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Abstract

WHIZARD is an application of the VAMP algorithm: Adaptive multi-channel inte-
gration and event generation. The bare VAMP library is augmented by modules
for Lorentz algebra, particles, phase space, etc., such that physical processes
with arbitrary complex final states [well, in principle...] can be integrated and
unweighted events be generated.



Figure 1: Overalll folder structure
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Chapter 1

Changes

For a comprehensive list of changes confer the ChangeLog file or the
subversion log.
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Chapter 2

Preliminaries

The WHIZARD file header:

(File header)=
! WHIZARD (Version) (Date)

! Copyright (C) 1999-2019 by

! Wolfgang Kilian <kilian@physik.uni-siegen.de>
! Thorsten Ohl <ohl@physik.uni-wuerzburg.de>

! Juergen Reuter <juergen.reuter@desy.de>

! with contributions from
! cf. main AUTHORS file

! WHIZARD is free software; you can redistribute it and/or modify it
! under the terms of the GNU General Public License as published by

! the Free Software Foundation; either version 2, or (at your option)
! any later version.

! WHIZARD is distributed in the hope that it will be useful, but
! WITHOUT ANY WARRANTY; without even the implied warranty of

! MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
! GNU General Public License for more details.

[
! You should have received a copy of the GNU General Public License
! along with this program; if not, write to the Free Software

! Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.
[
1

This file has been stripped of most comments. For documentation, refer
to the source ’whizard.nw’
We are strict with our names:
(Standard module head)=
implicit none
private
This is the way to envoke the kinds module (not contained in this source)
(Use kinds)=
use kinds, only: default
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(Use kinds with double)=
use kinds, only: default, double

And we make heavy use of variable-length strings

(Use strings)=
use iso_varying_string, string_t => varying_string

Access to the debug_on master switch

(Use debug)=
use debug_master, only: debug_on

And we need the Fortran 2008 MPI module, if compiled with MPI.
(Use mpi f08)=

(MPI: Use mpi f08)=
use mpi_f08 !NODEP!
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Chapter 3
Utilities

These modules are intended as part of WHIZARD, but in fact they are generic
and could be useful for any purpose.
The modules depend only on modules from the basics set.

file_utils Procedures that deal with external files, if not covered by Fortran
built-ins.

file_registries Manage files that are accessed by their name.

string_utils Some string-handling utilities. Includes conversion to C string.
format_utils Utilities for pretty-printing.

format_defs Predefined format strings.

numeric_utils Utilities for comparing numerical values.

3.1 File Utilities

This module provides miscellaneous tools associated with named external files.
Currently only:

e Delete a named file

(file_utils.f90)=
(F'ile header)

module file_utils
use io_units

(Standard module head)

(File utils: public)

contains

(File utils: procedures)

end module file_utils
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No internal dependencies

Figure 3.1: Module dependencies in src/utilities.

3.1.1 Deleting a file

Fortran does not contain a command for deleting a file. Here, we provide a
subroutine that deletes a file if it exists. We do not handle the subtleties, so we
assume that it is writable if it exists.
(File utils: public)=

public :: delete_file

(File utils: procedures)=
subroutine delete_file (name)

character(x), intent(in) :: name
logical :: exist
integer :: u

inquire (file = name, exist = exist)
if (exist) then
u = free_unit ()
open (unit = u, file = name)
close (u, status = "delete")
end if
end subroutine delete_file

3.2 File Registries

This module provides a file-registry facility. We can open and close files multi-
ple times without inadvertedly accessing a single file by two different I/O unit
numbers. Opening a file the first time enters it into the registry. Opening again
just returns the associated I/O unit. The registry maintains a reference count,
so closing a file does not actually complete until the last reference is released.

File access will always be sequential, however. The file can’t be opened at
different positions simultaneously.
(file_registries.f90)=

(F'ile header)
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module file_registries

(Use strings)
use io_units

(Standard module head)
(File registries: public)
(F'ile registries: types)
contains

(File registries: procedures)

end module file_registries

3.2.1 File handle

This object holds a filename (fully qualified), the associated unit, and a reference
count. The idea is that the object should be deleted when the reference count
drops to zero.
(File registries: types)=
type :: file_handle_t
type(string_t) :: file

integer :: unit = 0
integer :: refcount = 0
contains

(File registries: file handle: TBP)
end type file_handle_t

Debugging output:
(File registries: file handle: TBP)=
procedure :: write => file_handle_write

(File registries: procedures)=
subroutine file_handle_write (handle, u, show_unit)

class(file_handle_t), intent(in) :: handle

integer, intent(in) :: u

logical, intent(in), optional :: show_unit

logical :: show_u

show_u = .false.; if (present (show_unit)) show_u = show_unit

if (show_u) then
write (u, "(3x,A,1x,10,1x,’(’,10,’)°)") &
char (handle%file), handle’unit, handleYrefcount
else
write (u, "(3x,A,1x,’(’,10,°)°)") &
char (handle%file), handle’refcount
end if
end subroutine file_handle_write
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Initialize with a file name, don’t open the file yet:

(File registries: file handle: TBP)+=
procedure :: init => file_handle_init

(File registries: procedures)+=
subroutine file_handle_init (handle, file)
class(file_handle_t), intent(out) :: handle
type(string_t), intent(in) :: file
handle)file = file
end subroutine file_handle_init

We check the refcount before actually opening the file.
(File registries: file handle: TBP)+=

procedure :: open => file_handle_open

(File registries: procedures)+=
subroutine file_handle_open (handle)
class(file_handle_t), intent(inout) :: handle
if (handlelirefcount == 0) then
handleunit = free_unit ()
open (unit = handlelunit, file = char (handle)file), action = "read", &
status = "old")
end if
handle)refcount = handle)refcount + 1
end subroutine file_handle_open

Analogously, close if the refcount drops to zero. The caller may then delete the
object.

