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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.
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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

Tools

This part contains modules needed for auxiliary purposes:

limits Compile-time (integer) constants: fixed array sizes, input field lengths,
and such. Any module that uses such constants has to access them via
limits.

mpi90 Parallel execution (currently disabled!). This module contains dummy
replacements for the message passing interface subroutines.

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

files Files and auxiliary routines that do not belong anywhere else.
permutations Handle permutations of integers.

unix_args Parse the command-line arguments and options. This part is system-
dependent, and we provide a replacement if the functions are not available.

2.1 Preliminaries

The WHIZARD file header:

(File header)=
! WHIZARD (Version) (Date)
1
! Copyright (C) 1999-2014 by
Wolfgang Kilian <kilian@physik.uni-siegen.de>
Thorsten Ohl <ohl@physik.uni-wuerzburg.de>
Juergen Reuter <juergen.reuter@desy.de>

Fabian Bach <fabian.bach@desy.de>
Christian Speckner <cnspeckn@googlemail.com>
Christian Weiss <christian.weiss@desy.de>

[
[
|
[
|
! with contributions from
[
|
[
! and Felix Braam, Sebastian Schmidt, Daniel Wiesler
|
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! 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.

! 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 !NODEP!
And we make heavy use of variable-length strings
(Use strings)=

use iso_varying_string, string_t => varying_string !NODEP!
Some parameters (buffer sizes etc.) are hardcoded. They are collected in this
module:
(1imits.£90)=

(File header)

module limits

use iso_fortran_env, only: iostat_end, iostat_eor !NODEP!
(Use kinds)

(Standard module head)
(Limits: public parameters)

end module limits
The version string is used for checking files. Note that the string length MUST
NOT be changed, because reading binary files relies on it.

(Limits: public parameters)=
integer, parameter, public :: VERSION_STRLEN = 255
character (1en=VERSION_STRLEN), parameter, public :: &
& VERSION_STRING = "WHIZARD version (Version) ({(Date))"

We collect format string for the different numerical output formats here.

(Limits: public parameters)+=
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character(*), parameter,
character(*), parameter,
character(*), parameter,
character(*), parameter,
character(*), parameter,
character(*), parameter,
character(*), parameter,
character(*), parameter,

public ::
public ::
public ::
public ::
public ::
public ::
public ::
public ::

2.2 Parallelization

This section has been removed, it was never used

FMT_19

FMT_12

lelization should be reimplemented from scratch.

2.3 File utilities

= "ES19.
FMT_18 =
FMT_17 =
FMT_16 =
FMT_15 =
FMT_14 =
FMT_13 =
= "ES12.

"ES18.
"ES17.
"ES16.
"ES15.
"ES14.
"ES13.

even in

120
11"
10"
an
8"
ral
6"
5"

WHIZARDI1. Paral-

This module provides miscellaneous tools associated with strings and files:

e Finding a free unit

e Selecting an output unit (stdout if undefined)

e Upper and lower case for strings

e Formatting a number for TEX output.

(file_utils.f90)=
(File header)

module file_utils

use iso_fortran_env, only: stdout => output_unit !NODEP!

(Use kinds)
(Use strings)

use limits, only: MIN_UNIT, MAX_UNIT !NODEP!
use, intrinsic :: iso_c_binding !NODEP!

(Standard module head)
(File utils: public)

(File utils: interfaces)
contains

(File utils: procedures)

end module file_utils

23



2.3.1 Finding an I/O unit

Fortran 95 (even Fortran 2003) has no notion of implicit I/O units. Therefore,
we have to find a free unit by trial and error.
(Limits: public parameters)+=
integer, parameter, public :: MIN_UNIT = 11, MAX_UNIT = 99
(File utils: public)=
public :: free_unit
(File utils: procedures)=
function free_unit () result (unit)

integer :: unit
logical :: exists, is_open
integer :: i, status

do i = MIN_UNIT, MAX_UNIT
inquire (unit=i, exist=exists, opened=is_open, iostat=status)
if (status == 0) then
if (exists .and. .not. is_open) then
unit = i; return
end if
end if
end do
unit = -1
end function free_unit

(Use file utils)=
use file_utils !NODEP!

Return the given unit, if present, otherwise the default STDOUT unit.
(File utils: public)+=
public :: output_unit

(File utils: procedures)+=
function output_unit (unit) result (u)
integer, intent(in), optional :: unit
integer :: u
if (present (unit)) then
u = unit
else
u = stdout
end if
end function output_unit

2.3.2 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
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(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

2.3.3 String auxiliary functions

These are, unfortunately, not part of Fortran.
(File utils: public)+=

public :: upper_case

public :: lower_case

(File 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

(Flile 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)
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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

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

Quote underscore characters for use in TEX output.
(File utils: public)+=
public :: quote_underscore

(File utils: 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

Convert a FORTRAN string into a zero terminated C string.

(File utils: public)+=
public :: string_f2c

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

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

2.3.4 Formatting numbers

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

public :: tex_format
(File 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 = "O"
else
absval = abs (rval)
e = logl0 (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,’.’,10,’°,A,I0,A)°)") w, d
mantissa = absval * 10._default **x (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
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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

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

2.3.5 Auxiliary stuff

Write a separator line.

(File utils: public)+=
public :: write_separator
public :: write_separator_double

(File utils: procedures)+=
subroutine write_separator (u)
integer, intent(in) :: u
write (u, "(A)") repeat ("-", 72)
end subroutine write_separator

subroutine write_separator_double (u)
integer, intent(in) :: u
write (u, "(A)") repeat ("=", 72)
end subroutine write_separator_double

(File utils: public)+=
public :: write_indent
(File utils: 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
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Conditional format string.
(File utils: public)+=
public :: pac_fmt

(File utils: procedures)+=
subroutine pac_fmt (fmt, fmt_orig, fmt_pac, pacify)

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

logical, intent(in), optional :: 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

2.4 Unit tests

Here, we provide functionality for automated unit tests. Each test is required
to produce 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)=
(F'ile header)

module unit_tests

(Use strings)
(Use file utils)

(Standard module head)
(Tests: public)

(Tests: parameters)
(Tests: types)

(Tests: interfaces)
contains

(Tests: procedures)

end module unit_tests
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2.4.1 Parameters

Building blocks of file names:

(Tests: parameters)=

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

2.4.2 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: typesy=
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

(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

result)name = name

result/description = description

if (associated (listYfirst)) then
listlast¥next => result

else
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list%first => result
end if
list%last => result
if (success) then
list¥%n_success = list)n_success + 1
else
list)n_failure = listY)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*x* Test Summary *x*"
if (list)n_success > 0) then
write (u, "(2x,A)") "Success:"
result => list)first
do while (associated (result))
if (resultVsuccess) write (u, "(4x,A,’: ’,A)") &
char (result¥%name), char (resultydescription)
result => resultlnext
end do
end if
if (list%n_failure > 0) then
write (u, "(2x,A)") "Failure:"
result => list)first
do while (associated (result))
if (.not. resultlsuccess) write (u, "(4x,A,’: ’,A)") &
char (result¥name), char (resultydescription)
result => resultlnext

end do
end if
write (u, "(A,IO0)") "Total = " list¥%n_success + list¥n_failure
write (u, "(A,IO)") "Success = ", list)n_success
write (u, "(A,IO0)") "Failure = ", listyn_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 = list%n_failure ==
end subroutine test_results_report
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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
list)first => resultlnext
deallocate (result)
end do
list%last => null ()
list¥%n_success = 0
list¥%n_failure = 0
end subroutine test_results_final

2.4.3 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

call list¥write (u)
if (present (success)) call listYreport (success)
call list¥%final ()

end subroutine test_results_wrapup

2.4.4 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.
(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.

(Tests: public)+=
public :: test
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(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 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")
COMPARE_FILES: do
read (u_test, "(A)", iostat=iostatl) bufferil
read (u_ref, "(A)", iostat=iostat2) buffer2
if (iostatl /= iostat2) then
success = .false.
exit COMPARE_FILES
else if (diostatl < 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
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write (u_err, "(A)") trim (bufferil)
end do WRITE_OUTPUT
1 close (u_err)
end if
close (u_test)
call results)%add (name, description, success)
end subroutine test

2.5 Operating-system interface

For specific purposes, we need direct access to the OS (system calls). This is,

of course, system dependent. The current version is valid for GNU/Linux; we

expect to use a preprocessor for this module if different OSs are to be supported.
The current implementation lacks error handling.

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

module os_interface
use iso_c_binding !NODEP!

(Use strings)

(Use file utils)
use system_dependencies !NODEP!
use limits, only: DLERROR_LEN, ENVVAR_LEN !NODEP!
use diagnostics !NODEP!
use unit_tests

(Standard module head)

(OS interface: public)

(OS interface: types)

(OS interface: interfaces)

contains

(OS interface: procedures)

(OS interface: tests)

end module os_interface

2.5.1 Path variables

This is a transparent container for storing user-defined path variables.

