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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.

clock Store and handle dates and times

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)
[
! Copyright (C) 1999-2012 by
! Wolfgang Kilian <kilian@physik.uni-siegen.de>
! Thorsten Ohl <ohl@physik.uni-wuerzburg.de>
! Juergen Reuter <juergen.reuter@desy.de>
! Christian Speckner <christian.speckner@physik.uni-freiburg.de>
[
!
! 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)
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! 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!
(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))"

2.2 Parallelization

This section has been removed, it was never used even in WHIZARDI. Paral-
lelization should be reimplemented from scratch.
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2.3 File utilities

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!

(Standard module head)
(File utils: public)

(File utils: interfaces)
contains

(F'ile utils: procedures)

end module file_utils

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
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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 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

(File 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
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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

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

2.3.3 Formatting numbers

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

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)+=
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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

2.4 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)=
(File 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!

(Standard module head)

(OS interface: public)

(OS interface: types)

(OS interface: interfaces)

contains

(OS interface: procedures)

end module os_interface

2.4.1 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

2.4.2 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) :: obj_ext
type(string_t) :: 1d
type(string_t) :: ldflags
type(string_t) :: ldflags_so

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

: ldflags_static
: ldflags_hepmc
:: shlib_ext
11 prefix
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type(string_t) :: exec_prefix
type(string_t) :: bindir
type(string_t) :: libdir

type(string_t) :: includedir
type(string_t) :: datarootdir
type(string_t) :: whizard_omega_binpath
type(string_t) :: whizard_includes

type(string_t) :: whizard_ldflags
type(string_t) :: whizard_libtool
type(string_t) :: whizard_modelpath
type(string_t) :: whizard_models_libpath
type(string_t) :: whizard_susypath
type(string_t) :: whizard_gmlpath

type(string_t) :: whizard_cutspath
type(string_t) :: whizard_texpath
type(string_t) :: whizard_testdatapath
type(string_t) :: whizard_modelpath_local
type(string_t) :: whizard_models_libpath_local
type(string_t) :: whizard_omega_binpath_local
type(string_t) :: whizard_circe2path
type(string_t) :: whizard_beamsimpath
type(string_t) :: whizard_mulipath
type(string_t) :: 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
end type os_data_t

Since all are allocatable strings, explicit initialization is necessary.

(Limits: public parameters)+=
integer, parameter, public :: ENVVAR_LEN = 1000

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

(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
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

22



else
localprefix
end if
local_includes = localprefix // "
os_data%whizard_modelpath_local =
os_data%whizard_models_libpath_lo
os_data¥%whizard_omega_binpath_loc

trim (home) // "

os_datalfc = DEFAULT_
os_datajfcflags = DEFAULT_
os_data¥%fcflags_pic = DEFAULT_
os_data%fc_src_ext = DEFAULT_
os_data%obj_ext = DEFAULT_
os_data¥ld = DEFAULT_
os_data%ldflags = DEFAULT_
os_data%ldflags_so = DEFAULT_
os_data%ldflags_static = DEFAULT_

os_data%ldflags_hepmc DEFAULT_

/ .whizard"

/1lib/whizard/mod/models"
localprefix // "/share/whizard/models"
cal = localprefix // "/lib/whizard/models"
al = localprefix // "/bin"
FC
FCFLAGS
FCFLAGS_PIC
FC_SRC_EXT
0BJ_EXT
LD
LDFLAGS
LDFLAGS_SO
LDFLAGS_STATIC
LDFLAGS_HEPMC

os_data%shlib_ext = DEFAULT_SHLIB_EXT

os_datalprefix = PREFIX

os_data%exec_prefix = EXEC_PREFIX

os_data¥%bindir = BINDIR

os_data%libdir = LIBDIR

os_datalincludedir = INCLUDEDIR

os_dataldatarootdir = DATAROOTDIR

if (present (paths)) then
if (pathsiprefix /= "") os_datalprefix = paths/prefix
if (pathslexec_prefix /= "") os_datajexec_prefix = pathsyexec_prefix
if (paths¥bindir /= "") os_datajbindir = paths¥bindir
if (paths)libdir /= "") os_datajlibdir = paths¥libdir
if (paths¥%includedir /= "") os_datajincludedir = pathsyincludedir
if (pathsydatarootdir /= "") os_datajdatarootdir = pathsydatarootdir

end if
if (os_datalfuse_testfiles) then
os_data)whizard_omega_binpath
os_datalwhizard_includes
os_data¥%whizard_ldflags
os_data¥%whizard_libtool
os_data%whizard_modelpath
os_data¥%whizard_models_libpath
os_data¥%whizard_susypath
os_datafwhizard_gmlpath
os_data¥%whizard_cutspath
os_data¥%whizard_texpath
0s_data%whizard_testdatapath
os_data)whizard_circe2path
os_data%whizard_beamsimpath
os_data¥%whizard_mulipath
os_data¥%pdf_builtin_datapath
else
if (os_dir_exist (local_includ
os_data¥%whizard_includes
WHIZARD_INCLUDES

else
os_data¥%whizard_includes =
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WHIZARD_TEST_OMEGA_BINPATH
= WHIZARD_TEST_INCLUDES
WHIZARD_TEST_LDFLAGS
WHIZARD_LIBTOOL_TEST
WHIZARD_TEST_MODELPATH
WHIZARD_TEST_MODELS_LIBPATH
WHIZARD_TEST_SUSYPATH
WHIZARD_TEST_GMLPATH

= WHIZARD_TEST_CUTSPATH
WHIZARD_TEST_TEXPATH
WHIZARD_TEST_TESTDATAPATH
WHIZARD_TEST_CIRCE2PATH
WHIZARD_TEST_BEAMSIMPATH

= WHIZARD_TEST_MULIPATH
PDF_BUILTIN_TEST_DATAPATH

es)) then
"-I" // local_includes // " "// &
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end if

WHIZARD_OMEGA_BINPATH
WHIZARD_LDFLAGS
WHIZARD_LIBTOOL

os_data%whizard_omega_binpath
os_datajwhizard_ldflags
os_data%whizard_libtool
if (present (paths)) then

if (paths%libtool /= "") os_datajwhizard_libtool = paths%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_datajwhizard_circe2path = WHIZARD_CIRCE2PATH
os_data%whizard_beamsimpath = WHIZARD_BEAMSIMPATH
os_data%whizard_mulipath = WHIZARD_MULIPATH
os_dataypdf_builtin_datapath = PDF_BUILTIN_DATAPATH
end if
os_data%event_analysis = EVENT_ANALYSIS == "yes"
os_data%event_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_datalwhizard_gmlpath // "/gml" // " " // OPT_MPOST &
// " " // "--gmldir " // os_datal%whizard_gmlpath

os_data%dvips PRG_DVIPS

os_data%ps2pdf = PRG_PS2PDF

call os_data_expand_paths (os_data)
end subroutine os_data_init

Replace occurences of GNU path variables (such as ${prefix}) by their values.
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) = "${prefix}"; value(1l) = os_datajprefix
variable(2) = "${exec_prefix}"; value(2) = os_datalexec_prefix
variable(3) = "${bindir}"; value(3) = os_data)bindir
variable(4) = "${libdir}"; value(4) = os_data¥%libdir
variable(5) = "${includedir}"; value(5) = os_data¥includedir
variable(6) = "${datarootdir}"; value(6) = os_dataldatarootdir

call expand_paths (os_data)whizard_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_data)whizard_susypath)

call expand_paths (os_datalwhizard_gmlpath)
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call expand_paths (os_datalwhizard_cutspath)

call expand_paths (os_data)whizard_texpath)

call expand_paths (os_datalwhizard_testdatapath)

call expand_paths (os_data/whizard_circe2path)

call expand_paths (os_datajwhizard_beamsimpath)

call expand_paths (os_datalwhizard_mulipath)

call expand_paths (os_datawhizard_models_libpath_local)
call expand_paths (os_datalwhizard_modelpath_local)
call expand_paths (os_data)whizard_omega_binpath_local)
call expand_paths (os_datalpdf_builtin_datapath)

call expand_paths (os_data)latex)

call expand_paths (os_data/mpost)

call expand_paths (os_datalgml)

call expand_paths (os_data)dvips)

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
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_dataljuse_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, *) "obj_ext = ", char (os_datajobj_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_datalldflags_hepmc)
write (u, *) "shlib_ext = "  char (os_data)shlib_ext)
write (u, *) "prefix = ", char (os_datalprefix)

write (u, *) "exec_prefix = ", char (os_datajexec_prefix)
write (u, *) "bindir = "  char (os_data’bindir)

write (u, *) "libdir = " char (os_data¥%libdir)

write (u, *) "includedir = "  char (os_data)includedir)
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write (u,
write (u,
char
write (u,
write (u,
write (u,
write (u,
char
write (u,
char
(u,
(u,
(u,
(u,
(u,
(u,
(u,
(u,
char
write (u,
char
write (u,
char

write
write
write
write
write
write
write
write

write (u,
char
(u,
(u,
(u,
(u,
(u,
(u,
(u,
(u,

write
write
write
write
write
write
write
write

*) "datarootdir = " char (os_data)datarootdir)

*) "whizard_omega_binpath =", &

(os_datajwhizard_omega_binpath)

*) "whizard_includes = "  char (os_data)whizard_includes)
*) "whizard_ldflags = ", char (os_datawhizard_ldflags)

*) "whizard_libtool = ", char (os_data)whizard_libtool)

x) "whizard_modelpath =", &

(os_datalwhizard_modelpath)

*) "whizard_models_libpath = ", &

(os_datajwhizard_modelpath)

*) "whizard_susypath = ", char (os_datalwhizard_susypath)
*) "whizard_gmlpath = ", char (os_datalwhizard_gmlpath)

x) "whizard_cutspath = ", char (os_data)whizard_cutspath)
*) "whizard_texpath = ", char (os_datalwhizard_texpath)

*) "whizard_circe2path = ", char (os_datajwhizard_circe2path)
x) "whizard_beamsimpath = ", char (os_data)whizard_beamsimpath)
*) "whizard_mulipath = ", char (os_datajwhizard_mulipath)

*) "whizard_testdatapath =", &

(os_datajwhizard_testdatapath)

*) "whizard_modelpath_local =", &

(os_datajwhizard_modelpath_local)
x) "whizard_models_libpath_local = ", &
(os_datalwhizard_models_libpath_local)

*) "whizard_omega_binpath_local =", &

(os_dataj,whizard_omega_binpath_local)

*x) "event_analysis = ", os_datalevent_analysis

*) "event_analysis_ps = ", os_datalevent_analysis_ps
x) "event_analysis_pdf = ", os_datalievent_analysis_pdf
*) "latex = ", char (os_datal%latex)

x) "mpost = ", char (os_data¥%mpost)

x) "gml = ", char (os_datalgml)

*) "dvips = ", char (os_dataldvips)

x) "ps2pdf = ", char (os_datalps2pdf)

end subroutine os_data_write

2.4.3 Dynamic linking

We define a type that holds the filehandle for a dynamically linked library

(shared object), together with functions to
access functions in this library.
(OS interface: public)+=

public :: dlaccess_

(OS interface: types)+=

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

end type dlaccess_t
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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.