(File registries: file handle: TBP)+=
procedure :: close => file_handle_close

(File registries: procedures)+=
subroutine file_handle_close (handle)
class(file_handle_t), intent(inout) :: handle
handle)refcount = handle)refcount - 1
if (handlelirefcount == 0) then
close (handlelunit)
handlejunit = 0
end if
end subroutine file_handle_close

The I/0 unit will be nonzero when the file is open.
(File registries: file handle: TBP)+=

procedure :: is_open => file_handle_is_open

(File registries: procedures)+=
function file_handle_is_open (handle) result (flag)
class(file_handle_t), intent(in) :: handle
logical :: flag
flag = handleunit /= 0
end function file_handle_is_open
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Return the filename, so we can identify the entry.

(File registries: file handle: TBP)+=
procedure :: get_file => file_handle_get_file

(File registries: procedures)+=
function file_handle_get_file (handle) result (file)
class(file_handle_t), intent(in) :: handle
type(string_t) :: file
file = handleYfile
end function file_handle_get_file

For debugging, return the I/O unit number.
(File registries: file handle: TBP)+=

procedure :: get_unit => file_handle_get_unit

(File registries: procedures)+=
function file_handle_get_unit (handle) result (unit)
class(file_handle_t), intent(in) :: handle
integer :: unit
unit = handle%unit
end function file_handle_get_unit

3.2.2 File handles registry

This is implemented as a doubly-linked list. The list exists only once in the
program, as a private module variable.
Extend the handle type to become a list entry:
(File registries: types)+=
type, extends (file_handle_t) :: file_entry_t
type(file_entry_t), pointer :: prev => null ()
type(file_entry_t), pointer :: mext => null ()
end type file_entry_t

The actual registry. We need only the pointer to the first entry.

(File registries: public)=
public :: file_registry_t

(File registries: types)+=
type :: file_registry_t
type(file_entry_t), pointer :: first => null ()
contains
(File registries: file registry: TBP)
end type file_registry_t

Debugging output.
(File registries: file registry: TBP)Y=
procedure :: write => file_registry_write
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(File registries: procedures)+=
subroutine file_registry_write (registry, unit, show_unit)

class(file_registry_t), intent(in) :: registry
integer, intent(in), optional :: unit

logical, intent(in), optional :: show_unit
type(file_entry_t), pointer :: entry

integer :: u

u = given_output_unit (unit)
if (associated (registrylfirst)) then
write (u, "(1x,A)") "File registry:"
entry => registry/first
do while (associated (entry))
call entryjwrite (u, show_unit)
entry => entry’next
end do
else
write (u, "(1x,A)") "File registry: [empty]"
end if
end subroutine file_registry_write

Open a file: find the appropriate entry. Create a new entry and add to the list
if necessary. The list is extended at the beginning. Return the I/O unit number
for the records.
(File registries: file registry: TBP)+=

procedure :: open => file_registry_open

(File registries: procedures)+=
subroutine file_registry_open (registry, file, unit)
class(file_registry_t), intent(inout) :: registry
type(string_t), intent(in) :: file
integer, intent(out), optional :: unit
type(file_entry_t), pointer :: entry
entry => registry/first
FIND_ENTRY: do while (associated (entry))
if (entrylkget_file () == file) exit FIND_ENTRY
entry => entry/next
end do FIND_ENTRY
if (.not. associated (entry)) then
allocate (entry)
call entry’init (file)
if (associated (registry/%first)) then
registryfirstiprev => entry
entry/next => registry/first
end if
registryjfirst => entry
end if
call entrylopen ()
if (present (unit)) unit = entrylget_unit ()
end subroutine file_registry_open

Close a file: find the appropriate entry. Delete the entry if there is no file

connected to it anymore.
(File registries: file registry: TBP)+=
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procedure :: close => file_registry_close

(File registries: procedures)+=
subroutine file_registry_close (registry, file)
class(file_registry_t), intent(inout) :: registry
type(string_t), intent(in) :: file
type(file_entry_t), pointer :: entry
entry => registryfirst
FIND_ENTRY: do while (associated (entry))
if (entryYget_file () == file) exit FIND_ENTRY
entry => entry’next
end do FIND_ENTRY
if (associated (entry)) then
call entry¥%close ()
if (.not. entry’is_open ()) then
if (associated (entry’prev)) then
entry/prevjnext => entrylnext
else
registrylfirst => entry/next
end if
if (associated (entry’next)) then
entryjnextyprev => entryl,prev
end if
deallocate (entry)
end if
end if
end subroutine file_registry_close

3.3 String Utilities

This module provides tools associated with strings (built-in and variable). Cur-
rently:

e Upper and lower case for strings
e Convert to null-terminated C string

(stringutils.f90)=
(File header)

module string_utils
use, intrinsic :: iso_c_binding

(Use kinds)
(Use strings)

(Standard module head)
(String utils: public)

(String utils: interfaces)
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contains
(String utils: procedures)

end module string_utils

3.3.1 Upper and Lower Case

These are, unfortunately, not part of Fortran.
(String utils: public)y=

public :: upper_case

public :: lower_case

(String utils: interfaces)=
interface upper_case
module procedure upper_case_char, upper_case_string
end interface
interface lower_case
module procedure lower_case_char, lower_case_string
end interface