(OS interface: public)=
public :: paths_t
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(OS interface: types)=
type :: paths_t

type(string_t) :: prefix
type(string_t) :: exec_prefix
type(string_t) :: bindir
type(string_t) :: libdir
type(string_t) :: includedir
type(string_t) :: datarootdir
type(string_t) :: localprefix
type(string_t) :: libtool
type(string_t) :: lhapdfdir

end type paths_t

(OS interface: public)+=
public :: paths_init

(OS interface: procedures)=

subroutine paths_init (paths)
type(paths_t), intent(out)
pathsiprefix = ""
pathslexec_prefix = ""
paths)bindir = ""
paths’libdir = ""
paths’includedir = ""
pathsidatarootdir = ""
pathslocalprefix = ""
paths’libtool = ""
pathslhapdfdir = ""

end subroutine paths_init

:: paths

2.5.2 System dependencies

We store all potentially system- and user/run-dependent data in a transparent
container. This includes compiler /linker names and flags, file extensions, etc.
(OS interface: public)+=
public :: os_data_t
(OS interface: types)+=
type :: os_data_t
logical :: use_libtool
logical :: use_testfiles

type(string_t)
type(string_t)
type(string_t)
type(string_t)

:: fc

:: fcflags
: fcflags_pic
. fc_src_ext

type(string_t) :: cc
type(string_t) :: cflags
type(string_t) :: cflags_pic
type(string_t) :: obj_ext
type(string_t) :: 1d
type(string_t) :: ldflags
type(string_t) :: ldflags_so

type(string_t)

:: ldflags_static
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type(string_t)
type(string_t)

:: ldflags_hepmc
:: ldflags_hoppet
: shlib_ext

type(string_t) :
type(string_t) :: makeflags
type(string_t) :: prefix
type(string_t) :: exec_prefix
type(string_t) :: bindir
type(string_t) :: libdir
type(string_t) :: includedir
type(string_t) :: datarootdir

type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t)
type(string_t) ::

:: whizard_omega_binpath

:: whizard_includes

:: whizard_ldflags

:: whizard_libtool

:: whizard_modelpath

: whizard_models_libpath

:: whizard_susypath

:: whizard_gmlpath

:: whizard_cutspath

:: whizard_texpath

:: whizard_testdatapath

:: whizard_modelpath_local

: whizard_models_libpath_local
: whizard_omega_binpath_local
:: whizard_circe2path

:: whizard_beamsimpath

:: whizard_mulipath
pdf_builtin_datapath

logical :: event_analysis = .false.
logical :: event_analysis_ps = .false.
logical :: event_analysis_pdf = .false.
type(string_t) :: latex

type(string_t) :: mpost

type(string_t) :: gml

type(string_t) :: dvips
type(string_t) :: ps2pdf
type(string_t) :: gosampath
type(string_t) :: golempath
type(string_t) :: formpath
type(string_t) :: ggrafpath
type(string_t) :: ninjapath
type(string_t) :: samuraipath

end type os_data_t

Since all are allocatable strings, explicit initialization is necessary.
(Limits: public parameters)4+=
integer, parameter, public
(OS interface: public)+=
public :: os_data_init

:: ENVVAR_LEN = 1000

(OS interface: procedures)+=
subroutine os_data_init (os_data, paths)
type(os_data_t), intent(out) :: os_data
type(paths_t), intent(in), optional :: paths
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character (1en=ENVVAR_LEN) :: home
type(string_t) :: localprefix, local_includes
os_datal,use_libtool = .true.
inquire (file = "TESTFLAG", exist = os_datajuse_testfiles)
call get_environment_variable ("HOME", home)
if (present (paths)) then
if (paths¥localprefix == "") then
localprefix = trim (home) // "/.whizard"
else
localprefix = paths¥localprefix
end if
else
localprefix = trim (home) // "/.whizard"
end if
local_includes = localprefix // "/lib/whizard/mod/models"
os_data%whizard_modelpath_local = localprefix // "/share/whizard/models"
os_data%whizard_models_libpath_local = localprefix // "/lib/whizard/models"
os_data%whizard_omega_binpath_local = localprefix // "/bin"

os_data¥fc = DEFAULT_FC
os_data%fcflags = DEFAULT_FCFLAGS
os_data%fcflags_pic = DEFAULT_FCFLAGS_PIC
os_data¥%fc_src_ext = DEFAULT_FC_SRC_EXT
os_datal,cc = DEFAULT_CC
os_data%cflags = DEFAULT_CFLAGS
os_datalcflags_pic = DEFAULT_CFLAGS_PIC
os_data%obj_ext = DEFAULT_OBJ_EXT
os_data%ld = DEFAULT_LD
os_data%ldflags = DEFAULT_LDFLAGS
os_data%ldflags_so = DEFAULT_LDFLAGS_SO

os_data%ldflags_static = DEFAULT_LDFLAGS_STATIC
os_data%ldflags_hepmc = DEFAULT_LDFLAGS_HEPMC
os_data%ldflags_hoppet = DEFAULT_LDFLAGS_HOPPET

os_data¥%shlib_ext = DEFAULT_SHLIB_EXT
os_data/makeflags = DEFAULT_MAKEFLAGS
os_datal/prefix = PREFIX
os_data%exec_prefix = EXEC_PREFIX
os_data¥bindir = BINDIR
os_datallibdir = LIBDIR

os_datal,includedir = INCLUDEDIR
os_dataldatarootdir = DATAROOTDIR
if (present (paths)) then

if (pathsyprefix /= "") os_datal)prefix = paths/prefix
if (pathslexec_prefix /= "") os_datajexec_prefix = pathsyexec_prefix
if (paths¥%bindir /= "") os_data)bindir = paths’bindir
if (paths¥%libdir /= "") os_data%libdir = paths¥libdir

if (paths¥%includedir /= "") os_datajincludedir = pathsyincludedir
if (pathsydatarootdir /= "") os_data)datarootdir = pathsydatarootdir

end if

if (os_datajuse_testfiles) then
0s_data%whizard_omega_binpath
os_datajwhizard_includes
os_datay)whizard_ldflags WHIZARD_TEST_LDFLAGS
os_datalwhizard_libtool WHIZARD_LIBTOOL_TEST
os_data¥%whizard_modelpath = WHIZARD_TEST_MODELPATH

WHIZARD_TEST_OMEGA_BINPATH
WHIZARD_TEST_INCLUDES
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os_data¥%whizard_models_libpath = WHIZARD_TEST_MODELS_LIBPATH

os_data%whizard_susypath = WHIZARD_TEST_SUSYPATH
os_datajwhizard_gmlpath = WHIZARD_TEST_GMLPATH
os_data¥%whizard_cutspath = WHIZARD_TEST_CUTSPATH
os_data%whizard_texpath = WHIZARD_TEST_TEXPATH
os_data%whizard_testdatapath = WHIZARD_TEST_TESTDATAPATH
os_data)whizard_circe2path = WHIZARD_TEST_CIRCE2PATH
os_data%whizard_beamsimpath = WHIZARD_TEST_BEAMSIMPATH
os_data%whizard_mulipath = WHIZARD_TEST_MULIPATH
os_data¥%pdf_builtin_datapath = PDF_BUILTIN_TEST_DATAPATH
else
if (os_dir_exist (local_includes)) then
os_data¥%whizard_includes = "-I" // local_includes // " "“// &
WHIZARD_INCLUDES
else
os_data¥%whizard_includes = WHIZARD_INCLUDES
end if

os_data¥%whizard_omega_binpath
os_data¥)whizard_ldflags
os_datalwhizard_libtool
if (present (paths)) then

if (paths%libtool /= "") os_datajwhizard_libtool = paths¥%libtool

WHIZARD_OMEGA_BINPATH
WHIZARD_LDFLAGS
WHIZARD_LIBTOOL

end if
os_data¥%whizard_modelpath = WHIZARD_MODELPATH
os_data¥%whizard_models_libpath = WHIZARD_MODELS_LIBPATH
os_data%whizard_susypath = WHIZARD_SUSYPATH
os_data%whizard_gmlpath = WHIZARD_GMLPATH
os_data¥%whizard_cutspath = WHIZARD_CUTSPATH
os_data%whizard_texpath = WHIZARD_TEXPATH
os_data%whizard_testdatapath = WHIZARD_TESTDATAPATH
os_data)whizard_circe2path = WHIZARD_CIRCE2PATH
os_data%whizard_beamsimpath = WHIZARD_BEAMSIMPATH
os_data¥%whizard_mulipath = WHIZARD_MULIPATH
os_data¥%pdf_builtin_datapath = PDF_BUILTIN_DATAPATH
end if
os_data%event_analysis = EVENT_ANALYSIS == "yes"
os_datalevent_analysis_ps = EVENT_ANALYSIS_PS == "yes"
os_data%event_analysis_pdf = EVENT_ANALYSIS_PDF == "yes"
os_data%latex = PRG_LATEX // " " // OPT_LATEX
os_data/mpost = PRG_MPOST // " " // OPT_MPOST
os_datalgml = os_data)whizard_gmlpath // "/gml" // " " // OPT_MPOST &
// " " // "--gmldir " // os_datalwhizard_gmlpath
os_data%dvips = PRG_DVIPS
os_data%pstdf = PRG_PS2PDF

call os_data_expand_paths (os_data)
os_datalgosampath = GOSAM_DIR
os_data%golempath = GOLEM_DIR
os_data%formpath = FORM_DIR
os_datalqgrafpath = QGRAF_DIR
os_data%ninjapath = NINJA_DIR
os_data%samuraipath = SAMURAI_DIR
end subroutine os_data_init

Replace occurences of GNU path variables (such as ${prefix}) by their values.
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Do this for all strings that could depend on them, and do the replacement in
reverse order, since the path variables may be defined in terms of each other.