The flag with value 1 is defined as RTLD_LAZY, which means to resolve sym-
bols only when they are used. The opposite would be RTLD_NOW=2 (resolve
everything immediately).

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: procedures)+=
subroutine dlaccess_init (dlaccess, prefix, libname, os_data)

type(dlaccess_t), intent(out) :: dlaccess
type(string_t), intent(in) :: prefix, libname
type(os_data_t), intent(in) :: 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)khas_error = .true.
dlaccessjerror = "Library ’" // filename // "’ not found"
return
end if
end if

dlaccessyhandle = dlopen (char (filename) // c_null_char, 1_c_int)
dlaccess)kis_open = c_associated (dlaccess’handle)
call read_dlerror (dlaccesshas_error, dlaccess’error)

end subroutine dlaccess_init

subroutine dlaccess_final (dlaccess)
type(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)
end if
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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 = dlaccessyhas_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 = dlaccessjerror
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 (dlaccess’handle, char (fname) // c_null_char)
call read_dlerror (dlaccess)has_error, dlaccesslerror)
end function dlaccess_get_c_funptr

2.4.4 Predicates

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

public :: dlaccess_is_open

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

2.4.5 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

2.4.6 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
macros for evaluating the result, so we resort to calling test as a system call.
(OS interface: public)+=

public :: os_dir_exist
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(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

2.4.7 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_datalfc // " " // &
"-c " // &
os_data%whizard_includes // " " // &
os_datajfcflags // " " // &
wow // src // os_datalfc_src_ext // "’"
else
command_string = &
os_data¥%fc // " " // &
"-c " // &
os_datajfcflags_pic // " " // &
os_data¥%whizard_includes // " " // &
os_datalfcflags // " " // &
mwn /) src // os_data¥fc_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, 1lib

type(os_data_t), intent(in) :: os_data
integer, intent(out), optional :: status
type(string_t) :: command_string
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if (os_dataluse_libtool) then
command_string = &

os_datalwhizard_libtool // " --mode=link " // &
os_data¥%fc // " " // &
"-module " // &
"-rpath /usr/local/lidb" // " " // &
os_data%fcflags // " " // &
os_datalwhizard_ldflags // " " // &
os_data%ldflags // " " // &
"-o ’" // 1lib // ".1a’ " // &
objlist

else

command_string = &

os_data%ld // " " // &
os_dataj%ldflags_so // " " // &
os_dataY%fcflags // " " // &
os_data%whizard_ldflags // " " // &
os_data%ldflags // " " // &
"-o ’" // 1ib // 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_dataluse_libtool) then
command_string = &

os_datalwhizard_libtool // " --mode=link " // &
os_data¥%fc // " " // &
"-static-libtool-1libs " // &
os_datajfcflags // " " // &
os_datay)whizard_ldflags // " " // &
os_data%ldflags // " " // &
os_data%ldflags_static // " " // &
"-o0 ’" // exec_name // "> " // &
objlist // " " // &
os_data%ldflags_hepmc

else

command_string = &

os_data)ld // " " // &
os_data¥%ldflags_so // " " // &
os_data%fcflags // " " // &
os_data¥)whizard_ldflags // " " // &
os_data¥%ldflags // " " // &
os_data%ldflags_static // " " // &
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"-o ’" // exec_name // "’ " // &
objlist // " " // &
os_data%ldflags_hepmc

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_data%use_libtool) then
filename = 1ib // ".la"
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")
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dlname = ""
end if
else
dlname = 1lib // 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 (1ib) &
// "’ 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

2.4.8 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)
integer, intent(in) :: num_threads
integer :: n_threads
n_threads = num_threads
if (openmp_is_active ()) then
if (num_threads == 1) then
write (msg_buffer, "(A,I0,A)") "OpenMP: Using ", num_threads, &
" thread"
call msg_message
n_threads = num_threads
else if (num_threads > 1) then
write (msg_buffer, "(A,I0,A)") "OpenMP: Using ", num_threads, &
" threads"
call msg_message
n_threads = num_threads
else
write (msg_buffer, "(A,I0,A)") "OpenMP: " &
// "Illegal value of openmp_num_threads (", num_threads, &
") ignored"
call msg_error
n_threads = openmp_get_default_max_threads ()
write (msg_buffer, "(A,I0,A)") "OpenMP: Using ", &
n_threads, " threads"
call msg_message
end if
if (n_threads > openmp_get_default_max_threads ()) then
write (msg_buffer, "(A,I0)") "OpenMP: " &
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// "Number of threads is greater than library default of ", &
openmp_get_default_max_threads ()
call msg_warning
end if
call openmp_set_num_threads (n_threads)
else if (num_threads /= 1) 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 subroutine openmp_set_num_threads_verbose

2.4.9 Test
(OS interface: public)+=

public :: os_interface_test

(OS interface: procedures)+=
subroutine os_interface_test ()
call os_interface_testl ()
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: procedures)+=
subroutine os_interface_testl ()
use diagnostics, only: msg_fatal !NODEP!

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 :: u

integer(c_int) :: i

call os_data_init (os_data)

fname = "so_test"

filename_src = fname // os_datal,fc_src_ext
if (os_datajuse_libtool) then

ext = ".lo"
else

ext = os_datajobj_ext
end if

filename_obj = fname // ext
libname = fname // os_data)shlib_ext
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print *, "* write source file ’so_test.f90’"

u = free_unit ()

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

write (u, "(A)") " wuse iso_c_binding"

write (u, "(A)") " integer(c_int), intent(in) :: i"
write (u, "(A)") " integer(c_int) :: j"

write (u, "(A)"™) " j =2 % i"

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

close (u)

print *, "* compile and link as ’so_test.so’"

call os_compile_shared (fname, os_data)

call os_link_shared (filename_obj, fname, os_data)

print *, "* load library ’so_test.so’"

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

print *, " success"
else

print *, " failure"
end if

print *, "* load symbol ’so_test’"
c_fptr = dlaccess_get_c_funptr (dlaccess, fname)
if (c_associated (c_fptr)) then

print *, " success"
else

print *, " failure"
end if

call c_f_procpointer (c_fptr, so_test)
print *, "* Execute function from ’so_test.so’"

i=7
print *, " dinput =", i
print *, " result =", so_test(i)

if (so_test(i) / i .ne. 2) then
call msg_fatal ("Compiling and linking ISO C functions failed.")
else
print *, "* Successful."
end if
print *, "* Cleanup"
call dlaccess_final (dlaccess)
end subroutine os_interface_testl

2.5 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!

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

(CPU time: procedures)

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

end type time_t

(CPU time: public)+=

public :: time_write

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

type(time_t), intent(in) :: time
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit)
write (u, "(A)", advance="no") "Time in seconds = "
if (time%known) then
write (u, *) time¥%value
else
write (u, *) "[unknown]"
end if
end subroutine time_write

Set the current time

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

(CPU time: procedures)+=
function time_current () result (time)
type(time_t) :: time
integer :: msecs
call system_clock (msecs)
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time)value = real (msecs) / 1000.
time%known = time%value > 0
end function time_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
end interface

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

Only time differences have a real meaning. If any input value is undefined, the
result is undefined.
(CPU time: public)+=
public :: operator(-)
(CPU time: interfaces)+=
interface operator(-)

module procedure subtract_times
end interface

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

type(time_t) :: time
type(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_beginlvalue
end if

end function subtract_times

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

public :: time_retrieve
public :: time2string_s
public :: time2string_ms

public :: time2string_hms
public :: time2string_dhms
public :: time2string
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(CPU time: interfaces)+=
interface time_retrieve
module procedure time_retrieve_s, time_retrieve_ms, time_retrieve_hms, &
time_retrieve_dhms
end interface time_retrieve

(CPU time: procedures)+=
subroutine time_retrieve_s (time, sec)
integer, intent(in) :: time
integer, intent(out) :: sec
sec = time
end subroutine time_retrieve_s

subroutine time_retrieve_ms (time, min, sec)
integer, intent(in) :: time
integer, intent(out) :: min, sec
sec = mod (time, 60)
min = time / 60
end subroutine time_retrieve_ms

subroutine time_retrieve_hms (time, hour, min, sec)
integer, intent(in) :: time
integer, intent(out) :: hour, min, sec
call time_retrieve_ms (time, min, sec)
hour = min / 60
min = mod (min, 60)
end subroutine time_retrieve_hms

subroutine time_retrieve_dhms (time, day, hour, min, sec)
integer, intent(in) :: time
integer, intent(out) :: day, hour, min, sec
call time_retrieve_hms (time, hour, min, sec)
day = hour / 24
hour = mod (hour, 24)
end subroutine time_retrieve_dhms

function time2string s (time) result (str)
integer, intent(in) :: time
type(string_t) :: str
str = int2string (time) // "s"

end function time2string_s

function time2string ms (time) result (str)

integer, intent(in) :: time
type(string_t) :: str
integer :: min, sec

call time_retrieve (time, min, sec)
str = int2string (min) // "m:" // int2string (sec) // "s"
end function time2string_ms

function time2string hms (time) result (str)

integer, intent(in) :: time
type(string_t) :: str
integer :: hour, min, sec

call time_retrieve (time, hour, min, sec)
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str = int2string (hour) // "h:" // &
int2string (min) // "m:" // int2string (sec) // "s"
end function time2string_hms

function time2string_dhms (time) result (str)

integer, intent(in) :: time
type(string_t) :: str
integer :: day, hour, min, sec

call time_retrieve (time, day, hour, min, sec)
str = int2string (day) // "d:" // int2string (hour) // "h:" // &
int2string (min) // "m:" // int2string (sec) // "s"
end function time2string_dhms

function time2string (time) result (str)

integer, intent(in) :: time
type(string_t) :: str
integer :: day, hour, min, sec

call time_retrieve (time, day, hour, min, sec)
if (day /= 0) then

str = time2string_dhms (time)
else if (hour /= 0) then

str = time2string _hms (time)
else if (min /= 0) then

str = time2string ms (time)
else

str = time2string_s (time)
end if

end function time2string

2.6 Accessing the system clock

This module is currently disabled, we are using the module above instead.
Fortran 90 provides a standard interface for the system clock. Here, we define
a record for storing the information, and higher-level functions for accessing it.