(String utils: procedures)=
function upper_case_char (string) result (new_string)

character(*), intent(in) :: string
character(len(string)) :: new_string

integer :: pos, code

integer, parameter :: offset = ichar(’A’)-ichar(’a’)

do pos = 1, len (string)
code = ichar (string(pos:pos))
select case (code)
case (ichar(’a’):ichar(’z’))
new_string(pos:pos) = char (code + offset)
case default
new_string(pos:pos) = string(pos:pos)
end select
end do
end function upper_case_char

function lower_case_char (string) result (new_string)

character(*), intent(in) :: string
character(len(string)) :: new_string

integer :: pos, code

integer, parameter :: offset = ichar(’a’)-ichar(’A’)

do pos = 1, len (string)
code = ichar (string(pos:pos))
select case (code)
case (ichar(’A’):ichar(’Z’))
new_string(pos:pos) = char (code + offset)
case default
new_string(pos:pos) = string(pos:pos)
end select
end do
end function lower_case_char
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function upper_case_string (string) result (new_string)
type(string_t), intent(in) :: string
type(string_t) :: new_string
new_string = upper_case_char (char (string))

end function upper_case_string

function lower_case_string (string) result (new_string)
type(string_t), intent(in) :: string
type(string_t) :: new_string
new_string = lower_case_char (char (string))

end function lower_case_string

3.3.2 C-compatible Output

Convert a FORTRAN string into a zero terminated C string.
(String utils: public)+=
public :: string_f2c

(String utils: interfaces)+=
interface string_f2c
module procedure string_f2c_char, string f2c_var_str
end interface string_f2c

(String utils: procedures)+=
pure function string_f2c_char (i) result (o)
character(*), intent(in) :: i
character (kind=c_char, len=len (i) + 1) :: o
o =1i // c_null_char
end function string_f2c_char

pure function string_f2c_var_str (i) result (o)
type(string_t), intent(in) :: i
character (kind=c_char, len=len (i) + 1) :: o
o = char (i) // c_null_char

end function string_f2c_var_str

3.3.3 Number Conversion

Create a string from a number. We use fixed format for the reals and variable
format for integers.
(String utils: public)+=
public :: str
(String utils: interfaces)+=
interface str
module procedure str_log, str_logs, str_int, str_ints, &

str_real, str_reals, str_complex, str_complexs
end interface
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(String utils: procedures)+=
function str_log (1) result (s)

logical, intent(in) :: 1
type(string_t) :: s
if (1) then
s = "True"
else
s = "False"
end if

end function str_log

function str_logs (x) result (s)
logical, dimension(:), intent(in) :: x
(concatenate strings)

end function str_logs

function str_int (i) result (s)

integer, intent(in) :: i
type(string_t) :: s
character(32) :: buffer

write (buffer, "(I0)") i
s = var_str (trim (adjustl (buffer)))
end function str_int

function str_ints (x) result (s)
integer, dimension(:), intent(in) :: x
(concatenate strings)

end function str_ints

function str_real (x) result (s)
real (default), intent(in) :: x
type(string_t) :: s
character(32) :: buffer
write (buffer, "(ES17.10)") x
s = var_str (trim (adjustl (buffer)))
end function str_real

function str_reals (x) result (s)
real (default), dimension(:), intent(in) :: x
(concatenate strings)

end function str_reals

function str_complex (x) result (s)

complex(default), intent(in) :: x

type(string_t) :: s

s = str_real (real (x)) // " + i " // str_real (aimag (x))
end function str_complex

function str_complexs (x) result (s)
complex(default), dimension(:), intent(in) :: x

(concatenate strings)
end function str_complexs

(concatenate strings)=
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type(string_t) :: s
integer :: i
S=’[’
doi=1, size(x) - 1
s =s// str(x()) // °,
end do
s = s // str(x(size(x))) // ’]1°

Auxiliary: Read real, integer, string value.
(String utils: public)+=

public :: read_rval

public :: read_ival

(String utils: procedures)+=
function read_rval (s) result (rval)

real(default) :: rval
type(string_t), intent(in) :: s
character(80) :: buffer

buffer = s

read (buffer, *) rval
end function read_rval

function read_ival (s) result (ival)
integer :: ival
type(string_t), intent(in) :: s
character(80) :: buffer
buffer = s
read (buffer, *) ival

end function read_ival

3.3.4 String splitting

(String utils: public)+=
public :: string_contains_word

(String utils: procedures)+=
pure function string_contains_word (str, word, include_identical) result (val)

logical :: val

type(string_t), intent(in) :: str, word
type(string_t) :: str_tmp, str_out

logical, intent(in), optional :: include_identical
logical :: yorn

str_tmp = str

val = .false.

yorn = .false.; if (present (include_identical)) yorn = include_identical
if (yorn) val = str == word

call split (str_tmp, str_out, word)

val = val .or. (str_out /= "")

end function string_contains_word
Create an array of strings using a separator.

(String utils: public)+=
public :: split_string
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(String utils: procedures)+=
pure subroutine split_string (str, separator, str_array)

type(string_t), dimension(:), allocatable, intent(out) :: str_array
type(string_t), intent(in) :: str, separator

type(string_t) :: str_tmp, str_out

integer :: n_str

n_str = 0; str_tmp = str

do while (string_contains_word (str_tmp, separator))
n_str = n_str + 1
call split (str_tmp, str_out, separator)

end do

allocate (str_array (n_str))

n_str = 1; str_tmp = str

do while (string_contains_word (str_tmp, separator))
call split (str_tmp, str_array (n_str), separator)
n_str = n_str + 1

end do

end subroutine split_string

3.4 Format Utilities

This module provides miscellaneous tools associated with formatting and pretty-
printing.

e Horizontal separator lines in output

e Indenting an output line

e Formatting a number for TEX output.

e Formatting a number for MetaPost output.
e Alternate numeric formats.

(format_utils.f90)=
(File header)

module format_utils

(Use kinds)

(Use strings)
use string_utils, only: lower_case
use io_units, only: given_output_unit

(Standard module head)

(Format utils: public)

contains

(Format wutils: procedures)

end module format_utils
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3.4.1 Line Output

Write a separator line.