(OS interface: procedures)+=
subroutine os_data_expand_paths (os_data)
type(os_data_t), intent(inout) :: os_data
integer, parameter :: N_VARIABLES = 6
type(string_t), dimension(N_VARIABLES) :: variable, value

variable(1) = "${prefix}"; value(1l) = os_datalprefix
variable(2) = "${exec_prefix}"; value(2) = os_datalexec_prefix
variable(3) = "${bindirl}"; value(3) = os_datalbindir
variable(4) = "${libdir}"; value(4) = os_data¥%libdir
variable(5) = "${includedirl}"; value(5) = os_datalincludedir
variable(6) = "${datarootdir}"; value(6) = os_dataldatarootdir

call expand_paths (os_datalwhizard_omega_binpath)
call expand_paths (os_datalwhizard_includes)
call expand_paths (os_datalwhizard_ldflags)
call expand_paths (os_datalwhizard_libtool)
call expand_paths (os_datalwhizard_modelpath)
call expand_paths (os_data)whizard_models_libpath)
call expand_paths (os_datalwhizard_susypath)
call expand_paths (os_datalwhizard_gmlpath)
call expand_paths (os_data)whizard_cutspath)
call expand_paths (os_datalwhizard_texpath)
call expand_paths (os_datalwhizard_testdatapath)
call expand_paths (os_data)whizard_circe2path)
call expand_paths (os_datalwhizard_beamsimpath)
call expand_paths (os_datalwhizard_mulipath)
call expand_paths (os_datalwhizard_models_libpath_local)
call expand_paths (os_data/whizard_modelpath_local)
call expand_paths (os_datalwhizard_omega_binpath_local)
call expand_paths (os_datalpdf_builtin_datapath)
call expand_paths (os_datallatex)
call expand_paths (os_datalmpost)
call expand_paths (os_datalgml)
call expand_paths (os_dataldvips)
call expand_paths (os_datalps2pdf)
contains
subroutine expand_paths (string)
type(string_t), intent(inout) :: string
integer :: i
do i = N_VARIABLES, 1, -1
string = replace (string, variable(i), value(i), every=.true.)
end do
end subroutine expand_paths
end subroutine os_data_expand_paths

Write contents
(OS interface: public)+=
public :: os_data_write
(OS interface: procedures)+=
subroutine os_data_write (os_data, unit)
type(os_data_t), intent(in) :: os_data
integer, intent(in), optional :: unit
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integer ::

u

u = output_unit (unit); if (u < 0) return
write (u, "(A)") "0S data:"
write (u, *) "use_libtool = "  os_datajuse_libtool
write (u, *) "use_testfiles = ", os_dataliuse_testfiles
write (u, *) "fc = "  char (os_datalfc)
write (u, *) "fcflags = ", char (os_datalfcflags)
write (u, *) "fcflags_pic = ", char (os_datalfcflags_pic)
write (u, *) "fc_src_ext = ", char (os_datalffc_src_ext)
write (u, *) "cc = ", char (os_datalcc)
write (u, *) "cflags = ", char (os_datalcflags)
write (u, *) "cflags_pic = ", char (os_datalicflags_pic)
write (u, *) "obj_ext = ", char (os_datalobj_ext)
write (u, *) "1d = " char (os_data)%ld)
write (u, *) "ldflags = ", char (os_datajldflags)
write (u, *) "ldflags_so = ", char (os_data%ldflags_so)
write (u, *) "ldflags_static = ", char (os_datalldflags_static)
write (u, *) "ldflags_hepmc = ", char (os_datajldflags_hepmc)
write (u, *) "ldflags_hoppet = ", char (os_datalldflags_hoppet)
write (u, *) "shlib_ext = ", char (os_data)shlib_ext)
write (u, *) "makeflags = ", char (os_data’makeflags)
write (u, *) "prefix = ", char (os_datalprefix)
write (u, *) "exec_prefix = ", char (os_datalexec_prefix)
write (u, *) "bindir = "  char (os_data)bindir)
write (u, *) "libdir = "  char (os_data¥%libdir)
write (u, *) "includedir = " char (os_data)includedir)
write (u, *) "datarootdir = "  char (os_dataldatarootdir)
write (u, *) "whizard_omega_binpath = ", &
char (os_datajwhizard_omega_binpath)
write (u, *) "whizard_includes = "  char (os_data)whizard_includes)
write (u, *) "whizard_ldflags = ", char (os_data)whizard_ldflags)
write (u, *) "whizard_libtool = ", char (os_data)whizard_libtool)
write (u, *) "whizard_modelpath =" &
char (os_datajwhizard_modelpath)
write (u, *) "whizard_models_libpath = ", &
char (os_datajwhizard_modelpath)
write (u, *) "whizard_susypath = ", char (os_data)whizard_susypath)
write (u, *) "whizard_gmlpath = ", char (os_datalwhizard_gmlpath)
write (u, *) "whizard_cutspath = ", char (os_data)whizard_cutspath)
write (u, *) "whizard_texpath = ", char (os_data)whizard_texpath)
write (u, *) "whizard_circe2path = ", char (os_datajwhizard_circe2path)
write (u, *) "whizard_beamsimpath = ", char (os_data)whizard_beamsimpath)
write (u, *) "whizard_mulipath = ", char (os_data)whizard_mulipath)
write (u, *) "whizard_testdatapath =", &
char (os_data’whizard_testdatapath)
write (u, *) "whizard_modelpath_local =" &
char (os_datajwhizard_modelpath_local)
write (u, *) "whizard_models_libpath_local = ", &
char (os_datajwhizard_models_libpath_local)
write (u, *) "whizard_omega_binpath_local =", &
char (os_datajwhizard_omega_binpath_local)
write (u, *) "event_analysis = ", os_dataljevent_analysis
write (u, *) "event_analysis_ps = ", os_datalevent_analysis_ps
write (u, *) "event_analysis_pdf = ", os_datalevent_analysis_pdf
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write (u, *) "latex = ", char (os_datallatex)

write (u, *) "mpost = ", char (os_data)mpost)
write (u, *) "gml = ", char (os_datalgml)
write (u, *) "dvips = ", char (os_dataldvips)

write (u, *) "ps2pdf = ", char (os_datalps2pdf)
if (os_datalgosampath /= "") then

write (u, *) "gosam = ", char (os_dataj,gosampath)

write (u, *) "golem = ", char (os_datalgolempath)

write (u, *) "form = ", char (os_data)formpath)

write (u, *) "ggraf = ", char (os_dataj,qgrafpath)

write (u, *) "ninja = ", char (os_datalninjapath)

write (u, *) "samurai = ", char (os_datal;samuraipath)
end if

end subroutine os_data_write

2.5.3 Dynamic linking

We define a type that holds the filehandle for a dynamically linked library
(shared object), together with functions to open and close the library, and to
access functions in this library.
(OS interface: public)+=

public :: dlaccess_t
(OS interface: types)+=

type :: dlaccess_t

private
type(string_t) :: filename
type(c_ptr) :: handle = c_null_ptr
logical :: is_open = .false.
logical :: has_error = .false.
type(string_t) :: error

contains

(OS interface: dlaccess: TBP)
end type dlaccess_t

Output. This is called by the output routine for the process library.
(OS interface: dlaccess: TBP)=

procedure :: write => dlaccess_write

(OS interface: procedures)+=
subroutine dlaccess_write (object, unit)

class(dlaccess_t), intent(in) :: object
integer, intent(in) :: unit
write (unit, "(1x,A)") "DL access info:"
write (unit, "(3x,A,L1)") "is open = ", objectlis_open
if (object%has_error) then
write (unit, "(3x,A,A,A)") ‘'"error = ’", char (objectlerror), "’"
else
write (unit, "(3x,A)") "error = [none]"
end if

end subroutine dlaccess_write
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The interface to the library functions:

(OS interface: interfaces)=

interface
function dlopen (filename, flag) result (handle) bind(C)
import
character(c_char), dimension(*) :: filename
integer(c_int), value :: flag

type(c_ptr) :: handle
end function dlopen
end interface

interface
function dlclose (handle) result (status) bind(C)
import
type(c_ptr), value :: handle
integer(c_int) :: status
end function dlclose
end interface

interface
function dlerror () result (str) bind(C)
import
type(c_ptr) :: str
end function dlerror
end interface

interface
function dlsym (handle, symbol) result (fptr) bind(C)
import
type(c_ptr), value :: handle
character(c_char), dimension(*) :: symbol

type(c_funptr) :: fptr
end function dlsym
end interface

This reads an error string and transforms it into a string_t object, if an error
has occured. If not, set the error flag to false and return an empty string.
(Limits: public parameters)+=

integer, parameter, public :: DLERROR_LEN = 160

(OS interface: procedures)+=
subroutine read_dlerror (has_error, error)
logical, intent(out) :: has_error
type(string_t), intent(out) :: error
type(c_ptr) :: err_cptr
character (1en=DLERROR_LEN, kind=c_char), pointer :: err_fptr
integer :: str_end
err_cptr = dlerror ()
if (c_associated (err_cptr)) then
call c_f_pointer (err_cptr, err_fptr)
has_error = .true.
str_end = scan (err_fptr, c_null_char)
if (str_end > 0) then
error = err_fptr(l:str_end-1)
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else
error = err_fptr

end if

else
has_error = .false.
error = ""

end if

end subroutine read_dlerror

This is the Fortran API. Init/final open and close the file, i.e., load and unload
the library.

Note that a library can be opened more than once, and that for an ultimate
close as many dlclose calls as dlopen calls are necessary. However, we assume
that it is opened and closed only once.

(OS interface: public)+=

public :: dlaccess_init
public :: dlaccess_final
(OS interface: dlaccess: TBP)+=
procedure :: init => dlaccess_init
procedure :: final => dlaccess_final

(OS interface: procedures)+=
subroutine dlaccess_init (dlaccess, prefix, libname, os_data)
class(dlaccess_t), intent(out) :: dlaccess
type(string_t), intent(in) :: prefix, libname
type(os_data_t), intent(in), optional :: os_data
type(string_t) :: filename
logical :: exist
dlaccess)filename = libname
filename = prefix // "/" // libname
inquire (file=char(filename), exist=exist)
if (.not. exist) then
filename = prefix // "/.libs/" // libname
inquire (file=char(filename), exist=exist)
if (.not. exist) then

dlaccess’has_error = .true.
dlaccess)error = "Library ’" // filename // "’ not found"
return
end if
end if

dlaccesshandle = dlopen (char (filename) // c_null_char, ior ( &
RTLD_LAZY, RTLD_LOCAL))
dlaccess)kis_open = c_associated (dlaccess’handle)
call read_dlerror (dlaccesshas_error, dlaccess’error)
end subroutine dlaccess_init

subroutine dlaccess_final (dlaccess)
class(dlaccess_t), intent(inout) :: dlaccess
integer(c_int) :: status
if (dlaccess)is_open) then
status = dlclose (dlaccess)handle)
dlaccess%is_open = .false.
call read_dlerror (dlaccess%has_error, dlaccesserror)
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end if
end subroutine dlaccess_final

Return true if an error has occured.

(OS interface: public)+=
public :: dlaccess_has_error

(OS interface: procedures)+=
function dlaccess_has_error (dlaccess) result (flag)
logical :: flag
type(dlaccess_t), intent(in) :: dlaccess
flag = dlaccess¥has_error
end function dlaccess_has_error

Return the error string currently stored in the dlaccess object.
(OS interface: public)+=

public :: dlaccess_get_error

(OS interface: procedures)+=
function dlaccess_get_error (dlaccess) result (error)
type(string_t) :: error
type(dlaccess_t), intent(in) :: dlaccess
error = dlaccess),error
end function dlaccess_get_error

The symbol handler returns the C address of the function with the given string
name. (It is a good idea to use bind (C) for all functions accessed by this, such
that the name string is well-defined.) Call c_f_procpointer to cast this into a
Fortran procedure pointer with an appropriate interface.
(OS interface: public)+=

public :: dlaccess_get_c_funptr

(OS interface: procedures)+=

function dlaccess_get_c_funptr (dlaccess, fname) result (fptr)
type(c_funptr) :: fptr
type(dlaccess_t), intent(inout) :: dlaccess
type(string_t), intent(in) :: fname
fptr = dlsym (dlaccesshandle, char (fname) // c_null_char)
call read_dlerror (dlaccess)has_error, dlaccess)error)

end function dlaccess_get_c_funptr

2.5.4 Predicates

Return true if the library is loaded. In particular, this is false if loading was
unsuccessful.
(OS interface: public)+=

public :: dlaccess_is_open
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(OS interface: procedures)+=
function dlaccess_is_open (dlaccess) result (flag)
logical :: flag
type(dlaccess_t), intent(in) :: dlaccess
flag = dlaccess)is_open
end function dlaccess_is_open

2.5.5 Shell access

This is the standard system call for executing a shell command, such as invoking
a compiler.
In F2008 there will be the equivalent built-in command execute_command_line.
(OS interface: public)+=
public :: os_system_call
(OS interface: procedures)+=
subroutine os_system_call (command_string, status, verbose)

type(string_t), intent(in) :: command_string
integer, intent(out), optional :: status
logical, intent(in), optional :: verbose
logical :: verb
integer :: stat
verb = .false.; if (present (verbose)) verb = verbose
if (verb) &
call msg_message ("command: " // char (command_string))

stat = system (char (command_string) // c_null_char)
if (present (status)) then
status = stat
else if (stat /= 0) then
if (.not. verb) &
call msg_message ("command: " // char (command_string))
write (msg_buffer, "(A,I0)") "Return code = ", stat
call msg_message ()
call msg_fatal (“System command returned with nonzero status code")
end if
end subroutine os_system_call

(OS interface: interfaces)+=

interface
function system (command) result (status) bind(C)
import
integer(c_int) :: status
character(c_char), dimension(*) :: command

end function system
end interface

2.5.6 Querying for a directory

This queries for the existence of a directory. There is no standard way to achieve
this in FORTRAN, and if we were to call into 1ibc, we would need access to C

45



macros for evaluating the result, so we resort to calling test as a system call.
(OS interface: public)+=
public :: os_dir_exist

(OS interface: procedures)+=
function os_dir_exist (name) result (res)

type(string_t), intent(in) :: name

logical :: res

integer :: status

call os_system_call (’test -d "’ // name // ’"’, status=status)

res = status ==
end function os_dir_exist

(OS interface: public)+=
public :: os_file_exist

(OS interface: procedures)+=
function os_file_exist (name) result (exist)

type(string_t), intent(in) :: name
! logical, intent(in), optiomal :: verb
logical :: exist
! integer :: status
! call os_system_call (’test -f "’ // name // ’"’, status=status, verbose=verb)
! res = (status == 0)

inquire (file = char (name), exist=exist)
end function os_file_exist

2.5.7 Fortran compiler and linker

Compile a single module for use in a shared library, but without linking.
(OS interface: public)+=
public :: os_compile_shared

(OS interface: procedures)+=
subroutine os_compile_shared (src, os_data, status)

type(string_t), intent(in) :: src

type(os_data_t), intent(in) :: os_data

integer, intent(out), optional :: status

type(string_t) :: command_string

if (os_data%use_libtool) then

command_string = &

os_data%whizard_libtool // " --mode=compile " // &
os_data%fc // " " // &
"—c " // &
os_data%whizard_includes // " " // &
os_dataY%fcflags // " " // &

"o // src // os_datalfc_src_ext // "’"
else

command_string = &
os_datalfc // " " // &
"-c " // &
os_data%fcflags_pic // " " // &
os_data%whizard_includes // " " // &
os_data)fcflags // " " // &
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won // src // os_datalfc_src_ext // "’"
end if
call os_system_call (command_string, status)
end subroutine os_compile_shared

Link an array of object files to build a shared object library. In the libtool
case, we have to specify a -rpath, otherwise only a static library can be built.
However, since the library is never installed, this rpath is irrelevant.
(OS interface: public)+=

public :: os_link_shared
(OS interface: procedures)+=

subroutine os_link_shared (objlist, 1lib, os_data, status)
type(string_t), intent(in) :: objlist, lib

type(os_data_t), intent(in) :: os_data
integer, intent(out), optional :: status
type(string_t) :: command_string

if (os_datajuse_libtool) then
command_string = &

os_data%whizard_libtool // " --mode=link " // &
os_data%fc // " " // &
"-module " // &
"-rpath /usr/local/lidb" // " " // &
os_datalfcflags // " " // &
os_datalwhizard_ldflags // " " // &
os_data%ldflags // " " // &
"-o " // 1lib // ".la’ " // &
objlist

else

command_string = &

os_datalld // " " // &
os_data¥%ldflags_so // " " // &
os_datalfcflags // " " // &
os_data%whizard_ldflags // " " // &
os_data%ldflags // " " // &
"-o ’" // 1lib // os_datalshlib_ext // "’ " // &
objlist

end if

call os_system_call (command_string, status)
end subroutine os_link_shared

Link an array of object files / libraries to build a static executable.