(clock.£90)=
(File header)

module clock

(Use kinds)
(Use file utils)

(Standard module head)
(Clock: public)

(Clock: types)

(Clock: interfaces)

contains
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(Clock: procedures)

end module clock

The format for storing the current date. We want to be able to store time
differences, therefore everything is converted to the time difference between
now and Jan 01 2000, 0:00. The timezone is ignored.
(Clock: public)=

public :: time_t
(Clock: types)=

type :: time_t

integer :: day = 0

integer :: hour = 0
integer :: minute = 0
integer :: second = 0
integer :: millisecond = 0

end type time_t

Write the time in readable form
(Clock: public)+=

public :: time_write

(Clock: interfaces)=
interface time_write
module procedure time_write_unit
module procedure time_write_string
end interface

The maximal time that can be written is 999 days. No way to write negative
times.

(Clock: procedures)=
subroutine time_write_unit (t, unit, advance, days, seconds, milliseconds)
type(time_t), intent(in) :: t
integer, intent(in) :: unit
character(len=*), intent(in), optional :: advance
logical, intent(in), optional :: days, seconds, milliseconds
logical :: dd, ss, ms
character(len=3) :: adv
if (present (advance)) then
adv = advance

else
adv = "yes"
end if
dd = .false.; if (present (days)) dd = days
Ss = .true.; if (present (seconds)) ss = seconds
ms = .false.; if (present (milliseconds)) ms = milliseconds

if (dd) then
write (unit, "(I3,A,1x,I2.2,A,1x,I2.2,A)", advance="no") &
thday, "d", thhour, "h", t/minute, "m"
else
write (unit, "(I5,A,1x,I2.2,A)", advance="no") &
thday * 24 + thour, "h", t/minute, "m"
end if
if (ss) then
write (unit, "(1x,I2.2)", advance="no") t%second
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if (ms) then

write (unit, "(A,I3.3,A)", advance=trim(adv)) ".", t¥millisecond, "s"
else
write (unit, "(A)", advance=trim(adv)) "s"
end if
end if

end subroutine time_write_unit

Write the time to a string. This uses a scratch file for simplicity. Non-advancing
output is not possible.

(Clock: procedures)+=
subroutine time_write_string (t, string, days, seconds, milliseconds)

type(time_t), intent(in) :: t

character(*), intent(out) :: string

logical, intent(in), optiomal :: days, seconds, milliseconds
integer :: unit

unit = free_unit ()
open (unit, status="scratch", action="readwrite")
call time_write_unit (t, unit, &
days=days, seconds=seconds, milliseconds=milliseconds)
rewind (unit)
read (unit, "(A)") string
close (unit)
end subroutine time_write_string

Set the current time to number of days, minutes, seconds, milliseconds elapsed
since Jan 1 2000. Works for dates after Jan 1 2001 until Dec 31 2099.

(Clock: public)+=
public :: time_current

(Clock: procedures)+=
function time_current () result (t)
type(time_t) :: t
integer, dimension(8) :: values
integer :: year
call date_and_time (values = values)
t4millisecond = values(8)
t/second = values(7)
t)minute = values(6)
t%hour = values(5)
! values(4) is the difference local time - GMT in minutes
t)day = values(3) - 1
select case (values(2))

case ( 1)

case ( 2); tiday = tlday + 31

case ( 3); thday = tday + 31 + 28

case ( 4); thday = tlday + 31 + 28 + 31

case ( 5); tiday = tiday + 31 + 28 + 31 + 30

case ( 6); thday = t/day + 31 + 28 + 31 + 30 + 31

case ( 7); thday = t)day + 31 + 28 + 31 + 30 + 31 + 30

case ( 8); tlday = tiday + 31 + 28 + 31 + 30 + 31 + 30 + 31

case ( 9); thday = t/day + 31 + 28 + 31 + 30 + 31 + 30 + 31 + 31
case (10); tiday = t)day + 31 + 28 + 31 + 30 + 31 + 30 + 31 + 31 + 30
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case (11); t¥day

case (12); tlday

end select

year = values(1) - 2000

if (year < 1) return

thday = tiday + 365 * year + ((year-1) / 4 + 1)

if (mod (year, 4) == 0 .and. values(2) > 2) tlday = tlday + 1
end function time_current

t/hday + 31 + 28 + 31 + 30 + 31 + 30 + 31 + 31 + 30 + 31
t/day + 31 + 28 + 31 + 30 + 31 + 30 + 31 + 31 + 30 + 31 + 30

Convert from and to seconds

(Clock: public)+=
public :: time_to_seconds, time_from_seconds

(Clock: procedures)+=
function time_to_seconds (t) result (s)
type(time_t), intent(in) :: t
real (kind=default) :: s
s = tymillisecond / 1000._default &
+ t%second &
+ 60._default * (t/minute &
+ 60._default * (thhour &
+ 24._default * tlday))
end function time_to_seconds

(Clock: procedures)+=

function time_from_seconds (s) result (t)
real (kind=default), intent(in) :: s
type(time_t) :: t
t%millisecond = s * 1000
t%second = t¥millisecond / 1000
t¥millisecond = mod (t¥millisecond, 1000)
t%minute = t¥%second / 60
t%second = mod (tY%second, 60)
t%hour = t¥%minute / 60
t%minute = mod (t%minute, 60)
thday = thhour / 24
thhour = mod (t%hour, 24)

end function time_from_seconds

Add and subtract times

(Clock: public)+=
public :: operator(+), operator(-)

(Clock: interfaces)+=
interface operator(+)
module procedure time_add
end interface
interface operator(-)
module procedure time_subtract
end interface

(Clock: procedures)+=
function time_add (t1, t2) result (t)
type(time_t), intent(in) :: t1, t2
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type(time_t) :: t
ty4millisecond = t1)millisecond + t2%millisecond
t/second = ti)second + t2Jsecond
t/minute = t1/minute + t2)minute
t%hour = ti1%hour + t2%hour
t/day = tilday + t2)day
if (t%millisecond > 999) then
thsecond = tisecond + t%millisecond / 1000
t4millisecond = modulo (t%millisecond, 1000)
end if
if (t%second > 59) then
t/minute = tYminute + tY%second / 60
t/second = modulo (t¥%second, 60)
end if
if (t%minute > 59) then
t%hour = t%hour + t¥%minute / 60
t%minute = modulo (t%minute, 60)
end if
if (t%hour > 23) then
t/day = tiday + thhour / 24
t%hour = modulo (t%hour, 24)
end if
end function time_add

This works for positive difference only, the first time must be later than the
second. Otherwise, the number of days is set to zero.

(Clock: procedures)+=
function time_subtract (t1, t2) result (t)
type(time_t), intent(in) :: t1, t2
type(time_t) :: t
t4millisecond = ti1%millisecond - t2%millisecond
t/second = ti1Ysecond - t2Jsecond
t%minute = ti1%minute - t2%minute
t%hour = ti1%hour - t2%hour
t/day = tilday - t2lday
if (t¥millisecond < 0) then
t%second = t¥second - 1 + t¥millisecond / 1000
t¥millisecond = modulo (t%millisecond, 1000)
end if
if (t%second < 0) then
t/%minute = t¥minute - 1 + t¥%second / 60
t%second = modulo (t%second, 60)
end if
if (t%minute < 0) then
thhour = t%hour - 1 + t¥%minute / 60
t/minute = modulo (t¥%minute, 60)
end if
if (t%hour < 0) then
thday = tlday - 1 + thhour / 24
t%hour = modulo (t%hour, 24)
end if
if (t/day < 0) then
t/day = 0
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end if
end function time_subtract

Compare times
(Clock: public)+=

public :: operator(==
public :: operator(<), operator(>)
public :: operator(<=), operator (>=)

(Clock: interfaces)+=
interface operator (==
module procedure time_equal
end interface
interface operator (<)
module procedure time_less_than
end interface
interface operator(>)
module procedure time_greater_than
end interface
interface operator(<=)
module procedure time_less_equal
end interface
interface operator (>=)
module procedure time_greater_equal
end interface

(Clock: procedures)+=
function time_equal (t1, t2) result (equal)
type(time_t), intent(in) :: t1, t2
logical :: equal
equal = (tllday==t2/day) .and. (tl)hour==t2jhour) .and. &
(t1/minute==t2Yminute) .and. (tl%second==t2jsecond) .and.
(t1/millisecond==t2%millisecond)
end function time_equal

(Clock: procedures)+=
function time_less_than (t1, t2) result (less)

type(time_t), intent(in) :: t1, t2
logical :: less
if (t1l%day < t2¥day) then

less = .true.

else if (tllday == t2Jday) then
if (ti1%hour < t2%hour) then
less = .true.
else if (t1%hour == t2)hour) then
if (t1/minute < t2%minute) then
less = .true.
else if (t1%minute == t2¥minute) then
if (t1%second < t2%second) then
less = .true.
else if (ti1%second == t2Ysecond) then
if (t1%millisecond < t2%millisecond) then
less = .true.
else
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less = .false.
end if
else
less = .false.
end if
else
less = .false.
end if
else
less = .false.
end if
else
less = .false.
end if
end function time_less_than

(Clock: procedures)+=
function time_greater_than (t1, t2) result (greater)
type(time_t), intent(in) :: t1, t2
logical :: greater
greater = time_less_than (t2, t1)
end function time_greater_than

(Clock: procedures)+=
function time_less_equal (tl, t2) result (less_equal)
type(time_t), intent(in) :: t1, t2
logical :: less_equal
less_equal = time_equal (t1l, t2) .or. time_less_than (t1, t2)
end function time_less_equal

(Clock: procedures)+=
function time_greater_equal (t1, t2) result (greater_equal)
type(time_t), intent(in) :: t1, t2
logical :: greater_equal
greater_equal = time_equal (tl, t2) .or. time_greater_than (tl1l, t2)
end function time_greater_equal

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)=
(File header)

module hashes

use kinds, only: i8, i32 !NODEP!
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(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)

integer(i8), dimension(:), intent(in) :: key
integer(i32) :: hash

integer :: i

hash = 0

do i = 1, size (key)

hash = hash + key(i)

hash = hash + ishft (hash, 10)

hash = ieor (hash, ishft (hash, -6))
end do

hash = hash + ishft (hash, 3)
hash = ieor (hash, ishft (hash, -11))
hash = hash + ishft (hash, 15)