(Format utils: public)=
public :: write_separator

(Format utils: procedures)=
subroutine write_separator (u, mode)

integer, intent(in) :: u
integer, intent(in), optional :: mode
integer :: m

m=1; if (present (mode)) m = mode
select case (m)
case default

write (u, "(A)") repeat ("-", 72)
case (1)

write (u, "(A)") repeat ("-", 72)
case (2)

write (u, "(A)") repeat ("=", 72)
end select

end subroutine write_separator

Indent the line with given number of blanks.
(Format utils: public)+=
public :: write_indent

(Format wutils: procedures)+=
subroutine write_indent (unit, indent)

integer, intent(in) :: unit
integer, intent(in), optional :: indent
if (present (indent)) then
write (unit, "(1x,A)", advance="no") repeat (" ", indent)
end if

end subroutine write_indent

3.4.2 Array Output

Write an array of integers.
(Format utils: public)+=

public :: write_integer_array

(Format wutils: procedures)+=
subroutine write_integer_array (array, unit, n_max, no_skip)

integer, intent(in), dimension(:) :: array
integer, intent(in), optional :: unit
integer, intent(in), optional :: n_max
logical, intent(in), optional :: no_skip
integer :: u, i, n
logical :: yorn
u = given_output_unit (unit)
yorn = .false.; if (present (no_skip)) yorn = no_skip
if (present (n_max)) then
n = n_max
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else
n = size (array)
end if
doi=1,n
if (i < n .or. yorn) then

write (u, "(IO, A)", advance = "no") array(i), ", "
else
write (u, "(I0)") array(i)
end if
end do

end subroutine write_integer_array

3.4.3 TgX-compatible Output

Quote underscore characters for use in TEX output.

(Format utils: public)+=
public :: quote_underscore

(Format wutils: procedures)+=
function quote_underscore (string) result (quoted)
type(string_t) :: quoted
type(string_t), intent(in) :: string
type(string_t) :: part
type(string_t) :: buffer
buffer = string

quoted = ""

do
call split (part, buffer, "_")
quoted = quoted // part
if (buffer == "") exit
quoted = quoted // "\_"

end do

end function quote_underscore

Format a number with n significant digits for use in TEX documents.
(Format utils: public)+=
public :: tex_format

(Format utils: procedures)+=
function tex_format (rval, n_digits) result (string)

type(string_t) :: string

real (default), intent(in) :: rval
integer, intent(in) :: n_digits
integer :: e, n, w, d
real(default) :: absval
real(default) :: mantissa
character :: sign

character(20) :: format
character(80) :: cstr

n = min (abs (n_digits), 16)
if (rval == 0) then

string = "0O"
else
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absval = abs (rval)
e = int (loglO (absval))
if (rval < 0) then
sign = "-"
else
sign = ""
end if
select case (e)
case (:-3)
d =max (n -1, 0)
w = max (d + 2, 2)
write (format, "(’(F’,I0,’.°,I0,’,A,I0,A)’)") w, d
mantissa = absval * 10._default ** (1 - e)
write (cstr, fmt=format) mantissa, "\times 10°{", e - 1, "}"
case (-2:0)
d =max (n - e, 1 - e)
w=max (d+e+ 2, d + 2)

write (format, "(’(F’,I0,’.°,I0,’)°)") w, d
write (cstr, fmt=format) absval
case (1:2)

d=max (n - e -1, -e, 0)
w=max (d+e+2,d+ 2, e +2)
write (format, "(’(F’,I0,’.’,I0,°)’)") w, d
write (cstr, fmt=format) absval

case default
d =max (n - 1, 0)
w =max (d + 2, 2)
write (format, "(’(F’,I0,’.°,I0,’,A,I0,A)’)") w, d
mantissa = absval * 10._default ** (- e)
write (cstr, fmt=format) mantissa, "\times 10°{", e, "}"

end select

string = sign // trim (cstr)

end if
end function tex_format

3.4.4 Metapost-compatible Output

Write a number for use in Metapost code:
(Format utils: public)+=
public :: mp_format

(Format utils: procedures)+=
function mp_format (rval) result (string)

type(string_t) :: string
real (default), intent(in) :: rval
character(16) :: tmp

write (tmp, "(G16.8)") rval
string = lower_case (trim (adjustl (trim (tmp))))
end function mp_format
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3.4.5 Conditional Formatting

Conditional format string, intended for switchable numeric precision.

(Format utils: public)+=
public :: pac_fmt

(Format wutils: procedures)+=
subroutine pac_fmt (fmt, fmt_orig, fmt_pac, pacify)

character(*), intent(in) :: fmt_orig, fmt_pac
character(*), intent(out) :: fmt

logical, intent(in), optiomnal :: pacify
logical :: pacified

pacified = .false.

if (present (pacify)) pacified = pacify
if (pacified) then
fmt = fmt_pac
else
fmt = fmt_orig
end if
end subroutine pac_fmt

3.4.6 Compressed output of integer arrays

(Format wutils: public)+=
public :: write_compressed_integer_array

(Format wutils: procedures)+=
subroutine write_compressed_integer_array (chars, array)

character(len=*), intent(out) :: chars

integer, intent(in), allocatable, dimension(:) :: array
logical, dimension(:), allocatable :: used
character(len=16) :: tmp

type(string_t) :: string

integer :: i, j, start_chain, end_chain

chars = ’[none]’

string = ""

if (allocated (array)) then
if (size (array) > 0) then
allocate (used (size (array)))
used = .false.
do i = 1, size (array)
if (.not. used(i)) then
start_chain = array(i)
end_chain = array(i)
used(i) = .true.
EXTEND: do
do j = 1, size (array)
if (array(j) == end_chain + 1) then
end_chain = array(j)

used(j) = .true.
cycle EXTEND
end if
if (array(j) == start_chain - 1) then

start_chain = array(j)
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used(j) = .true.

cycle EXTEND

end if

end do
exit

end do EXTEND
if (end_chain - start_chain > 0) then

write (tmp, "(I0,A,IO)") start_chain, "-",

else

write (tmp, "(IO)") start_chain

end if

string = string // trim (tmp)

if (any (.not. used)) then
string = string // ’,’

end if

end if

end do
chars
end if
end if

chars = adjustr (chars)

= string

end subroutine write_compressed_integer_array

3.5 Format Definitions

end_chain

This module provides named integer parameters that specify certain format
strings, used for numerical output.