(OS interface: public)+=
public :: os_link_static

(OS interface: procedures)+=
subroutine os_link_static (objlist, exec_name, os_data, status)
type(string_t), intent(in) :: objlist, exec_name
type(os_data_t), intent(in) :: os_data
integer, intent(out), optional :: status
type(string_t) :: command_string
if (os_data%use_libtool) then
command_string = &
os_data¥%whizard_libtool // " --mode=link " // &
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os_data¥%fc // " " // &
"-static-libtool-libs " // &
os_datajfcflags // " " // &
os_data¥)whizard_ldflags // " " // &
os_data%ldflags // " " // &
os_data%ldflags_static // " " // &
"-o0 ’" // exec_name // "> " // &
objlist // " " // &
os_data%ldflags_hepmc // " " // &
os_data%ldflags_hoppet

else

command_string = &

os_data¥%ld // " " // &
os_data%ldflags_so // " " // &
os_datajfcflags // " " // &
os_datay)whizard_ldflags // " " // &
os_data%ldflags // " " // &
os_data%ldflags_static // " " // &
"-o0 ’" // exec_name // "’ " // &
objlist // " " // &
os_data%ldflags_hepmc // " " // &
os_data%ldflags_hoppet

end if

call os_system_call (command_string, status)

end subroutine os_link_static

Determine the name of the shared library to link. If libtool is used, this is
encoded in the .1la file which resides in place of the library itself.
(OS interface: public)+=
public :: os_get_dlname
(OS interface: procedures)+=

function os_get_dlname (1lib, os_data, ignore, silent) result (dlname)
type(string_t) :: dlname

type(string_t), intent(in) :: 1lib
type(os_data_t), intent(in) :: os_data

logical, intent(in), optional :: ignore, silent
type(string_t) :: filename

type(string_t) :: buffer

logical :: exist, required, quiet

integer :: u

u = free_unit ()
if (present (ignore)) then

required = .not. ignore
else

required = .true.
end if

if (present (silent)) then
quiet = silent
else
quiet = .false.
end if
if (os_datajuse_libtool) then
filename = 1lib // ".la"
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inquire (file=char(filename), exist=exist)
if (exist) then
open (unit=u, file=char(filename), action="read", status="old")
SCAN_LTFILE: do
call get (u, buffer)
if (extract (buffer, 1, 7) == "dlname=") then
dlname = extract (buffer, 9)
dlname = remove (dlname, len (dlname))
exit SCAN_LTFILE
end if
end do SCAN_LTFILE
close (u)
else if (required) then
if (.not. quiet) call msg_fatal (" Library ’" // char (1ib) &
// "’: libtool archive not found")
dlname = ""
else
if (.not. quiet) call msg_message ("[No compiled library ’" &
// char (1ib) // "’1")
dlname = ""
end if
else
dlname = 1ib // os_data%shlib_ext
inquire (file=char(dlname), exist=exist)
if (.not. exist) then
if (required) then
if (.not. quiet) call msg_fatal (" Library ’" // char (1lib) &
// "’ not found")

else

if (.not. quiet) call msg_message &
("[No compiled process library ’" // char (1ib) // "’1")

dlname = ""

end if

end if
end if
end function os_get_dlname

2.5.8 Controlling OpenMP

OpenMP is handled automatically by the library for the most part. Here is a
convenience routine for setting the number of threads, with some diagnostics.
(OS interface: public)+=

public :: openmp_set_num_threads_verbose

(OS interface: procedures)+=
subroutine openmp_set_num_threads_verbose (num_threads, openmp_logging)

integer, intent(in) :: num_threads
integer :: n_threads
logical, intent(in), optional :: openmp_logging

logical :: logging

if (present (openmp_logging)) then
logging = openmp_logging

else
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logging = .true.
end if
n_threads = num_threads
if (openmp_is_active ()) then
if (num_threads == 1) then
if (logging) then
write (msg_buffer, "(A,I0,A)") "OpenMP: Using ", num_threads, &
" thread"
call msg_message
end if
n_threads = num_threads
else if (num_threads > 1) then
if (logging) then
write (msg_buffer, "(A,I0,A)") "OpenMP: Using ", num_threads, &
" threads"
call msg_message
end if
n_threads = num_threads
else
if (logging) then
write (msg_buffer, "(A,I0,A)") "OpenMP: " &
// "Illegal value of openmp_num_threads (", num_threads, &
") ignored"
call msg_error
end if
n_threads = openmp_get_default_max_threads ()
if (logging) then
write (msg_buffer, "(A,I0,A)") "OpenMP: Using ", &
n_threads, " threads"
call msg_message
end if
end if
if (n_threads > openmp_get_default_max_threads ()) then
if (logging) then
write (msg_buffer, "(A,I0)") "OpenMP: " &
// "Number of threads is greater than library default of ", &
openmp_get_default_max_threads ()
call msg_warning
end if
end if
call openmp_set_num_threads (n_threads)
else if (num_threads /= 1) then
if (logging) then
write (msg_buffer, "(A,I0,A)") "openmp_num_threads set to ", &
num_threads, ", but OpenMP is not active: ignored"
call msg_warning
end if
end if
end subroutine openmp_set_num_threads_verbose

2.5.9 Unit tests
(OS interface: public)+=
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public :: os_interface_test

(OS interface: procedures)+=
subroutine os_interface_test (u, results)
integer, intent(in) :: u
type(test_results_t), intent(inout) :: results
(OS interface: execute tests)
end subroutine os_interface_test

Write a Fortran source file, compile it to a shared library, load it, and execute
the contained function.
(OS interface: execute tests)=
call test (os_interface_1, "os_interface_1", &
"check 0S interface routines", &
u, results)

(OS interface: tests)=
subroutine os_interface_1 (u)

integer, intent(in) :: u

type(dlaccess_t) :: dlaccess

type(string_t) :: fname, libname, ext
type(os_data_t) :: os_data

type(string_t) :: filename_src, filename_obj

abstract interface
function so_test_proc (i) result (j) bind(C)
import c_int
integer(c_int), intent(in) :: i
integer(c_int) :: j
end function so_test_proc
end interface

procedure(so_test_proc), pointer :: so_test => null ()
type(c_funptr) :: c_fptr

integer :: unit

integer(c_int) :: i

call os_data_init (os_data)

fname = "so_test"

filename_src = fname // os_datalfc_src_ext
if (os_data%use_libtool) then

ext = ".lo"
else
ext = os_datajobj_ext

end if
filename_obj = fname // ext
libname = fname // os_data%shlib_ext

write (u, "(A)") "x Test output: 0S interface"
write (u, "(A)") "% Purpose: check os_interface routines"
write (u, "(A)")

write (u, "(A)") "% write source file ’so_test.f90’"

write (u, "(A)")

unit = free_unit ()

open (unit=unit, file=char(filename_src), action="write")
write (unit, "(A)") “"function so_test (i) result (j) bind(C)"
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write (unit, "(A)") " wuse iso_c_binding"

write (unit, "(A)") " integer(c_int), intent(in) :: i"
write (unit, "(A)") " integer(c_int) :: j"
write (unit, "(A)") " j =2 % i"

write (unit, "(A)") "end function so_test"

close (unit)

write (u, "(A)") "x compile and link as ’so_test.so/dylib’"
write (u, "(A)")

call os_compile_shared (fname, os_data)

call os_link_shared (filename_obj, fname, os_data)

write (u, "(A)") "x load library ’so_test.so/dylib’"

write (u, "(A)")

call dlaccess_init (dlaccess, var_str ("."), libname, os_data)
if (dlaccess_is_open (dlaccess)) then

write (u, "(A)") " success"
else

write (u, "(A)") " failure"
end if

write (u, "(A)") "x load symbol ’so_test’"
write (u, "(A)")

c_fptr = dlaccess_get_c_funptr (dlaccess, fname)
if (c_associated (c_fptr)) then

write (u, "(A)") " success"
else

write (u, "(A)") " failure"
end if

call c_f_procpointer (c_fptr, so_test)
write (u, "(A)") "* Execute function from ’so_test.so/dylib’"

i=7
write (u, "(A,1x,I1)") " input =", i
write (u, "(A,1x,I1)") " result = ", so_test(i)

if (so_test(i) / i .ne. 2) then
write (u, "(A)") "* Compiling and linking ISO C functions failed."
else
write (u, "(A)") "*x Successful."
end if
write (u, "(A)")
write (u, "(A)") "x Cleanup"
call dlaccess_final (dlaccess)
end subroutine os_interface_1

2.6 CPU timing

This is a simplified module which replaces clock.f90 below. The time is now
stored in a simple derived type which just holds a floating-point number.