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
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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, *) dataji

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

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
hashtableln_entries_max = size * fill_ratio
hashtable)mask = size - 1
allocate (hashtablelentry (O:hashtable)mask))

end subroutine hashtable_init
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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, hashtableVmask
if (associated (hashtablelentry(i)%data)) then
call hash_data_final (hashtablelentry(i)%data)
deallocate (hashtablejentry(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, hashtableVmask
if (associated (hashtablelentry(i)%data)) then
write (u, *) i, "(hash =", hashtablelentry(i)’hashval, ")", &
hashtablelentry (i) %key
call hash_data_write (hashtablelentry(i)%data, 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
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)+=
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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:hashtable)mask))
table_tmp = hashtablelentry
deallocate (hashtablelentry)
s = 2 * size (table_tmp)
hashtableln_entries = 0
hashtablen_entries_max = s * hashtable)fill_ratio
hashtableymask = s - 1
allocate (hashtablelentry (O:hashtablelmask))
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, hashtableYmask)
if (associated (hashtablelentry(i)jdata)) 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
else
hashtablejentry(i)%hashval = hashval
allocate (hashtablelentry(i)jkey (size (key)))
hashtablelentry(i)%key = key
hashtablejentry(i)’data => data
hashtable/n_entries = hashtable)in_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
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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)%data)) then
if (size (hashtablelentry(i)jkey) == 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 O
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

integer(i8) :: i
call hashtable_init (hashtable, 16, 0.25)
do i=1, 10

allocate (data)

dataji = i*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
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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
print *, "lookup: --"
end if
call hashtable_final (hashtable)
end subroutine hashtable_test

2.8 Message and signal handling

We are not so ambitious as to do proper exception handling in WHIZARD, but
at least it may be useful to have a common interface for diagnostics: Results,
messages, warnings, and such. As module variables we keep a buffer where
the current message may be written to and a level indicator which tells which
messages should be written on screen and which ones should be skipped. Alter-
natively, a string may be directly supplied to the message routine: this overrides
the buffer, avoiding the necessety of formatted I/O in trivial cases.
(diagnostics.£90)=
(File header)

module diagnostics
use iso_c_binding !NODEP!
use system_dependencies !NODEP!
(Use kinds)
(Use strings)
use limits, only: BUFFER_SIZE, MAX_ERRORS !NODEP!
use file_utils !NODEP!
use iso_fortran_env, only: &
stdout => output_unit, stdin => input_unit !NODEP!
(Standard module head)
(Diagnostics: public)
(Diagnostics: parameters)
(Diagnostics: types)
(Diagnostics: variables)

(Diagnostics: interfaces)

contains
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(Diagnostics: procedures)

end module diagnostics
Diagnostics levels:
(Diagnostics: parameters)=
integer, parameter :: &
& TERMINATE=-2, BUG=-1, &
& FATAL=1, ERROR=2, WARNING=3, MESSAGE=4, RESULT=5, DEBUG=6
(Diagnostics: variables)=
integer, save :: msg_level = RESULT

Mask fatal errors so that are treated as normal errors. Useful for interactive
mode.
(Diagnostics: publicy=
public :: mask_fatal_errors
(Diagnostics: variables)+=
logical, save :: mask_fatal_errors = .false.

How to handle bugs and unmasked fatal errors. Either execute a normal stop
statement, or call the C exit() function, or try to cause a program crash by
dereferencing a null pointer.

(Diagnostics: pammeters) +=
integer, parameter :: TERM_STOP = O, TERM_EXIT = 1, TERM_CRASH = 2

(Diagnostics: variables)+=
integer, save :: handle_fatal_errors = TERM_EXIT

Keep track of errors. This might be used for exception handling, later. The
counter is incremented only for screen messages, to avoid double counting.
(Diagnostics: public)+=

public :: msg_count

(Diagnostics: variables)+=
integer, dimension(TERMINATE:DEBUG), save :: msg_count = 0

Keep a list of all errors and warnings. Since we do not know the number of
entries beforehand, we use a linked list.
(Diagnostics: types)=
type :: string_list
character(len=BUFFER_SIZE) :: string
type(string_list), pointer :: next
end type string_list
type :: string_list_pointer
type(string_list), pointer :: first, last
end type string_list_pointer

(Diagnostics: variables)+=
type(string_list_pointer), dimension(TERMINATE:WARNING), save :: &
& msg_list = string_list_pointer (null(), null())
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Add the current message buffer contents to the internal list.
(Diagnostics: procedures)=
subroutine msg_add (level)
integer, intent(in) :: level
type(string_list), pointer :: message
select case (level)
case (TERMINATE:WARNING)
allocate (message)
message),;string = msg_buffer
nullify (message¥next)
if (.not.associated (msg_list(level)’first)) &
& msg_list(level)’first => message
if (associated (msg_list(level)¥last)) &
& msg_list(level))lastinext => message
msg_list(level)’last => message
msg_count (level) = msg_count(level) + 1
end select
end subroutine msg_add

Initialization:
(Diagnostics: public)+=
public :: msg_list_clear

(Diagnostics: procedures)+=
subroutine msg_list_clear
integer :: level
type(string_list), pointer :: message
do level = TERMINATE, WARNING
do while (associated (msg_list(level)’first))
message => msg_list(level)first
msg_list(level)first => messagelnext
deallocate (message)
end do
nullify (msg_list(level)ilast)
end do
msg_count = 0
end subroutine msg_list_clear

Display the summary of errors and warnings (no need to count fatals. .. )
(Diagnostics: public)+=
public :: msg_summary

(Diagnostics: procedures)+=
subroutine msg_summary (unit)
integer, intent(in), optional :: unit
call expect_summary (unit)
1 format (A,1x,I2,1x,A,I2,1x,A)
if (msg_count(ERROR) > O .and. msg_count (WARNING) > 0) then
write (msg_buffer, 1) "There were", &
& msg_count (ERROR), "error(s) and ", &
& msg_count (WARNING), "warning(s)."
call msg_message (unit=unit)
else if (msg_count(ERROR) > 0) then
write (msg_buffer, 1) "There were", &
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& msg_count (ERROR), "error(s) and no warnings."
call msg_message (unit=unit)
else if (msg_count(WARNING) > 0) then
write (msg_buffer, 1) "There were no errors and ", &
& msg_count (WARNING), "warning(s)."
call msg_message (unit=unit)
end if
end subroutine msg_summary

Print the list of all messages of a given level.
(Diagnostics: public)+=
public :: msg_listing

(Diagnostics: procedures)+=
subroutine msg_listing (level, unit, prefix)

integer, intent(in) :: level

integer, intent(in), optional :: unit
character(len=%), intent(in), optional :: prefix
type(string_list), pointer :: message

integer :: u

u = output_unit (unit); if (u < 0) return
if (present (unit)) u = unit
message => msg_list(level)/first
do while (associated (message))
if (present (prefix)) then
write (u, "(A)") prefix // trim (messagelstring)

else
write (u, "(A)") trim (messagelstring)
end if
message => messagelnext
end do
flush (uw)

end subroutine msg_listing

There is a hard limit on the line length which we should export. This buffer
size is used both by the message handler and by the lexer below.

(Limits: public parameters)4+=
integer, parameter, public :: BUFFER_SIZE = 1000

The message buffer:
(Diagnostics: public)+=
public :: msg_buffer
(Diagnostics: variables)+=
character(len=BUFFER_SIZE), save :: msg_buffer = " "
After a message is issued, the buffer should be cleared:

(Diagnostics: procedures)+=
subroutine buffer_clear
msg_buffer = " "
end subroutine buffer_clear
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The generic handler for messages. If the unit is omitted (or = 6), the message is
written to standard output if the precedence if sufficiently high (as determined
by the value of msg_level). If the string is omitted, the buffer is used. In
any case, the buffer is cleared after printing. In accordance with FORTRAN
custom, the first column in the output is left blank. For messages and warnings,
an additional exclamation mark and a blank is prepended. Furthermore, each
message is appended to the internal message list (without prepending anything).
(Diagnostics: procedures)+=
subroutine message_print (level, string, str_arr, unit, logfile)

integer, intent(in) :: level
character(len=+), intent(in), optional :: string
type(string_t), dimension(:), intent(in), optional :: str_arr
integer, intent(in), optional :: unit
logical, intent(in), optional :: logfile
type(string_t) :: prep_string, aux_string, head_footer
integer :: 1lu, i
logical :: severe, is_error
severe = .false.
head_footer = Mskskokokskokokokokokokokokok ook ok ko sk sk sk ok sk ok ok ok ok ok ok sk o ok sk sk sk ok sk ok sk ok ok ok ok sk o sk sk sk sk sk sk ok sk ok o ok o sk o ok o sk o
aux_string = ""
is_error = .false.

! integer :: proc_id

! call mpi90_rank (proc_id)
[ if (proc_id==WHIZARD_ROOT) then
select case (level)
case (TERMINATE)
prep_string =
case (BUG)
prep_string = "xx*x WHIZARD BUG: "
aux_string = okk

severe = .true.
is_error = .true.
case (FATAL)
prep_string = "xx*x FATAL ERROR: "
aux_string = kokk
severe = .true.
is_error = .true.
case (ERROR)
prep_string = "x** ERROR: "

aux_string = "*xxx "
is_error = .true.

case (WARNING)
prep_string = "Warning: "

case (MESSAGE, DEBUG)

prep_string = "| "
case default

prep_string = ""
end select
if (present(string)) msg_buffer = string
Iu = log_unit
if (present(unit)) then

if (unit /= stdout) then

if (severe) write (unit, "(A)") char(head_footer)

56



if (is_error) write (unit, "(A)") char(head_footer)
write (unit, "(A,A)") char(prep_string), trim(msg_buffer)
if (present (str_arr)) then
do i =1, size(str_arr)
write (unit, "(A,A)") char(aux_string), char(trim(str_arr(i)))
end do
end if
if (is_error) write (unit, "(A)") char(head_footer)
if (severe) write (unit, "(A)") char(head_footer)
flush (unit)
lu = -1
else if (level <= msg_level) then
if (severe) print "(A)", char(head_footer)
if (is_error) print "(A)", char(head_footer)
print "(A,A)", char(prep_string), trim(msg_buffer)
if (present (str_arr)) then
do i = 1, size(str_arr)
print "(A,A)", char(aux_string), char(trim(str_arr(i)))
end do
end if
if (is_error) print "(A)", char(head_footer)
if (severe) print "(A)", char(head_footer)
flush (stdout)
if (unit == log_unit) 1lu = -1
end if
else if (level <= msg_level) then
if (severe) print "(A)", char(head_footer)
if (is_error) print "(A)", char(head_footer)
print "(A,A)", char(prep_string), trim(msg_buffer)
if (present (str_arr)) then
do i =1, size(str_arr)
print "(A,A)", char(aux_string), char(trim(str_arr(i)))
end do
end if
if (is_error) print "(A)", char(head_footer)
if (severe) print "(A)", char(head_footer)
flush (stdout)
end if
if (present (logfile)) then
if (.not. logfile) 1lu = -1
end if
if (lu >= 0) then
if (severe) write (lu, "(A)") char(head_footer)
if (is_error) write (lu, "(A)") char(head_footer)
write (lu, "(A,A)") char(prep_string), trim(msg_buffer)
if (present (str_arr)) then
do i = 1, size(str_arr)
write (lu, "(A,A)") char(aux_string), char(trim(str_arr(i)))
end do
end if
if (is_error) write (lu, "(A)") char(head_footer)
if (severe) write (lu, "(A)") char(head_footer)
flush (1lu)
end if
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! end if
call msg_add (level)
call buffer_clear
end subroutine message_print

The specific handlers. In the case of fatal errors, bugs (failed assertions) and
normal termination execution is stopped. For non-fatal errors a message is
printed to standard output if no unit is given. Only if the number of MAX_ERRORS
errors is reached, we abort the program. There are no further actions in the
other cases, but this may change.