(format_defs.f90)=
(File header)

module format_de

fs

(Standard module head)

(Format defs: public parameters)

end module format_defs

We collect format strings for various numerical output formats here.

(Format defs: public parameters)=

character (x),
character(*),
character(x),
character (x),
character(*),
character(*),
character (x),
character(*),
character (),
character (x),

parameter,
parameter,
parameter,
parameter,
parameter,
parameter,
parameter,
parameter,
parameter,
parameter,

public

public ::
public ::
public ::
public ::
public ::
public ::
public ::
public ::
public ::
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:: FMT_19

FMT_18
FMT_17
FMT_16
FMT_15
FMT_14
FMT_13
FMT_12
FMT_11
FMT_10

"ES19.
"ES18.
"ES17.
"ES16.
"ES15.
"ES14.
"ES13.
"ES12.
"ES11.
"ES10.

12"
11"
10"
gn
8"
7"
6"
5"
an
3"



Fixed-point formats for better readability, where appropriate.

(Format defs: public parameters)+=
character (*), parameter, public :: FMF_12 = "F12.9"

3.6 Numeric Utilities

(numeric utils.f90)=

(File header)
module numeric_utils
(Use kinds)
(Use strings)

use string_utils

use constants

use format_defs
(Standard module head)
(Numeric utils: public)
(Numeric utils: parameters)
(Numeric utils: types)
(Numeric utils: interfaces)
contains

(Numeric utils: procedures)

end module numeric_utils
(Numeric utils: public)=
public :: assert

(Numeric utils: procedures)=
subroutine assert (unit, ok, description, exit_on_fail)

integer, intent(in) :: unit

logical, intent(in) :: ok

character(*), intent(in), optional :: description

logical, intent(in), optional :: exit_on_fail

logical :: ef

ef = .false.; if (present (exit_on_fail)) ef = exit_on_fail

if (.not. ok) then
if (present(description)) then
write (unit, "(A)") "* FAIL: " // description

else
write (unit, "(A)") "x FAIL: Assertion error"
end if
if (ef) stop 1
end if

end subroutine assert
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Compare numbers and output error message if not equal.

(Numeric utils: public)+=
public:: assert_equal
interface assert_equal
module procedure assert_equal_integer, assert_equal_integers, &
assert_equal_real, assert_equal_reals, &
assert_equal_complex, assert_equal_complexs
end interface

(Numeric utils: procedures)+=
subroutine assert_equal_integer (unit, lhs, rhs, description, exit_on_fail)

integer, intent(in) :: unit

integer, intent(in) :: lhs, rhs

character(*), intent(in), optional :: description
logical, intent(in), optional :: exit_on_fail

type(string_t) :: desc

logical :: ok

ok = lhs == rhs

desc = ’’; if (present (description)) desc = var_str(description) // ":

call assert (unit, ok, char(desc // str (lhs) // " /=" // str (rhs)), exit_on_fail)
end subroutine assert_equal_integer

(Numeric utils: procedures)+=
subroutine assert_equal_integers (unit, lhs, rhs, description, exit_on_fail)

integer, intent(in) :: unit

integer, dimension(:), intent(in) :: lhs, rhs
character(*), intent(in), optional :: description
logical, intent(in), optional :: exit_on_fail

type(string_t) :: desc

logical :: ok

ok = all(lhs == rhs)

desc = ’’; if (present (description)) desc = var_str(description) // ":

call assert (unit, ok, char(desc // str (lhs) // " /=" // str (rhs)), exit_on_fail)
end subroutine assert_equal_integers

(Numeric utils: procedures)+=
subroutine assert_equal_real (unit, lhs, rhs, description, &
abs_smallness, rel_smallness, exit_on_fail)
integer, intent(in) :: unit
real (default), intent(in) :: 1lhs, rhs
character(*), intent(in), optional :: description
real(default), intent(in), optional :: abs_smallness, rel_smallness
logical, intent(in), optional :: exit_on_fail
type(string_t) :: desc
logical :: ok
ok = nearly_equal (lhs, rhs, abs_smallness, rel_smallness)
desc = ’’; if (present (description)) desc = var_str(description) // ":
call assert (unit, ok, char(desc // str (lhs) // " /=" // str (zhs)), exit_on_fail)
end subroutine assert_equal_real

(Numeric utils: procedures)+=
subroutine assert_equal_reals (unit, lhs, rhs, description, &
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abs_smallness, rel_smallness, exit_on_fail)

integer, intent(in) :: unit

real (default), dimension(:), intent(in) :: lhs, rhs

character(*), intent(in), optional :: description

real(default), intent(in), optional :: abs_smallness, rel_smallness

logical, intent(in), optional :: exit_on_fail

type(string_t) :: desc

logical :: ok

ok = all(nearly_equal (lhs, rhs, abs_smallness, rel_smallness))

desc = ’’; if (present (description)) desc = var_str(description) // ":

call assert (unit, ok, char(desc // str (lhs) // " /=" // str (rhs)), exit_on_fail)
end subroutine assert_equal_reals