(cputime.f90)=
(File header)

module cputime

(Use kinds)
(Use file utils)
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(Use strings)
use diagnostics !NODEP!
use unit_tests

(Standard module head)
(CPU time: public)
(CPU time: types)
(CPU time: interfaces)
contains

(CPU time: procedures)
(CPU time: tests)

end module cputime
The CPU time is a floating-point number with an arbitrary reference time. It
is single precision (default real, not real (default)). It is measured in seconds.
(CPU time: public)=
public :: time_t
(CPU time: types)=
type :: time_t

private

logical :: known = .false.

real :: value = 0
contains

(CPU time: time: TBP)
end type time_t

(CPU time: time: TBP)=

procedure :: write => time_write

(CPU time: procedures)=
subroutine time_write (object, unit)

class(time_t), intent(in) :: object
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit)
write (u, "(1x,A)", advance="no") "Time in seconds ="
if (object¥%known) then
write (u, "(1x,ES10.3)") object)value
else
write (u, "(1x,A)") " [unknown]"
end if
end subroutine time_write

Set the current time

(CPU time: time: TBP)+=
procedure :: set_current => time_set_current
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(CPU time: procedures)+=

subroutine time_set_current (time)
class(time_t), intent(out) :: time
integer :: msecs
call system_clock (msecs)
time)value = real (msecs) / 1000.
timeYknown = timelvalue > 0

end subroutine time_set_current

Assign to a real (default value. If the time is undefined, return zero.

(CPU time: public)+=
public :: assignment (=)

(CPU time: interfaces)=
interface assignment (=)
module procedure real_assign_time
module procedure real_default_assign_time
end interface

(CPU time: procedures)+=
pure subroutine real_assign_time (r, time)
real, intent(out) :: r
class(time_t), intent(in) :: time
if (time%known) then
r = time%value
else
r=20
end if
end subroutine real_assign_time

pure subroutine real_default_assign_time (r, time)
real(default), intent(out) :: r
class(time_t), intent(in) :: time
if (time’known) then
r = time%value
else
r=20
end if
end subroutine real_default_assign_time

Assign an integer or (single precision) real value to the time object.
(CPU time: time: TBP)+=

generic :: assignment(=) => time_assign_from_integer, time_assign_from_real
procedure, private :: time_assign_from_integer
procedure, private :: time_assign_from_real

(CPU time: procedures)+=
subroutine time_assign_from_integer (time, ival)

class(time_t), intent(out) :: time
integer, intent(in) :: ival
time%value = ival

timeYknown = .true.

end subroutine time_assign_from_integer

54



subroutine time_assign_from_real (time, rval)

class(time_t), intent(out) :: time
real, intent(in) :: rval
time%value = rval

timeYknown = .true.

end subroutine time_assign_from_real

Add times and compute time differences. If any input value is undefined, the
result is undefined.
(CPU time: time: TBP)+=

generic :: operator(-) => subtract_times
generic :: operator(+) => add_times
procedure, private :: subtract_times
procedure, private :: add_times

(CPU time: procedures)+=
pure function subtract_times (t_end, t_begin) result (time)

type(time_t) :: time
class(time_t), intent(in) :: t_end, t_begin
if (t_end%known .and. t_beginyknown) then
time)known = .true.
timeY%value = t_end)value - t_beginivalue
end if

end function subtract_times

pure function add_times (tl, t2) result (time)

type(time_t) :: time
class(time_t), intent(in) :: t1, t2
if (t1%known .and. t2jknown) then
time)known = .true.
timelvalue = ti1lvalue + t2Yvalue
end if

end function add_times

Check if a time is known, so we can use it:

(CPU time: time: TBP)+=
procedure :: is_known => time_is_known

(CPU time: procedures)+=
function time_is_known (time) result (flag)
class(time_t), intent(in) :: time
logical :: flag
flag = timelknown
end function time_is_known

We define functions for converting the time into ss / mm:ss / hh:mm:ss /
dd:mm:hh:ss.
(CPU time: time: TBP)+=

generic :: expand => time_expand_s, time_expand_ms, &
time_expand_hms, time_expand_dhms

procedure, private :: time_expand_s

procedure, private :: time_expand_ms
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procedure, private :: time_expand_hms
procedure, private :: time_expand_dhms

(CPU time: procedures)+=
subroutine time_expand_s (time, sec)
class(time_t), intent(in) :: time
integer, intent(out) :: sec
if (timeknown) then
sec = timevalue
else
call msg_bug ("Time: attempt to expand undefined value")
end if
end subroutine time_expand_s

subroutine time_expand_ms (time, min, sec)
class(time_t), intent(in) :: time
integer, intent(out) :: min, sec
if (time%known) then
if (timevalue >= 0) then
sec = mod (int (timeYvalue), 60)

else
sec = - mod (int (- time%value), 60)
end if
min = time%value / 60
else
call msg_bug ("Time: attempt to expand undefined value")
end if

end subroutine time_expand_ms

subroutine time_expand_hms (time, hour, min, sec)
class(time_t), intent(in) :: time
integer, intent(out) :: hour, min, sec
call timelexpand (min, sec)
hour = min / 60
if (min >= 0) then
min = mod (min, 60)
else
min = - mod (-min, 60)
end if
end subroutine time_expand_hms

subroutine time_expand_dhms (time, day, hour, min, sec)
class(time_t), intent(in) :: time
integer, intent(out) :: day, hour, min, sec
call timeYexpand (hour, min, sec)
day = hour / 24
if (hour >= 0) then
hour = mod (hour, 24)
else
hour = - mod (- hour, 24)
end if
end subroutine time_expand_dhms

Use the above expansions to generate a time string.
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(CPU time: time: TBP)+=
procedure :: to_string_s => time_to_string_s

procedure :: to_string ms => time_to_string_ms
procedure :: to_string _hms => time_to_string_hms
procedure :: to_string_dhms => time_to_string_dhms

(CPU time: procedures)+=
function time_to_string_s (time) result (str)

class(time_t), intent(in) :: time
type(string_t) :: str
character(256) :: buffer

integer :: s

call timeYexpand (s)
write (buffer, "(I0,’s’)") s
str = trim (buffer)

end function time_to_string_s

function time_to_string ms (time, blank) result (str)
class(time_t), intent(in) :: time
logical, intent(in), optional :: blank
type(string_t) :: str
character (256) :: buffer

integer :: s, m
logical :: x_out
x_out = .false.

if (present (blank)) =x_out = blank
call timeYexpand (m, s)
write (buffer, "(I0,’m:’,I2.2,’s’)") m, abs (s)
str = trim (buffer)
if (x_out) then
str = replace (str, len(str)-1, "X")
end if
end function time_to_string_ms

function time_to_string_hms (time) result (str)
class(time_t), intent(in) :: time
type(string_t) :: str
character (256) :: buffer
integer :: s, m, h
call timeYexpand (h, m, s)
write (buffer, "(I0,’h:’,I2.2,°m:’,I2.2,’s’)") h, abs (m), abs (s)
str = trim (buffer)
end function time_to_string_hms

function time_to_string_dhms (time) result (str)

class(time_t), intent(in) :: time
type(string_t) :: str

character (256) :: buffer

integer :: s, m, h, d

call timejexpand (d, h, m, s)
write (buffer, "(I0,’d:’,I2.2,°h:’,I2.2,°m:’,I12.2,°s’)") &
d, abs (h), abs (m), abs (s)
str = trim (buffer)
end function time_to_string_dhms
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2.6.1 Timer

A timer can measure real (wallclock) time differences. The base type corre-
sponds to the result, i.e., time difference. The object contains two further times
for start and stop time.