(Diagnostics: public)+=

public :: msg_terminate
public :: msg_bug, msg_fatal, msg_error, msg_warning
public :: msg_message, msg_result, msg_debug

(Diagnostics: procedures)+=
subroutine msg_terminate (string, unit, quit_code)

integer, intent(in), optional :: unit
character(len=%), intent(in), optional :: string
integer, intent(in), optional :: quit_code
integer(c_int) :: return_code

call release_term_signals ()
if (present (quit_code)) then

return_code = quit_code
else

return_code
end if
if (present (string)) &

call message_print (MESSAGE, string, unit=unit)

call msg_summary (unit)
if (return_code == 0 .and. expect_failures /= 0) then

return_code = 5

call message_print (MESSAGE, &

"WHIZARD run finished with ’expect’ failure(s).", unit=unit)

0

else

call message_print (MESSAGE, "WHIZARD run finished.", unit=unit)
end if
call message_print (0, &

"
call logfile_final ()
if (return_code /= 0) then
call exit (return_code)
else
stop
end if
end subroutine msg_terminate

subroutine msg_bug (string, arr, unit)

integer, intent(in), optional :: unit

character(len=+), intent(in), optional :: string
type(string_t), dimension(:), intent(in), optional :: arr
logical, pointer :: crash_ptr

call message_print (BUG, string, arr, unit)
call msg_summary (unit)
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select case (handle_fatal_errors)

case (TERM_EXIT)
call message_print (TERMINATE, "WHIZARD run aborted.", unit=unit)
call exit (-1_c_int)

case (TERM_CRASH)
print *, "s**x Intentional crash xxx"
crash_ptr => null ()
print *, crash_ptr

end select

stop "WHIZARD run aborted."

end subroutine msg_bug

recursive subroutine msg_fatal (string, arr, unit)

integer, intent(in), optional :: unit

character(len=*), intent(in), optional :: string
type(string_t), dimension(:), intent(in), optional :: arr
logical, pointer :: crash_ptr

if (mask_fatal_errors) then
call msg_error (string, arr, unit)
else
call message_print (FATAL, string, arr, unit)
call msg_summary (unit)
select case (handle_fatal_errors)
case (TERM_EXIT)
call message_print (TERMINATE, "WHIZARD run aborted.", unit=unit)
call exit (1_c_int)
case (TERM_CRASH)
print *, "s%* Intentional crash **x"
crash_ptr => null ()
print *, crash_ptr
end select
stop "WHIZARD run aborted."
end if
end subroutine msg_fatal

subroutine msg_error (string, arr, unit)

integer, intent(in), optional :: unit
character(len=*), intent(in), optional :: string
type(string_t), dimension(:), intent(in), optional :: arr

call message_print (ERROR, string, arr, unit)
if (msg_count(ERROR) >= MAX_ERRORS) then
mask_fatal_errors = .false.
call msg_fatal (" Too many errors encountered.")
else if (.not.present(unit) .and. .not.mask_fatal_errors) then
call message_print (MESSAGE, " (WHIZARD run continues)")
end if
end subroutine msg_error

subroutine msg_warning (string, arr, unit)

integer, intent(in), optional :: unit
character(len=+), intent(in), optional :: string
type(string_t), dimension(:), intent(in), optional :: arr

call message_print (WARNING, string, arr, unit)
end subroutine msg_warning
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subroutine msg_message (string, unit, arr, logfile)
integer, intent(in), optional :: unit
character(len=+), intent(in), optional :: string

type(string_t), dimension(:), intent(in), optional ::

logical, intent(in), optional :: logfile

arr

call message_print (MESSAGE, string, arr, unit, logfile)

end subroutine msg_message

subroutine msg_result (string, arr, unit, logfile)
integer, intent(in), optional :: unit
character(len=%), intent(in), optional :: string

type(string_t), dimension(:), intent(in), optional ::

logical, intent(in), optional :: logfile

arr

call message_print (RESULT, string, arr, unit, logfile)

end subroutine msg_result

subroutine msg_debug (string, arr, unit)
integer, intent(in), optional :: unit
character(len=*), intent(in), optional :: string

type(string_t), dimension(:), intent(in), optional ::

call message_print (DEBUG, string, arr, unit)
end subroutine msg_debug

Interface to the standard clib exit function

(Diagnostics: interfaces)=

interface
subroutine exit (status) bind (C)
use iso_c_binding !NODEP!
integer(c_int), value :: status
end subroutine exit
end interface

arr

(Limits: public parameters)4+=
integer, parameter, public :: MAX_ERRORS = 10

Print the WHIZARD banner:

(Diagnostics: public)+=
public :: msg_banner

(Diagnostics: procedures)+=
subroutine msg_banner (unit)
integer, intent(in), optional :: unit
integer :: n_proc

call message_print (0, "|
call message_print (0, "|
call message_print (0, "| WW WW
call message_print (0, "| Ww Ww Ww
call message_print (0, "| WW WW WW WW
call message_print (0, "| WWWW  WWWW
call message_print (0, "| Ww Ww
call message_print (0, "|

call message_print (0, "|

call message_print (0, "|
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call message_print (0, "| sW

call message_print (0, "| Ww

call message_print (0, "| sWW

call message_print (0, "| WWW

call message_print (0, "| wWWW

call message_print (0, "| wWWWW

call message_print (0, "| WW WW

call message_print (0, "| WW WW

call message_print (0, "| wWW WW

call message_print (0, "| wWW  WW

call message_print (0, "| WWoWW

call message_print (0, "| WW o WW

call message_print (0, "| WW Ww

call message_print (0, "| Ww Ww

call message_print (0, "| WW Ww

call message_print (0, "| Ww Ww

call message_print (0, "| WWWWWW Ww Ww

call message_print (0, "| WWWWWww Ww Ww

call message_print (0, "| WWWWWwwwww  WW Ww

call message_print (0, "| WWWWwwwwwWW Ww

call message_print (0, "| WWWWWWWWWWWwWWW WW

call message_print (0, "| WWWWWW wW WWWWWWW

call message_print (0, "| WWWW wW WW wWWWWWWWwww
call message_print (0, "| WWWW WWWWWWWWwwww
call message_print (0, "| WWWW WWWW WWw
call message_print (0, "| WWWWww WWWW
call message_print (0, "| WWWwwww WWWW
call message_print (0, "| WWWWWwww WWWWWW
call message_print (0, "| WowwwwwwwWWW

call message_print (0, "|
call message_print (0, "|
call message_print (0, "|

call message_print (0, "| by: Wolfgang Kilian <kilian@physik.uni-siegen.de>

call message_print (0, "| Thorsten Ohl <ohl@physik.uni-wuerzburg.de>

call message_print (0, "| Juergen Reuter <juergen.reuter@desy.de>

call message_print (0, "| Christian Speckner <christian.speckner@physik.uni-freiburg.de
call message_print (0, "|

call message_print (0, "| if you use WHIZARD please cite:

call message_print (0, "| W. Kilian, T. Ohl, J. Reuter, Eur.Phys.J.C71 (2011) 1742
call message_print (0, "| [arXiv: 0708.4233 [hep-phl]
call message_print (0, "| M. Moretti, T. Ohl, J. Reuter, arXiv: hep-ph/0102195

call message_print (0, "|
call message_print (0, "|
call message_print (0, "| WHIZARD " // WHIZARD_VERSION, unit=uni
call message_print (0, "|
end subroutine msg_banner

2.8.1 Logfile

All screen output should be duplicated in the logfile, unless requested otherwise.

(Diagnostics: variables)+=
integer, save :: log_unit = -1
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(Diagnostics: public)+=
public :: logfile_init
(Diagnostics: procedures)+=
subroutine logfile_init (filename)
type(string_t), intent(in) :: filename
call msg_message ("Writing log to ’" // char (filename) // "’")
log_unit = free_unit ()
open (file = char (filename), unit = log_unit, &
action = "write", status = "replace")
end subroutine logfile_init

(Diagnostics: public)+=
public :: logfile_final
(Diagnostics: procedures)+=
subroutine logfile_final ()
if (log_unit >= 0) then
close (log_unit)
log_unit = -1
end if
end subroutine logfile_final

This returns the valid logfile unit only if the default is write to screen, and if
logfile is not set false.
(Diagnostics: public)+=
public :: logfile_unit
(Diagnostics: procedures)+=
function logfile_unit (unit, logfile)

integer :: logfile_unit
integer, intent(in), optional :: unit
logical, intent(in), optional :: logfile

if (present (unit)) then
if (unit == stdout) then
logfile_unit = log_unit
else
logfile_unit = -1
end if
else if (present (logfile)) then
if (logfile) then
logfile_unit = log_unit

else
logfile_unit = -1
end if
else
logfile_unit = log_unit
end if

end function logfile_unit

2.8.2 Checking values

The expect function does not just check a value for correctness (actually, it
checks if a logical expression is true); it records its result here. If failures are
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present when the program terminates, the exit code is nonzero.
(Diagnostics: variables)+=

integer, save :: expect_total = 0

integer, save :: expect_failures = 0

(Diagnostics: public)+=
public :: expect_record

(Diagnostics: procedures)+=
subroutine expect_record (success)
logical, intent(in) :: success
expect_total = expect_total + 1
if (.not. success) expect_failures = expect_failures + 1
end subroutine expect_record

(Diagnostics: public)+=
public :: expect_clear

(Diagnostics: procedures)+=
subroutine expect_clear ()
expect_total = 0
expect_failures = 0
end subroutine expect_clear

(Diagnostics: public)+=
public :: expect_summary

(Diagnostics: procedures)+=
subroutine expect_summary (unit)

integer, intent(in), optional :: unit
if (expect_total /= 0) then
call msg_message ("Summary of value checks:", unit)
write (msg_buffer, "(2x,A,1x,I0,1x,A,1x,A,1x,I0)") &
"Failures:", expect_failures, "/", "Total:", expect_total
call msg_message (unit=unit)
end if

end subroutine expect_summary

Helpers for converting integers into strings with minimal length.
(Diagnostics: public)+=

public :: int2string

public :: int2char

(Diagnostics: procedures)+=
pure function int2fixed (i) result (c)

integer, intent(in) :: i
character(200) :: c
c = "n

write (c, *) i
c = adjustl (c)
end function int2fixed

pure function int2string (i) result (s)
integer, intent(in) :: i
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type (string_t) :: s
s = trim (int2fixed (1))
end function int2string

pure function int2char (i) result (c)
integer, intent(in) :: i
character(len (trim (int2fixed (i)))) :: c
¢ = int2fixed (i)

end function int2char

Dito for reals.

