(this rank(), 3) == 2) then

success = .false.

msg = "Failing on rank " // as char(this rank())
else

success = .true.
end 1if

call check(success, msg=msg) « Check must be called
collectively by all ranks

end subroutine test broadcast




. MPI-parallel testing

mpirun -n 2 testapp # Test runs
Total: 1
Succeeded: 1 (100.0%)

mpirun -n 3 testapp -> Unsuccessful check
Rank: 2
Check: 1
Msg: Failing on rank 2 on purpose

mpirun -n 6 testapp -> Unsuccessful check
Rank: 2 (+ 1 more)
Check: 1
I Msg: Failing on rank 2 on purpose

Message of first failing rank




. Coarray parallel testing

subroutine test broadcast(ctx)
class(context), intent(inout) :: ctx

character(:), allocatable :: msg
Llogical :: success

if (mod(this image() - 1, 3) == 2) then

success = .false.

msg = "Failing on 1image " // as char(this image())
else

success = .true.
end 1if

call ctx%check(success, msg=msg) <«

end subroutine test broadcast

Coarray images

Check must be called
collectively by all images
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. Test fixtures by type extension

type, extends(serial case base)

end type random test case

random test case

procedure(test recursion _down), pointer, nopass :: Proc < Pointer to test routine
contains
procedure :: run => random test case run « Overriding test runner

~_— Testroutine with explicitly passed fixture parameter

4////

integer, intent(in) :: nn

subroutine test_recursion_down(nn)

call check(is equal(factorial(nn), nn * factorial(nn — 1)))

end subroutine test recursion down




. Test fixtures by type extension

subroutine random test case run(this)
class(random test case), intent(in)
real :: rand
integer :: nn

call random number(rand)
nn = int(13 * rand) + 1
call this%proc(nn)

end subroutine random test case run

:: this

Problem: if test failed, at which value of hn?

Failed [run]
fixtured/recursion up

-> Unsuccessful check
File: test.f90 (line 12)

Failure: mismatching integer
values

Valuel: 1278945279
Value2: 1278945266




. Test fixtures by type extension

subroutine random test case run(this)
class(random test case), intent(in)
real rand
integer :: nn

call random number(rand)
nn = int(13 * rand) +
call store state(&
state dict([&
dict item("n", nn)&
1)&
)

call this%proc(nn)

end subroutine random test case run

+: this

Stores relevant state information as dictionary

State information is shown in output

Failed [run;\\\\\\x

fixtured/recursion up {n: 13}

-> Unsuccessful check
File: test.f90 (line 12)

Failure: mismatching integer
values

Valuel:
Value?2:

1278945279
1278945266




. Support for fpp (built-in in most compilers)

#include "fortuno serial.fpp"

I Test: 2! = 2 (will fail)
subroutine test factorial 2()

CHECK(is equal(factorial(2), 3), msg="Failed purposely")
end subroutine test factorial 2

-> Unsuccessful check

File: ../test fpp.F90 (line 61) <
Msg: Failed purposely

Failure: mismatching integer values
Valuel: 2

Value2: 3

Automatic file/line information




. Support for Fypp

#:include "fortuno serial.fypp"

I Test: 2! = 2 (will fail)

$: TEST("factorial 2")
@:CHECK(1is equal(factorial(2), 3), msg="Failed purposely")

$:END TEST()

-> Unsuccessful check

File: ../test fpp.F90 (line 61) <« Automatic file/line information
Msg: Failed purposely

Failure: mismatching integer values

Valuel: 2

Value2: 3




. Support for Fypp - Automatic test registration

function tests()
type(test list)

1)

end function tests

tests

tests = test list([&
test("factorial 0", test factorial 0),&
test("factorial 1", test factorial 1),& Function returning the list of tests

Function returning the list of tests
(manual test registration)

(automatic test registration with Fypp)

function tests()
type(test list) :: tests

tests = test list([&
$:TEST ITEMS()

1)

end function tests




. Using Fortuno with fpm

* Compiler flags and dependencies for MPI- and coarray-parallel components differ
* Automatically deployed separate repository for each component

Repositories to be used with fpm

v fortuno-repos/fortuno-fpm-serial

fortuno-repos/fortuno \’ fortuno-repos/fortuno-fpm-mpi

. fortuno-repos/fortuno-fpm-coarray




. Creating a Fortuno-tested project from scratch

> cookiecutter gh:fortuno-repos/cookiecutter-fortran-project

[1/9] Name of the project (MyProject):

[5/9] Which parallelization model should be used?
1 - Serial code
2 - MPI-parallelized code
3 - Coarray-parallelized code
[6/9] Which build system should the config files be generated for?

1 - CMake

2 - Fpm

3 - Meson

4 - Config files for all three build systems

Creates ready to build and test project




. Fortuno project

Hosted @ GitHub

https://github.com/fortuno-repos/fortuno

Documentation @ RTD

https://readthedocs.io/fortuno

Project status

v

v

v

Serial, MPI testing

Parametrized tests

Fixtures (case & suite)

User friendly error reporting (for a few cases)

Programmatic testing

Licence

BSD-2-Clause-Patent

 BSD + patent grants as in Apache
e OSI approved

Comments, suggestions & contributions
welcome

Next steps

— Better CTest integration

- User and developers docs

— User friendly errors for common cases
Full self-testing



https://readthedocs.io/fortuno
https://spdx.org/licenses/BSD-2-Clause-Patent.html
./subroutine%20somecalc(ierror)%20%20integer,%20intent(out)%20::%20ierror%20%20ierror%20=%200%20%20if%20(iiter%20%3E%20maxiter)%20then%20%20%20%20ierror%20=%201%20%20%20%20return%20%20end%20ifend%20subroutine%20somecalc