(CPU time: public)+=

public :: timer_t
(CPU time: types)+=
type, extends (time_t) :: timer_t
private
logical :: running = .false.
type(time_t) :: tl, t2
contains

(CPU time: timer: TBP)
end type timer_t

Output. If the timer is running, we indicate this, otherwise write just the result.
(CPU time: timer: TBP)=
procedure :: write => timer_write

(CPU time: procedures)+=
subroutine timer_write (object, unit)

class(timer_t), intent(in) :: object
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit)
if (object¥running) then

write (u, "(1x,A)") "Time in seconds = [running]"
else

call objectVtime_thwrite (u)
end if

end subroutine timer_write

Start the timer: store the current time in the first entry and adapt the status.
We forget any previous values.
(CPU time: timer: TBP)+=

procedure :: start => timer_start

(CPU time: procedures)+=
subroutine timer_start (timer)
class(timer_t), intent(out) :: timer
call timerYtl)set_current ()
timer’running = .true.
end subroutine timer_start

Restart the timer: simply adapt the status, keeping the start time.
(CPU time: timer: TBP)4=
procedure :: restart => timer_restart
(CPU time: procedures)+=
subroutine timer_restart (timer)
class(timer_t), intent(inout) :: timer
if (timer%tl%known .and. .not. timerrunning) then
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timerrunning = .true.
else
call msg_bug ("Timer: restart attempt from wrong status")
end if
end subroutine timer_restart

Stop the timer: store the current time in the second entry, adapt the status,
and compute the elapsed time.
(CPU time: timer: TBP)+=

procedure :: stop => timer_stop

(CPU time: procedures)+=
subroutine timer_stop (timer)
class(timer_t), intent(inout) :: timer
call timer’t2%set_current ()
timer’running = .false.
call timer’evaluate ()
end subroutine timer_stop

This is separate, available for the unit test.
(CPU time: timer: TBP)4=
procedure, private :: evaluate => timer_evaluate
(CPU time: procedures)+=
subroutine timer_evaluate (timer)
class(timer_t), intent(inout) :: timer
timerl,time_t = timer’,t2 - timer’tl
end subroutine timer_evaluate

2.6.2 Unit tests

(CPU time: public)+=
public :: cputime_test
(CPU time: tests)=
subroutine cputime_test (u, results)
integer, intent(in) :: u
type(test_results_t), intent(inout) :: results
(CPU time: execute tests)
end subroutine cputime_test

Basic tests

Check basic functions of the time object. The part which we can’t check is
getting the actual time from the system clock, since the output will not be
reproducible. However, we can check time formats and operations.
(CPU time: execute tests)y=
call test (cputime_1, "cputime_1", &
"time operations", &
u, results)
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(CPU time: tests)+=
subroutine cputime_1 (u)

integer, intent(in) :: u
type(time_t) :: time, timel, time2
real :: t

integer :: d, h, m, s

write (u, "(A)") "* Test output: cputime_1"
write (u, "(A)") "x Purpose: check time operations"
write (u, "(A)")

write (u, "(A)") "* Undefined time"
write (u, *)

call timewrite (u)

write (u, *)
write (u, "(A)") "* Set time to zero"
write (u, *)

time = 0
call timewrite (u)

write (u, *)
write (u, "(A)") "+ Set time to 1.234 s"
write (u, *)

time = 1.234
call timelwrite (u)

t = time
write (u, "(1x,A,F6.3)") "Time as real =", t

write (u, *)
write (u, "(A)") " Compute time difference"
write (u, *)

timel = 5.33
time2 = 7.55
time = time2 - timel

call timellwrite (u)
call time2write (u)
call timelwrite (u)

write (u, *)

write (u, "(A)") "x Compute time sum"
write (u, *)

time = time2 + timel

call timellwrite (u)

call time2write (u)
call timewrite (u)
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write (u, *)
write (u, "(A)") "* Expand time"
write (u, *)

((24 + 1) * 60 + 1) * 60 + 1
((8 x 24 + 23) * 60 + 59) * 60 + 59

timel
time2

call timellexpand (s)

write (u, 1) "s =", s

call timellexpand (m,s)

write (u, 1) "ms =", m, s

call timellexpand (h,m,s)

write (u, 1) "hms =", h, m, s
call timellexpand (d,h,m,s)

write (u, 1) "dhms =", d, h, m, s

call time2jexpand (s)

write (u, 1) "s =", s

call time2jexpand (m,s)

write (u, 1) "ms =", m, s

call time2jexpand (h,m,s)

write (u, 1) "hms =", h, m, s
call time2jexpand (d,h,m,s)

write (u, 1) "dhms =", d, h, m, s

write (u, *)
write (u, "(A)") "* Expand negative time"
write (u, *)

timel = - (((24 + 1) * 60 + 1) * 60 + 1)
time2 = - (((3 * 24 + 23) * 60 + 59) * 60 + 59)

call timellexpand (s)

write (u, 1) "s =", s

call timellexpand (m,s)

write (u, 1) "ms =", m, s

call timel’expand (h,m,s)

write (u, 1) "hms =", h, m, s
call timellexpand (d,h,m,s)

write (u, 1) "dhms =", d, h, m, s

call time2jexpand (s)
write (u, 1) "s =", s
call time2jexpand (m,s)

write (u, 1) "ms =", m, s

call time2jexpand (h,m,s)

write (u, 1) "hms =", h, m, s
call time2jexpand (d,h,m,s)

write (u, 1) "dhms =", d, h, m, s
format (1x,A,1x,4(I0,:,7:°))

write (u, *)
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write (u, "(A)") "* String from time"
write (u, *)

timel ((24 + 1) *x 60 + 1) *x 60 + 1
time2 = ((3 * 24 + 23) * 60 + 59) * 60 + 59

write (u, "(A)") char (timelto_string s ())
write (u, "(A)") char (timelto_string_ms ())
write (u, "(A)") char (timel)to_string hms ())
write (u, "(A)") char (timellto_string_dhms ())

write (u, "(A)") char (time2)to_string_s ())
write (u, "(A)") char (time2jto_string ms ())
write (u, "(A)") char (time2)to_string_hms ())
write (u, "(A)") char (time2)to_string_dhms ())

write (u, "(A)")
write (u, "(A)") "x Blanking out the last second entry"
write (u, "(A)")

write (u, "(A)") char (timellto_string ms ())
write (u, "(A)") char (timellto_string ms (.true.))

write (u, *)
write (u, "(A)") "* String from negative time"
write (u, *)

timel = -(((24 + 1) * 60 + 1) * 60 + 1)
time2 = -(((3 * 24 + 23) * 60 + 59) * 60 + 59)

write (u, "(A)") char (timelto_string s ())
write (u, "(A)") char (timellto_string ms ()
write (u, "(A)") char (timellto_string hms ())
write (u, "(A)") char (timellto_string_dhms ())

write (u, "(A)") char (time2to_string_s ())
write (u, "(A)") char (time2jto_string ms ())
write (u, "(A)") char (time2)to_string_hms ())
write (u, "(A)") char (time2)to_string_dhms ())

write (u, "(A)")
write (u, "(A)") "x Test output end: cputime_1"

end subroutine cputime_1

Timer tests

Check a timer object.
(CPU time: execute tests)+=
call test (cputime_2, "cputime_2", &
"timer", &
u, results)
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(CPU time: tests)+=
subroutine cputime_2 (u)
integer, intent(in) :: u
type(timer_t) :: timer

write (u, "(A)") "x Test output: cputime_2"
write (u, "(A)") "x  Purpose: check timer"
write (u, "(A)")

write (u, "(A)") "* Undefined timer"
write (u, *)

call timerwrite (u)

write (u, *)
write (u, "(A)") "* Start timer"
write (u, *)

call timer¥%start ()
call timerlwrite (u)

write (u, *)
write (u, "(A)") " Stop timer (injecting fake timings)"
write (u, *)

call timer¥%stop ()
timer)tl = 2

timer%t2 = 5

call timer’evaluate ()
call timerlwrite (u)

write (u, *)
write (u, "(A)") "* Restart timer"
write (u, *)

call timerlrestart ()
call timer’write (u)

write (u, *)
write (u, "(A)") "* Stop timer again (injecting fake timing)"
write (u, *)

call timer¥%stop ()
timer%t2 = 10
call timer’evaluate ()

call timer¥%write (u)

write (u, *)
write (u, "(A)") "x Test output end: cputime_2"

end subroutine cputime_2
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2.7 Hashtables

Hash tables, like lists, are not part of Fortran and must be defined on a per-case
basis. In this section we define a module that contains a hash function.

Furthermore, for reference there is a complete framework of hashtable type
definitions and access functions. This code is to be replicated where hash tables
are used, mutatis mutandis.

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

module hashes

use kinds, only: i8, i32 !NODEP!
use bytes

(Standard module head)
(Hashes: public)
contains

(Hashes: procedures)

end module hashes

2.7.1 The hash function

This is the one-at-a-time hash function by Bob Jenkins (from Wikipedia), re-
implemented in Fortran. The function works on an array of bytes (8-bit inte-
gers), as could be produced by, e.g., the transfer function, and returns a single
32-bit integer. For determining the position in a hashtable, one can pick the
lower bits of the result as appropriate to the hashtable size (which should be
a power of 2). Note that we are working on signed integers, so the interpreta-
tion of values differs from the C version. This should not matter in practice,
however.