(Diagnostics: public)+=
public :: real2string
public :: real2char

(Diagnostics: interfaces)+=
interface real2string
module procedure real2string_list, real2string_fmt
end interface
interface real2char
module procedure real2char_list, real2char_fmt
end interface

(Diagnostics: procedures)+=
pure function real2fixed (x, fmt) result (c)

real (default), intent(in) :: x
character(*), intent(in), optional :: fmt
character(200) :: c

c = "n

write (c, *) x
c = adjustl (c)
end function real2fixed

pure function real2fixed_fmt (x, fmt) result (c)

real(default), intent(in) :: x
character(x), intent(in) :: fmt
character(200) :: c

c = "n

write (c, fmt) x
c = adjustl (c)
end function real2fixed_fmt

pure function real2string_list (x) result (s)
real (default), intent(in) :: x
type(string_t) :: s
s = trim (real2fixed (x))

end function real2string_list

pure function real2string_fmt (x, fmt) result (s)
real (default), intent(in) :: x
character(x), intent(in) :: fmt
type(string_t) :: s
s = trim (real2fixed_fmt (x, fmt))
end function real2string_fmt
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pure function real2char_list (x) result (c)
real (default), intent(in) :: x
character(len_trim (real2fixed (x))) :: c
c = real2fixed (x)

end function real2char_list

pure function real2char_fmt (x, fmt) result (c)

real (default), intent(in) :: x
character(x), intent(in) :: fmt
character(len_trim (real2fixed_fmt (x, fmt))) :: c

c = real2fixed_fmt (x, fmt)
end function real2char_fmt

Dito for complex values; we do not use the slightly ugly FORTRAN output form
here but instead introduce our own.
(Diagnostics: public)+=
public :: cmplx2string
! Ifort and Portland seem to have problems with this -> temporarily disable it
! public :: cmplx2char

(Diagnostics: procedures)+=
pure function cmplx2string (x) result (s)
complex(default), intent(in) :: x
type(string_t) :: s
s = real2string (real (x, default))
if (aimag (x) /= 0) s =s // " + " // real2string (aimag (x)) // " I"
end function cmplx2string

pure function cmplx2char (x) result (c)
complex(default), intent(in) :: x
character(len (char (cmplx2string (x)))) :: ¢
¢ = char (cmplx2string (x))

end function cmplx2char

2.8.3 Signal handling

Killing the program by external signals may leave the files written by it in an
undefined state. This can be avoided by catching signals and deferring program
termination. Instead of masking only critical sections, we choose to mask signals
globally (done in the main program) and terminate the program at predefined
checkpoints only. Checkpoints are after each command, within the sampling
function (so the program can be terminated after each event), and after each
iteration in the phase-space generation algorithm.

Signal handling is done via a C interface to the sigaction system call.
When a signal is raised that has been masked by the handler, the corresponding
variable is set to the value of the signal. The variables are visible from the C
signal handler.

The signal SIGINT is for keyboard interrupt (ctrl-C), SIGTERM is for sys-
tem interrupt, e.g., at shutdown. The SIGXCPU and SIGXFSZ signals may be
issued by batch systems.

(Diagnostics: public)+=
public :: wo_sigint
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public :: wo_sigterm
public :: wo_sigxcpu
public :: wo_sigxfsz

(Diagnostics: variables)+=
integer(c_int), bind(C), volatile :: wo_sigint = 0

integer(c_int), bind(C), volatile :: wo_sigterm = 0
integer(c_int), bind(C), volatile :: wo_sigxcpu = 0
integer(c_int), bind(C), volatile :: wo_sigxfsz = 0

Here are the interfaces to the C functions. The routine mask_term_signals
forces termination signals to be delayed. release_term_signals restores nor-
mal behavior. However, the program can be terminated anytime by calling
terminate_now_if_signal which inspects the signals and terminates the pro-
gram if requested..
(Diagnostics: public)+=

public :: mask_term_signals

(Diagnostics: procedures)+=
subroutine mask_term_signals ()
integer(c_int) :: status
logical :: ok
wo_sigint = 0
ok = wo_mask_sigint () ==
if (.not. ok) call msg_error ("Masking SIGINT failed")
wo_sigterm = 0O
ok = wo_mask_sigterm () == 0
if (.not. ok) call msg_error ("Masking SIGTERM failed")
wo_sigxcpu = 0
ok = wo_mask_sigxcpu () == 0
if (.not. ok) call msg_error ("Masking SIGXCPU failed")
wo_sigxfsz = 0
ok = wo_mask_sigxfsz () ==
if (.not. ok) call msg_error ("Masking SIGXFSZ failed")
end subroutine mask_term_signals

(Diagnostics: interfaces)+=
interface
integer(c_int) function wo_mask_sigint () bind(C)
import
end function wo_mask_sigint
end interface
interface
integer(c_int) function wo_mask_sigterm () bind(C)
import
end function wo_mask_sigterm
end interface
interface
integer(c_int) function wo_mask_sigxcpu () bind(C)
import
end function wo_mask_sigxcpu
end interface
interface
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integer(c_int) function wo_mask_sigxfsz () bind(C)
import
end function wo_mask_sigxfsz
end interface

(Diagnostics: public)+=
public :: release_term_signals

(Diagnostics: procedures)+=
subroutine release_term_signals ()
integer(c_int) :: status
logical :: ok

ok = wo_release_sigint () ==

if (.not. ok) call msg_error ("Releasing SIGINT failed")
ok = wo_release_sigterm () == 0

if (.not. ok) call msg_error ("Releasing SIGTERM failed")
ok = wo_release_sigxcpu O =0

if (.not. ok) call msg_error ("Releasing SIGXCPU failed")
ok = wo_release_sigxfsz () == 0

if (.not. ok) call msg_error ("Releasing SIGXFSZ failed")
end subroutine release_term_signals

(Diagnostics: interfaces)+=
interface
integer(c_int) function wo_release_sigint () bind(C)
import
end function wo_release_sigint
end interface
interface
integer(c_int) function wo_release_sigterm () bind(C)
import
end function wo_release_sigterm
end interface
interface
integer(c_int) function wo_release_sigxcpu () bind(C)
import
end function wo_release_sigxcpu
end interface
interface
integer(c_int) function wo_release_sigxfsz () bind(C)
import
end function wo_release_sigxfsz
end interface

(Diagnostics: public)+=
public :: terminate_now_if_signal

(Diagnostics: procedures)+=
subroutine terminate_now_if_signal ()
if (wo_sigint /= 0) then
call msg_terminate ("Signal SIGINT (keyboard interrupt) received.", &
quit_code=int (wo_sigint))
else if (wo_sigterm /= 0) then
call msg_terminate ("Signal SIGTERM (termination signal) received.", &
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quit_code=int (wo_sigterm))
else if (wo_sigxcpu /= 0) then
call msg_terminate ("Signal SIGXCPU (CPU time limit exceeded) received.", &
quit_code=int (wo_sigxcpu))
else if (wo_sigxfsz /= 0) then
call msg_terminate ("Signal SIGXFSZ (file size limit exceeded) received.", &
quit_code=int (wo_sigxfsz))
end if
end subroutine terminate_now_if_signal

2.9 C wrapper for sigaction

This implements calls to sigaction and the appropriate signal handlers in C.

(signal_interface.c)=
/*
(File header)
*/
#include <signal.h>
#include <stdlib.h>

extern int wo_sigint;
extern int wo_sigterm;
extern int wo_sigxcpu;
extern int wo_sigxfsz;

static void wo_handler_sigint (int sig) {
wo_sigint = sig;

}

static void wo_handler_sigterm (int sig) {
wo_sigterm = sig;

}

static void wo_handler_sigxcpu (int sig) {
wo_sigxcpu = sig;

}

static void wo_handler_sigxfsz (int sig) {
wo_sigxfsz = sig;

}

int wo_mask_sigint () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = 0;
sa.sa_mask = blocks;
sa.sa_handler = wo_handler_sigint;
return sigaction(SIGINT, &sa, NULL);
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int wo_mask_sigterm () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = 0;
sa.sa_mask = blocks;
sa.sa_handler = wo_handler_sigterm;
return sigaction(SIGTERM, &sa, NULL);

int wo_mask_sigxcpu () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = 0;
sa.sa_mask = blocks;
sa.sa_handler = wo_handler_sigxcpu;
return sigaction(SIGXCPU, &sa, NULL);

int wo_mask_sigxfsz () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = O;
sa.sa_mask = blocks;
sa.sa_handler = wo_handler_sigxfsz;
return sigaction(SIGXFSZ, &sa, NULL);

int wo_release_sigint () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = 0;
sa.sa_mask = blocks;
sa.sa_handler = SIG_DFL;
return sigaction(SIGINT, &sa, NULL);

int wo_release_sigterm () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = 0;
sa.sa_mask = blocks;
sa.sa_handler = SIG_DFL;
return sigaction(SIGTERM, &sa, NULL);

int wo_release_sigxcpu () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
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sa.sa_flags = O;

sa.sa_mask = blocks;

sa.sa_handler = SIG_DFL;

return sigaction(SIGXCPU, &sa, NULL);

int wo_release_sigxfsz () {
struct sigaction sa;
sigset_t blocks;
sigfillset (&blocks);
sa.sa_flags = 0;
sa.sa_mask = blocks;
sa.sa_handler = SIG_DFL;
return sigaction(SIGXFSZ, &sa, NULL);

2.10 C wrapper for printf

The printf family of functions is implemented in C with an undefined number
of arguments. This is not supported by the bind(C) interface. We therefore
write wrappers for the versions of sprintf that we will actually use.