(Numeric utils: procedures)+=
subroutine assert_equal_complex (unit, lhs, rhs, description, &
abs_smallness, rel_smallness, exit_on_fail)

integer, intent(in) :: unit

complex(default), intent(in) :: lhs, rhs

character(*), intent(in), optional :: description

real(default), intent(in), optional :: abs_smallness, rel_smallness
logical, intent(in), optional :: exit_on_fail

type(string_t) :: desc
logical :: ok
ok = nearly_equal (real(lhs), real(rhs), abs_smallness, rel_smallness) &
.and. nearly_equal (aimag(lhs), aimag(rhs), abs_smallness, rel_smallness)
desc = ’’; if (present (description)) desc = var_str(description) // ": "
call assert (unit, ok, char(desc // str (lhs) // " /=" // str (rhs)), exit_on_fail)
end subroutine assert_equal_complex

(Numeric utils: procedures)+=
subroutine assert_equal_complexs (unit, lhs, rhs, description, &
abs_smallness, rel_smallness, exit_on_fail)

integer, intent(in) :: unit

complex(default), dimension(:), intent(in) :: lhs, rhs
character(*), intent(in), optional :: description

real(default), intent(in), optional :: abs_smallness, rel_smallness
logical, intent(in), optional :: exit_on_fail

type(string_t) :: desc
logical :: ok
ok = all (nearly_equal (real(lhs), real(rhs), abs_smallness, rel_smallness)) &
.and. all (nearly_equal (aimag(lhs), aimag(rhs), abs_smallness, rel_smallness))
desc = ’’; if (present (description)) desc = var_str(description) // ": "
call assert (unit, ok, char(desc // str (lhs) // " /=" // str (rhs)), exit_on_fail)
end subroutine assert_equal_complexs

Note that this poor man’s check will be disabled if someone compiles with
-ffast-math or similar optimizations.

(Numeric utils: procedures)+=
elemental function ieee_is_nan (x) result (yorn)
logical :: yorn
real (default), intent(in) :: x
yorn = (x /= x)
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end function ieee_is_nan

This is still not perfect but should work in most cases. Usually one wants to
compare to a relative epsilon rel_smallness, except for numbers close to zero
defined by abs_smallness. Both might need adaption to specific use cases but
have reasonable defaults.
(Numeric utils: public)+=

public :: nearly_equal

(Numeric utils: interfaces)=
interface nearly_equal
module procedure nearly_equal_real
module procedure nearly_equal_complex
end interface nearly_equal

(Numeric utils: procedures)+=
elemental function nearly_equal_real (a, b, abs_smallness, rel_smallness) result (r)

logical :: r
real (default), intent(in) :: a, b
real(default), intent(in), optional :: abs_smallness, rel_smallness

real(default) :: abs_a, abs_b, diff, abs_small, rel_small
abs_a = abs (a)
abs_b = abs (b)
diff = abs (a - b)
! shortcut, handles infinities and nans
if (a == b) then
r = .true.
return
else if (ieee_is_nan (a) .or. ieee_is_nan (b) .or. ieee_is_nan (diff)) then
r = .false.
return
end if
abs_small = tiny_13; if (present (abs_smallness)) abs_small = abs_smallness
rel_small = tiny_10; if (present (rel_smallness)) rel_small = rel_smallness
if (abs_a < abs_small .and. abs_b < abs_small) then
r = diff < abs_small
else
r = diff / max (abs_a, abs_b) < rel_small
end if
end function nearly_equal_real

(Numeric utils: procedures)+=
elemental function nearly_equal_complex (a, b, abs_smallness, rel_smallness) result (r)

logical :: r
complex(default), intent(in) :: a, b
real(default), intent(in), optional :: abs_smallness, rel_smallness

r = nearly_equal_real (real (a), real (b), abs_smallness, rel_smallness) .and. &
nearly_equal_real (aimag (a), aimag(b), abs_smallness, rel_smallness)
end function nearly_equal_complex

Often we will need to check whether floats vanish:

(Numeric utils: public)+=
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public:: vanishes
interface vanishes

module procedure vanishes_real, vanishes_complex
end interface

(Numeric utils: procedures)+=
elemental function vanishes_real (x, abs_smallness, rel_smallness) result (r)

logical :: r
real (default), intent(in) :: x
real(default), intent(in), optional :: abs_smallness, rel_smallness

r = nearly_equal (x, zero, abs_smallness, rel_smallness)
end function vanishes_real

elemental function vanishes_complex (x, abs_smallness, rel_smallness) result (r)

logical :: r
complex(default), intent(in) :: x
real(default), intent(in), optional :: abs_smallness, rel_smallness

r = vanishes_real (abs (x), abs_smallness, rel_smallness)
end function vanishes_complex

(Numeric utils: public)+=
public :: expanded_amp2

(Numeric utils: procedures)+=
pure function expanded_amp2 (amp_tree, amp_blob) result (amp2)
real(default) :: amp2
complex(default), dimension(:), intent(in) :: amp_tree, amp_blob
amp2 = sum (amp_tree * conjg (amp_tree) + &
amp_tree * conjg (amp_blob) + &
amp_blob * conjg (amp_tree))
end function expanded_amp2

(Numeric utils: public)+=
public :: abs2

(Numeric utils: procedures)+=
elemental function abs2 (c) result (c2)
real(default) :: c2
complex(default), intent(in) :: c
c2 = real (c * conjg(c))
end function abs2