(Hashes: public)=

public :: hash

(Hashes: procedures)=
function hash (key) result (hashval)

integer(i32) :: hashval
integer(i8), dimension(:), intent(in) :: key
type(word32_t) :: w
integer :: i
w = 0_i32
do 1, size (key)

w + key(i)

w + ishft (w, 10)

ieor (w, ishft (w, -6))

£ 5 5
nonou

end do

w = w + ishft (w, 3)

w = ieor (w, ishft (w, -11))
w =w + ishft (w, 15)
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hashval = w
end function hash

2.7.2 The hash table

We define a generic hashtable type (that depends on the hash_data_t type)
together with associated methods.
This is a template:
(Hashtables: types)=
type :: hash_data_t
integer :: i
end type hash_data_t

Associated methods:

(Hashtables: procedures)=
subroutine hash_data_final (data)
type(hash_data_t), intent(inout) :: data
end subroutine hash_data_final

subroutine hash_data_write (data, unit)

type(hash_data_t), intent(in) :: data
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
write (u, *) datak%i
end subroutine hash_data_write

Each hash entry stores the unmasked hash value, the key, and points to actual
data if present. Note that this could be an allocatable scalar in principle, but
making it a pointer avoids deep copy when expanding the hashtable.
(Hashtables: types)+=
type :: hash_entry_t
integer(i32) :: hashval = 0
integer(i8), dimension(:), allocatable :: key
type(hash_data_t), pointer :: data => null ()
end type hash_entry_t

The hashtable object holds the actual table, the number of filled entries and the
number of entries after which the size should be doubled. The mask is equal to
the table size minus one and thus coincides with the upper bound of the table
index, which starts at zero.

(Hashtables: types)+=
type :: hashtable_t

integer :: n_entries = 0
real :: fill_ratio =0
integer :: n_entries_max = 0

integer(i32) :: mask = 0
type (hash_entry_t), dimension(:), allocatable :: entry
end type hashtable_t

65



Initializer: The size has to be a power of two, the fill ratio is a real (machine-
default!) number between 0 and 1.

(Hashtables: procedures)+=

subroutine hashtable_init (hashtable, size, fill_ratio)
type (hashtable_t), intent(out) :: hashtable
integer, intent(in) :: size
real, intent(in) :: fill_ratio
hashtable’fill_ratio = fill_ratio
hashtable/n_entries_max = size * fill_ratio
hashtable)mask = size - 1
allocate (hashtablelentry (O:hashtablelmask))

end subroutine hashtable_init

Finalizer: This calls a hash_data_final subroutine which must exist.

(Hashtables: procedures)+=
subroutine hashtable_final (hashtable)
type (hashtable_t), intent(inout) :: hashtable
integer :: i
do i = 0, hashtable’mask
if (associated (hashtablelentry(i)jdata)) then
call hash_data_final (hashtablelentry(i)7%data)
deallocate (hashtablelentry(i)’%data)
end if
end do
deallocate (hashtablelentry)
end subroutine hashtable_final

Output. Here, we refer to a hash_data_write subroutine.

(Hashtables: procedures)+=
subroutine hashtable_write (hashtable, unit)
type (hashtable_t), intent(in) :: hashtable
integer, intent(in), optional :: unit
integer :: u, i
u = output_unit (unit); if (u < 0) return
do i = 0, hashtablelmask
if (associated (hashtablelentry(i)’data)) then
write (u, *) i, "(hash =", hashtablelentry(i)’hashval, ")", &
hashtablelentry(i)jkey
call hash_data_write (hashtablelentry(i)idata, unit)
end if
end do
end subroutine hashtable_write

2.7.3 Hashtable insertion

Insert a single entry with the hash value as trial place. If the table is filled, first
expand it.
(Hashtables: procedures)+=
subroutine hashtable_insert (hashtable, key, data)
type (hashtable_t), intent(inout) :: hashtable
integer(i8), dimension(:), intent(in) :: key

66



type(hash_data_t), intent(in), target :: data
integer(i32) :: h
if (hashtableln_entries >= hashtablen_entries_max) &
call hashtable_expand (hashtable)
h = hash (key)
call hashtable_insert_rec (hashtable, h, h, key, data)
end subroutine hashtable_insert

We need this auxiliary routine for doubling the size of the hashtable. We rely on
the fact that default assignment copies the data pointer, not the data themselves.
The temporary array must not be finalized; it is deallocated automatically to-
gether with its allocatable components.

(Hashtables: procedures)+=
subroutine hashtable_expand (hashtable)
type (hashtable_t), intent(inout) :: hashtable
type(hash_entry_t), dimension(:), allocatable :: table_tmp
integer :: i, s
allocate (table_tmp (0:hashtableymask))
table_tmp = hashtable%entry
deallocate (hashtablelentry)
s = 2 * size (table_tmp)
hashtable¥n_entries = 0
hashtable)n_entries_max = s * hashtable)fill_ratio
hashtableymask = s - 1
allocate (hashtablelentry (0:hashtable¥mask))
do i = 0, ubound (table_tmp, 1)
if (associated (table_tmp(i)%data)) then
call hashtable_insert_rec (hashtable, table_tmp(i)%hashval, &
table_tmp(i)’%hashval, table_tmp(i)ikey, table_tmp(i)idata)
end if
end do
end subroutine hashtable_expand

Insert a single entry at a trial place h, reduced to the table size. Collision
resolution is done simply by choosing the next element, recursively until the
place is empty. For bookkeeping, we preserve the original hash value. For a
good hash function, there should be no clustering.

Note that if the new key exactly matches an existing key, nothing is done.

(Hashtables: procedures)+=

recursive subroutine hashtable_insert_rec (hashtable, h, hashval, key, data)

type (hashtable_t), intent(inout) :: hashtable
integer(i32), intent(in) :: h, hashval
integer(i8), dimension(:), intent(in) :: key
type(hash_data_t), intent(in), target :: data
integer(i32) :: i
i = iand (h, hashtablemask)
if (associated (hashtablelentry(i)idata)) then
if (size (hashtablelentry(i)ikey) /= size (key)) then
call hashtable_insert_rec (hashtable, h + 1, hashval, key, data)
else if (any (hashtablelentry(i)%key /= key)) then
call hashtable_insert_rec (hashtable, h + 1, hashval, key, data)
end if
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else
hashtablel,entry(i)%hashval = hashval
allocate (hashtablelentry(i)ikey (size (key)))
hashtablelentry(i)%key = key
hashtableentry(i)jdata => data
hashtable’n_entries = hashtablen_entries + 1

end if

end subroutine hashtable_insert_rec

2.7.4 Hashtable lookup

The lookup function has to parallel the insert function. If the place is filled,
check if the key matches. Yes: return the pointer; no: increment the hash value
and check again.

(Hashtables: procedures)+=
function hashtable_lookup (hashtable, key) result (ptr)
type(hash_data_t), pointer :: ptr
type (hashtable_t), intent(in) :: hashtable
integer(i8), dimension(:), intent(in) :: key
ptr => hashtable_lookup_rec (hashtable, hash (key), key)
end function hashtable_lookup

(Hashtables: procedures)+=
recursive function hashtable_lookup_rec (hashtable, h, key) result (ptr)
type(hash_data_t), pointer :: ptr
type(hashtable_t), intent(in) :: hashtable
integer(i32), intent(in) :: h
integer(i8), dimension(:), intent(in) :: key
integer(i32) :: i
i = iand (h, hashtablemask)
if (associated (hashtablelentry(i)idata)) then
if (size (hashtablejentry(i)ikey) == size (key)) then
if (all (hashtablelentry(i)%key == key)) then
ptr => hashtablejentry(i)¥%data

else
ptr => hashtable_lookup_rec (hashtable, h + 1, key)
end if
else
ptr => hashtable_lookup_rec (hashtable, h + 1, key)
end if
else
ptr => null QO
end if

end function hashtable_lookup_rec

(Hashtables: public)=
public :: hashtable_test

(Hashtables: procedures)+=
subroutine hashtable_test ()
type (hash_data_t), pointer :: data
type (hashtable_t) :: hashtable
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integer(i8) :: i
call hashtable_init (hashtable, 16, 0.25)
doi=1, 10
allocate (data)
datai = ix*i
call hashtable_insert (hashtable, [i, i+i], data)
end do
call hashtable_insert (hashtable, [2_i8, 4_i8], data)
call hashtable_write (hashtable)
data => hashtable_lookup (hashtable, [5_i8, 10_i8])
if (associated (data)) then
print *, "lookup:", dataji
else
print *, "lookup: --"
end if
data => hashtable_lookup (hashtable, [6_i8, 12_i8])
if (associated (data)) then
print *, "lookup:", dataji
else
print *, "lookup: --"
end if
data => hashtable_lookup (hashtable, [4_i8, 9_.i8])
if (associated (data)) then
print *, "lookup:", dataji
else
pri