(sprintf_interface.c)=
/*
(File header)
*/
#include <stdio.h>

int sprintf_none(char* str, const char* format) {
return sprintf(str, format);

}

int sprintf_int(char* str, const char* format, int val) {
return sprintf(str, format, val);

}

int sprintf_double(char* str, const char* format, double val) {
return sprintf(str, format, val);

}

int sprintf_str(char* str, const char* format, const charx val) {
return sprintf(str, format, val);

}

(sprintf interfaces)=
interface
function sprintf_none (str, fmt) result (stat) bind(C)
use iso_c_binding !NODEP!

integer(c_int) :: stat
character(c_char), dimension(*), intent(inout) :: str
character(c_char), dimension(*), intent(in) :: fmt

end function sprintf_none
end interface
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interface
function sprintf_int (str, fmt, val) result (stat) bind(C)
use iso_c_binding !NODEP!

integer(c_int) :: stat

character(c_char), dimension(*), intent(inout) :: str
character(c_char), dimension(*), intent(in) :: fmt
integer(c_int), value :: val

end function sprintf_int
end interface

interface

function sprintf_double (str, fmt, val) result (stat) bind(C)
use iso_c_binding !NODEP!

integer(c_int) :: stat

character(c_char), dimension(*), intent(inout) :: str
character(c_char), dimension(*), intent(in) :: fmt
real (c_double), value :: val

end function sprintf_double
end interface

interface
function sprintf_str(str, fmt, val) result (stat) bind(C)
use iso_c_binding !NODEP!

integer(c_int) :: stat

character(c_char), dimension(*), intent(inout) :: str
character(c_char), dimension(*), intent(in) :: fmt
character(c_char), dimension(*), intent(in) :: val

end function sprintf_str
end interface

2.11 Interface for formatted I/0

For access to formatted printing (possibly input), we interface the C printf
family of functions. There are two important issues here:

1. printf takes an arbitrary number of arguments, relying on the C stack.
This is not interoperable. We interface it with C wrappers that output a
single integer, real or string and restrict the allowed formats accordingly.

2. Restricting format strings is essential also for preventing format string
attacks. Allowing arbitrary format string would create a real security hole
in a Fortran program.

3. The string returned by sprintf must be allocated to the right size.

(formats.f90)=
(File header)

module formats

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

(Standard module head)
(Formats: public)
(Formats: parameters)
(Formats: types)
(Formats: interfaces)
contains

(Formats: procedures)

end module formats

2.11.1 Parsing a C format string

The C format string contains characters and format conversion specifications.
The latter are initiated by a % sign. If the next letter is also a %, a percent sign is
printed and no conversion is done. Otherwise, a conversion is done and applied
to the next argument in the argument list. First comes an optional flag (#, 0, -,
+, or space), an optional field width (decimal digits starting not with zero), an
optional precision (period, then another decimal digit string), a length modifier
(irrelevant for us, therefore not supported), and a conversion specifier: d or i
for integer; e, £, g (also upper case) for double-precision real, s for a string.

We explicitly exclude all other conversion specifiers, and we check the spec-
ifiers against the actual arguments.

A type for passing arguments

This is a polymorphic type that can hold integer, real (double), and string
arguments.
(Formats: parameters)=

integer, parameter :: ARGTYPE_NONE = O

integer, parameter :: ARGTYPE_LOG = 1

integer, parameter :: ARGTYPE_INT = 2

integer, parameter :: ARGTYPE_REAL = 3

integer, parameter :: ARGTYPE_STR = 4

The integer and real entries are actually scalars, but we avoid relying on the
allocatable-scalar feature and make them one-entry arrays. The character entry
is a real array which is a copy of the string.

Logical values are mapped to strings (true or false), so this type parameter
value is mostly unused.
(Formats: public)=

public :: sprintf_arg_t
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(Formats: types)=
type :: sprintf_arg_t

private

integer :: type = ARGTYPE_NONE

integer(c_int), dimension(:), allocatable :: ival
real (c_double), dimension(:), allocatable :: rval
character(c_char), dimension(:), allocatable :: sval

end type sprintf_arg_t

(Formats: public)+=
public :: sprintf_arg_init

(Formats: interfaces)=
interface sprintf_arg_init
module procedure sprintf_arg_init_log
module procedure sprintf_arg_init_int
module procedure sprintf_arg_init_real
module procedure sprintf_arg_init_str
end interface

(Formats: procedures)=
subroutine sprintf_arg_init_log (arg, lval)
type(sprintf_arg_t), intent(out) :: arg
logical, intent(in) :: lval
argltype = ARGTYPE_STR
if (lval) then
allocate (arglsval (5))
arghsval = (/ ’t’, ’r’, ’u’, ’e’, c_null_char /)
else
allocate (arglsval (6))
arghsval = (/ ’f’, ’a’, ’1’, ’s’, ’e’, c_null_char /)
end if
end subroutine sprintf_arg_init_log

subroutine sprintf_arg_init_int (arg, ival)
type(sprintf_arg_t), intent(out) :: arg
integer, intent(in) :: ival
argl/type = ARGTYPE_INT
allocate (arghival (1))
arghival = ival

end subroutine sprintf_arg_init_int

subroutine sprintf_arg_init_real (arg, rval)
type(sprintf_arg_t), intent(out) :: arg
real(default), intent(in) :: rval
argltype = ARGTYPE_REAL
allocate (arglrval (1))
arg/rval = rval

end subroutine sprintf_arg_init_real

subroutine sprintf_arg_init_str (arg, sval)

type(sprintf_arg_t), intent(out) :: arg
type(string_t), intent(in) :: sval
integer :: i
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arg/type = ARGTYPE_STR
allocate (argisval (len (sval) + 1))
do i =1, len (sval)
arglsval(i) = extract (sval, i, i)
end do
arg/sval(len (sval) + 1) = c_null_char
end subroutine sprintf_arg_init_str

(Formats: procedures)+=
subroutine sprintf_arg write (arg, unit)

type(sprintf_arg_t), intent(in) :: arg
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit)

select case (argitype)

case (ARGTYPE_NONE)
write (u, *) "[nonel"

case (ARGTYPE_INT)
write (u, "(1x,A,1x)", advance = "no") "[int]"
write (u, *) arghival

case (ARGTYPE_REAL)
write (u, "(1x,A,1x)", advance = "no") "[reall"
write (u, *) argirval

case (ARGTYPE_STR)
write (u, "(1x,A,1x,A)", advance = "no") "[string]l", ’"’
write (u, *) argjrval, °"’

end select

end subroutine sprintf_arg_write

Return an upper bound for the length of the printed version; in case of strings
the result is exact.

(Formats: procedures)+=
elemental function sprintf_arg_get_length (arg) result (length)
integer :: length
type(sprintf_arg_t), intent(in) :: arg
select case (argitype)
case (ARGTYPE_INT)
length = logl0 (real (huge (arghival(1)))) + 2
case (ARGTYPE_REAL)
length = logl0 (real (radix (arglkrval(l))) ** digits (argkrval(l))) + 8
case (ARGTYPE_STR)
length = size (arglsval)
case default
length = 0
end select
end function sprintf_arg_get_length

(Formats: procedures)+=
subroutine sprintf_arg_apply_sprintf (arg, fmt, result, actual_length)

type(sprintf_arg_t), intent(in) :: arg
character(c_char), dimension(:), intent(in) :: fmt
character(c_char), dimension(:), intent(inout) :: result
integer, intent(out) :: actual_length
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integer(c_int) :: ival
real(c_double) :: rval
select case (argitype)
case (ARGTYPE_NONE)
actual_length = sprintf_none (result, fmt)
case (ARGTYPE_INT)
ival = arglival(l)
actual_length = sprintf_int (result, fmt, ival)
case (ARGTYPE_REAL)
rval = argjrval(l)
actual_length = sprintf_double (result, fmt, rval)
case (ARGTYPE_STR)
actual_length = sprintf_str (result, fmt, argisval)
case default
call msg_bug ("sprintf_arg_apply_sprintf called with illegal type")
end select
if (actual_length < 0) then
write (msg_buffer, *) "Format: ’", fmt, "’"
call msg_message ()
write (msg_buffer, *) "Output: ’", result, "’"
call msg_message ()
call msg_error ("I/0 error in sprintf call")
actual_length = 0
end if
end subroutine sprintf_arg_apply_sprintf

Container type for the output

There is a procedure which chops the format string into pieces that contain at
most one conversion specifier. Pairing this with a sprintf_arg object, we get
the actual input to the sprintf interface. The type below holds this input and
can allocate the output string.
(Formats: types)+=

type :: sprintf_interface_t

private

character(c_char), dimension(:), allocatable :: input_fmt
type(sprintf_arg t) :: arg

character(c_char), dimension(:), allocatable :: output_str
integer :: output_str_len = 0

end type sprintf_interface_t

(Formats: procedures)+=
subroutine sprintf_interface_init (intf, fmt, arg)

type(sprintf_interface_t), intent(out) :: intf
type(string_t), intent(in) :: fmt
type(sprintf_arg_t), intent(in) :: arg
integer :: fmt_len, i

fmt_len = len (fmt)
allocate (intf’input_fmt (fmt_len + 1))
doi=1, fmt_len

intf¥%input_fmt(i) = extract (fmt, i, i)
end do
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intf¥%input_fmt(fmt_len+1) = c_null_char

intflarg = arg

allocate (intfloutput_str (len (fmt) + sprintf_arg_get_length (arg) + 1))
end subroutine sprintf_interface_init

(Formats: procedures)+=
subroutine sprintf_interface_write (intf, unit)

type(sprintf_interface_t), intent(in) :: intf

integer, intent(in), optional :: unit

integer :: u

u = output_unit (unit)

write (u, *) "Format string = ", ’"’, intf)input_fmt, ’"’
write (u, "(1x,A,1x)", advance = "no") "Argument = "

call sprintf_arg write (intflarg, unit)
if (intf’output_str_len > 0) then
write (u, *) "Result string = ", &

»wo o intfloutput_str (1:intfloutput_str_len), °"’
end if

end subroutine sprintf_interface_write

Return the output string:

(Formats: procedures)+=

function sprintf_interface_get_result (intf) result (string)
type(string_t) :: string

type(sprintf_interface_t), intent(in) :: intf
character(kind = c_char, len = max (intfl,output_str_len, 0)) :: buffer
integer :: i

if (intf’output_str_len > 0) then
do i = 1, intfloutput_str_len
buffer(i:i) = intfioutput_str(i)
end do
string = buffer(1l:intfloutput_str_len)
else

string = ""
end if
end function sprintf_interface_get_result

(Formats: procedures)+=
subroutine sprintf_interface_apply_sprintf (intf)
type(sprintf_interface_t), intent(inout) :: intf
call sprintf_arg_apply_sprintf &
(intflarg, intflinput_fmt, intf’output_str, intfoutput_str_len)
end subroutine sprintf_interface_apply_sprintf

Import the interfaces defined in the previous section:

(Formats: interfaces)+=
(sprintf interfaces)

76



Scan the format string

Chop it into pieces that contain one conversion specifier each. The zero-th
piece contains the part before the first specifier. Check the specifiers and al-
low only the subset that we support. Also check for an exact match between
conversion specifiers and input arguments. The result is an allocated array of
sprintf_interface object; each one contains a piece of the format string and
the corresponding argument.