Remove all duplicates from an array of signed integers and returns an unordered
array of remaining elements. This method does not really fit into this module.
It could be part of a larger module which deals with array manipulations.
(Numeric utils: public)+=

public :: remove_duplicates_from_int_array

(Numeric utils: procedures)+=
function remove_duplicates_from_int_array (array) result (array_unique)

integer, intent(in), dimension(:) :: array
integer, dimension(:), allocatable :: array_unique
integer :: i

allocate (array_unique(0))
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do i = 1, size (array)

if (any (array_unique == array(i))) cycle
array_unique = [array_unique, [array(i)]]
end do

end function remove_duplicates_from_int_array

(Numeric utils: public)+=
public :: extend_integer_array

(Numeric utils: procedures)+=
subroutine extend_integer_array (list, incr, initial_value)

integer, intent(inout), dimension(:), allocatable :: list
integer, intent(in) :: incr

integer, intent(in), optional :: initial_value

integer, dimension(:), allocatable :: list_store

integer :: mn, ini

ini = 0; if (present (initial_value)) ini = initial_value
n = size (list)
allocate (list_store (n))
list_store = list
deallocate (list)
allocate (list (m+incr))
list(1:n) = list_store
list(1+n : n+incr) = ini
deallocate (list_store)
end subroutine extend_integer_array

(Numeric utils: public)+=
public :: crop_integer_array

(Numeric utils: procedures)+=
subroutine crop_integer_array (list, i_crop)

integer, intent(inout), dimension(:), allocatable :: list
integer, intent(in) :: i_crop
integer, dimension(:), allocatable :: list_store

allocate (list_store (i_crop))
list_store = list(1:i_crop)
deallocate (list)
allocate (list (i_crop))
list = list_store
deallocate (list_store)

end subroutine crop_integer_array

We also need an evaluation of log z which is stable near z = 1.
(Numeric utils: public)+=
public :: log_prec

(Numeric utils: procedures)+=
function log_prec (x, xb) result (1x)

real (default), intent(in) :: x, xb
real (default) :: al, a2, a3, 1lx
al = xb

a2 = al * xb / two
a3 = a2 * xb * two / three
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if (abs (a3) < epsilon (a3)) then

1x = - al - a2 - a3
else

1x = log (%)
end if

end function log_prec

(Numeric utils: public)+=
public :: split_array

(Numeric utils: interfaces)+=
interface split_array
module procedure split_integer_array
module procedure split_real_array
end interface

(Numeric utils: procedures)+=

subroutine split_integer_array (listl, list2)
integer, intent(inout), dimension(:), allocatable :: listl, list2
integer, dimension(:), allocatable :: list_store
allocate (list_store (size (listl) - size (list2)))
list2 = listl(:size (1list2))
list_store = listl (size (1list2) + 1:)
deallocate (1listl)
allocate (listl (size (list_store)))
listl = list_store
deallocate (list_store)

end subroutine split_integer_array

subroutine split_real_array (listl, list2)
real (default), intent(inout), dimension(:), allocatable :: listl, list2
real (default), dimension(:), allocatable :: list_store
allocate (list_store (size (listl) - size (1ist2)))
list2 = listl1(:size (1list2))
list_store = listl (size (1list2) + 1:)
deallocate (listl)
allocate (listl (size (list_store)))
listl = list_store
deallocate (list_store)

end subroutine split_real_array
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Chapter 4

Testing

This part contains tools for automatic testing.

unit_tests A handler that executes test procedures and compares and collects
results.

4.1 Unit tests

We provide functionality for automated unit tests. Each test is required to pro-
duce output which is compared against a reference file. If the two are identical,
we signal success. Otherwise, we signal failure and write the output to a file.

(unit_tests.f90)=
(File header)

module unit_tests

(Use strings)
use io_units

(Standard module head)
(Tests: public)

(Tests: parameters)
(Tests: types)

(Tests: interfaces)
contains

(Tests: procedures)

end module unit_tests
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No internal dependencies

Figure 4.1: Module dependencies in src/testing.

4.1.1 Parameters

Building blocks of file names. The directory names and suffixes are hard-coded
here, and they must reflect actual Makefile targets where applicable.

(Tests: parameters)=

character(*), parameter :: ref_prefix = "ref-output/"
character(*), parameter :: ref = ".ref"
character(*), parameter :: err_prefix = "err-output/"
character(*), parameter :: err = ".out"

4.1.2 Type for storing test results

We store the results of the individual unit tests in a linked list. Here is the
entry:
(Tests: public)=
public :: test_results_t
(Tests: types)=
type :: test_result_t

logical :: success = .false.
type(string_t) :: name
type(string_t) :: description

type(test_result_t), pointer :: next => null ()
end type test_result_t

type :: test_results_t
private
type(test_result_t), pointer :: first => null ()
type(test_result_t), pointer :: last => null ()

integer :: n_success = 0
integer :: n_failure = 0
contains
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(Tests: test results: TBP)
end type test_results_t

Add a test result.
(Tests: test results: TBP)=

procedure, private :: add => test_results_add

(Tests: procedures)=
subroutine test_results_add (list, name, description, success)

class(test_results_t), intent(inout) :: list
character(len=*), intent(in) :: name
character(len=%), intent(in) :: description
logical, intent(in) :: success

type(test_result_t), pointer :: result
allocate (result)
result),success = success
resultname = name
resultydescription = description
if (associated (listYfirst)) then
listlast¥%next => result
else
list)first => result
end if
listllast => result
if (success) then
list)n_success = list)n_success + 1
else
list¥%n_failure = list%n_failure + 1
end if
end subroutine test_results_add

Display the current state.
(Tests: test results: TBP)+=

procedure, private :: write => test_results_write

(Tests: procedures)+=
subroutine test_results_write (list, u)

class(test_results_t), intent(in) :: list
integer, intent(in) :: u
type(test_result_t), pointer :: result

write (u, "(A)") "x** Test Summary *x*"
if (list¥%n_success > 0) then
write (u, "(2x,A)") "Success:"
result => list)first
do while (associated (result))
if (resultlsuccess) write (u, "(4x,A,’: *,A)") &
char (result¥%name), char (resultldescription)
result => result/next
end do
end if
if (list¥n_failure > 0) then
write (u, "(2x,A)") "Failure:"
result => list)first
do while (associated (result))
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if (.not. resultlsuccess) write (u, "(4x,A,’: ’,A)") &
char (result¥name), char (result¥description)
result => resultlnext

end do
end if
write (u, "(A,IO)") "Total =", list)n_success + listYn_failure
write (u, "(A,IO)") "Success = ", list)n_success

write (u, "(A,IO0)") "Failure " list¥n_failure
write (u, "(A)") "x**x End of test Summary **x*"
end subroutine test_results_write

Return true if all tests were successful (or no test).

(Tests: test results: TBP)+=
procedure, private :: report => test_results_report

(Tests: procedures)+=
subroutine test_results_report (list, success)
class(test_results_t), intent(in) :: list
logical, intent(out) :: success
success = listyn_failure ==
end subroutine test_results_report

Delete the list.

(Tests: test results: TBP)+=
procedure, private :: final => test_results_final

(Tests: procedures)+=
subroutine test_results_final (list)
class(test_results_t), intent(inout) :: list
type(test_result_t), pointer :: result
do while (associated (list¥first))
result => list)first
listY)first => resultnext
deallocate (result)
end do
list%last => null ()
list¥%n_success = 0
list%n_failure = 0
end subroutine test_results_final

4.1.3 Wrapup

This will write results, report status, and finalize. This is the only method
which we need to access from outside.
(Tests: test results: TBP)+=

procedure :: wrapup => test_results_wrapup

(Tests: procedures)+=
subroutine test_results_wrapup (list, u, success)

class(test_results_t), intent(inout) :: list
integer, intent(in) :: u
logical, intent(out), optional :: success
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call listhwrite (u)
if (present (success)) call listyreport (success)
call list)final ()

end subroutine test_results_wrapup

4.1.4 Tool for Unit Tests

This procedure takes a test routine as an argument. It runs the test, output
directed to a temporary file. Then, it compares the file against a reference file.
The test routine must take the output unit as argument. We export this
abstract interface, so the test drivers can reference it for declaring the actual
test routines.
(Tests: public)+=
public :: unit_test

(Tests: interfaces)=
abstract interface
subroutine unit_test (u)
integer, intent(in) :: u
end subroutine unit_test
end interface

The test routine can print to screen and, optionally, to a logging unit.

NB: We call fatal force_crash to produce a deliberate crash with back-
trace on any fatal error, if the runtime system does allow it. This is not normal
behavior, but should be useful if something goes wrong.

(Tests: public)+=
public :: test

(Tests: procedures)+=
subroutine test (test_proc, name, description, u_log, results)
procedure(unit_test) :: test_proc
character(*), intent(in) :: name
character(*), intent(in) :: description
integer, intent(in) :: u_log
type(test_results_t), intent(inout) :: results
integer :: u_test, u_ref, u_err
logical :: exist
character(256) :: bufferl, buffer2
integer :: iostatl, iostat2
logical :: success
write (*, "(A)", advance="no") "Running test: " // name
write (u_log, "(A)") "Test: " // name
u_test = free_unit ()
open (u_test, status="scratch", action="readwrite")
call fatal_force_crash ()
call test_proc (u_test)
rewind (u_test)
inquire (file=ref_prefix//name//ref, exist=exist)
if (exist) then
u_ref = free_unit ()
open (u_ref, file=ref_prefix//name//ref, status="old", action="read")
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COMPARE_FILES: do
read (u_test, "(A)", iostat=iostatl) bufferl
read (u_ref, "(A)", iostat=iostat2) buffer2
if (iostatl /= iostat2) then
success = .false.
exit COMPARE_FILES
else if (iostatl < 0) then
success = .true.
exit COMPARE_FILES
else if (bufferl /= buffer2) then

success = .false.
exit COMPARE_FILES
end if

end do COMPARE_FILES
close (u_ref)

else
write (x, "(A)", advance="no") " ... no reference output available"
write (u_log, "(A)") " No reference output available."
success = .false.
end if
if (success) then
write (*, "(A)") " ... success."
write (u_log, "(A)") " Success."
else
write (x, "(A)") " ... failure. See: " // err_prefix//name//err
write (u_log, "(A)") " Failure."

rewind (u_test)
u_err = free_unit ()
open (u_err, file=err_prefix//name//err, &
action="write", status="replace")
WRITE_OUTPUT: do
read (u_test, "(A)", end=1) bufferl
write (u_err, "(A)") +trim (bufferil)
end do WRITE_OUTPUT
close (u_err)
end if
close (u_test)
call results%add (name, description, success)

end subroutine test
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Chapter 5

System: Interfaces and
Handlers

Here, we collect modules that deal with the “system”: operating-system inter-
faces, error handlers and diagnostics.

system_defs Constants relevant for the modules in this set.

diagnostics Error and diagnostic message handling. Any messages and errors
issued by WHIZARD functions are handled by the subroutines in this
module, if possible.

os_interface Execute system calls, build and link external object files and li-
braries.

cputime Timer data type and methods, for measuring performance.

5.1 Constants

The parameters here are used in various parts of the program, starting from
the modules in the current chapter. Some of them may be modified if the need
arises.
(system_defs.f90)=

(File header)

module system_defs

use, intrinsic :: iso_fortran_env, only: iostat_end, iostat_eor !NODEP!
(Standard module head)

(System defs: public parameters)

end module