(Formats: procedures)+=

subroutine chop_and_check_format_string (fmt, arg, intf)

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

type(sprintf_arg t), dimension(:), intent(in) :: arg
type(sprintf_interface_t), dimension(:), intent(out), allocatable :: intf
integer :: n_args, i

type(string_t), dimension(:), allocatable :: split_fmt

type(string_t) :: word, buffer, separator

integer :: pos, length, 1
logical :: ok
type(sprintf_arg_t) :: arg_null
ok = .true.
length = 0
n_args = size (arg)
allocate (split_fmt (O:n_args))
split_fmt = ""
buffer = fmt
SCAN_ARGS: do i = 1, n_args
FIND_CONVERSION: do
call split (buffer, word, "%", separator=separator)
if (separator == "") then
call msg_message (’"’ // char (fmt) // ’"?)
call msg_error ("C-formatting string: " &
// "too few conversion specifiers in format string")
ok = .false.; exit SCAN_ARGS
end if
split_fmt(i-1) = split_fmt(i-1) // word
if (extract (buffer, 1, 1) /= "%") then
split_fmt (i) = "%"
exit FIND_CONVERSION

else
split_fmt(i-1) = split_fmt(i-1) // "%"
end if
end do FIND_CONVERSION
pos = verify (buffer, "#0-+ ") ! Flag characters (zero or more)

split_fmt(i) = split_fmt(i) // extract (buffer, 1, pos-1)
buffer = remove (buffer, 1, pos-1)
pos = verify (buffer, "123456890") ! Field width
word = extract (buffer, 1, pos-1)
if (len (word) /= 0) then
call read_int_from_string (word, len (word), 1)
length = length + 1
end if
split_fmt(i) = split_fmt(i) // word
buffer = remove (buffer, 1, pos-1)
if (extract (buffer, 1, 1) == ".") then
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buffer = remove (buffer, 1, 1)

pos = verify (buffer, "1234567890") ! Precision
split_fmt(i) = split_fmt(i) // "." // extract (buffer, 1, pos-1)
buffer = remove (buffer, 1, pos-1)
end if
! Length modifier would come here, but is not allowed
select case (char (extract (buffer, 1, 1))) ! conversion specifier
case ("d", "i")

if (arg(i)%type /= ARGTYPE_INT) then
call msg_message (°"’ // char (fmt) // °"’)
call msg_error ("C-formatting string: " &
// "argument type mismatch: integer value expected")
ok = .false.; exit SCAN_ARGS
end if
case ("e", "E", "f", "F", "g", "G")
if (arg(i)ltype /= ARGTYPE_REAL) then
call msg_message (’"’ // char (fmt) // ’"?)
call msg_error ("C-formatting string: " &
// "argument type mismatch: real value expected")
ok = .false.; exit SCAN_ARGS
end if
case ("s")
if (arg(i)%type /= ARGTYPE_STR) then
call msg_message (°"’ // char (fmt) // °"’)
call msg_error ("C-formatting string: " &
// "argument type mismatch: logical or string value expected")
ok = .false.; exit SCAN_ARGS
end if
case default
call msg_message (°"’ // char (fmt) // °"’)
call msg_error ("C-formatting string: " &
// "illegal or incomprehensible conversion specifier")
ok = .false.; exit SCAN_ARGS
end select
split_fmt(i) = split_fmt(i) // extract (buffer, 1, 1)
buffer = remove (buffer, 1, 1)
end do SCAN_ARGS
if (ok) then
FIND_EXTRA_CONVERSION: do
call split (buffer, word, "%", separator=separator)
split_fmt(n_args) = split_fmt(n_args) // word // separator
if (separator == "") exit FIND_EXTRA_CONVERSION
if (extract (buffer, 1, 1) == "%") then
split_fmt(n_args) = split_fmt(n_args) // "%"
buffer = remove (buffer, 1, 1)

else
call msg_message (°"’ // char (fmt) // °"’)
call msg_error ("C-formatting string: " &

// "too many conversion specifiers in format string")
ok = .false.; exit FIND_EXTRA_CONVERSION
end if
end do FIND_EXTRA_CONVERSION
split_fmt(n_args) = split_fmt(n_args) // buffer
allocate (intf (O:n_args))
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call sprintf_interface_init (intf(0), split_fmt(0), arg_null)

do i =1, n_args

call sprintf_interface_init (intf(i), split_fmt(i), arg(i))

end do
else
allocate (intf (0))
end if
contains
subroutine read_int_from_string (word, length, 1)
type(string_t), intent(in) :: word
integer, intent(in) :: length
integer, intent(out) :: 1
character(len=length) :: buffer

buffer = word
read (buffer, *) 1
end subroutine read_int_from_string
end subroutine chop_and_check_format_string

2.11.2 API

(Formats: public)+=
public :: sprintf

(Formats: procedures)+=
function sprintf (fmt, arg) result (string)

type(string_t) :: string

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

type(sprintf_arg_ t), dimension(:), intent(in) :: arg
type(sprintf_interface_t), dimension(:), allocatable ::
integer :: i

string = ""

call chop_and_check_format_string (fmt, arg, intf)
if (size (intf) > 0) then
do i = 0, ubound (intf, 1)
call sprintf_interface_apply_sprintf (intf(i))

intf

string = string // sprintf_interface_get_result (intf(i))

end do
end if
end function sprintf

2.11.3 Test

(Formats: public)+=
public :: format_test

(Formats: procedures)+=
subroutine format_test ()
print *, "sxx 1. Test: a string **x*"

call test_run (var_str("%s"), 1, (/ 4 /), (/ ’abcdefghij’ /))

print *, "s*xx 2. Test: two integers **x"

call test_run (var_str("%d,%d"), 2, (/ 2, 2 /), (/ ’42’,

print *, "#xx 3. Test: floating point number **x*"
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call test_run (var_str("%8.4f"), 1, (/ 3 /), (/ ’42567.12345° /))
print *, "#¥x 4. Test: general expression **x*"
call test_run (var_str("%g"), 1, (/ 3 /), (/ ’3.1415° /))

contains
subroutine test_run (fmt, n_args, type, buffer)
type(string_t), intent(in) :: fmt
integer, intent(in) :: n_args
logical :: lval
integer :: ival
real(default) :: rval
integer :: i
type(string_t) :: string
type(sprintf_arg_t), dimension(:), allocatable :: arg
integer, dimension(n_args), intent(in) :: type
character(*), dimension(n_args), intent(in) :: buffer
print *, "Format string:", char(fmt)
print *, "Number of args:", n_args

allocate (arg (n_args))
do i =1, n_args
print *, "Argument (type ) = ", type(i)
select case (type(i))
case (ARGTYPE_LOG)
read (buffer(i), *) 1val
call sprintf_arg_init (arg(i), lval)
case (ARGTYPE_INT)
read (buffer(i), *) ival
call sprintf_arg_init (arg(i), ival)
case (ARGTYPE_REAL)
read (buffer(i), *) rval
call sprintf_arg_init (arg(i), rval)
case (ARGTYPE_STR)
call sprintf_arg_init (arg(i), var_str (trim (buffer(i))))
end select

end do
string = sprintf (fmt, arg)
print *, "Result: ’", char (string), "’"

deallocate (arg)
end subroutine test_run
end subroutine format_test

2.12 Bytes and such

In a few instances we will need the notion of a byte (8-bit) and a word (32 bit),
even a 64-bit word. A block of 512 bit is also needed (for MD5).

We rely on integers up to 64 bit being supported by the processor. The main
difference to standard integers is the interpretation as unsigned integers.
(bytes.£90)=

(File header)

module bytes
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use kinds, only: i8, i32, i64 !NODEP!
(Use file utils)

(Standard module head)
(Buytes: public)

(Buytes: types)

(Bytes: parameters)
(Buytes: interfaces)
contains

(Buytes: procedures)

end module bytes

2.12.1 8-bit words: bytes

This is essentially a wrapper around 8-bit integers. The wrapper emphasises
their special interpretation as a sequence of bits. However, we interpret bytes
as unsigned integers.
(Bytes: public)=
public :: byte_t
(Bytes: types)=
type :: byte_t
private
integer(i8) :: i
end type byte_t

(Buytes: public)+=
public :: byte_zero

(Bytes: parameters)=
type(byte_t), parameter :: byte_zero = byte_t (0_i8)

Set a byte from 8-bit integer:
(Bytes: public)+=
public :: assignment(=)

(Buytes: interfaces)=
interface assignment (=)
module procedure set_byte_from_i8
end interface

(Bytes: procedures)=
subroutine set_byte_from_i8 (b, i)
type(byte_t), intent(out) :: Db
integer(i8), intent(in) :: i
b%i =1
end subroutine set_byte_from_i8
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Write a byte in one of two formats: either as a hexadecimal number (two digits,
default) or as a decimal number (one to three digits). The decimal version is
nontrivial because bytes are unsigned integers. Optionally append a newline.
(Bytes: public)+=

public :: byte_write

(Bytes: interfaces)+=
interface byte_write
module procedure byte_write_unit, byte_write_string
end interface

(Bytes: procedures)+=

subroutine byte_write_unit (b, unit, decimal, newline)
type(byte_t), intent(in), optional :: b
integer, intent(in), optional :: unit
logical, intent(in), optional :: decimal, newline
logical :: dc, nl
type(word32_t) :: w
integer :: u
u = output_unit (unit); if (u < 0) return
dc = .false.; if (present (decimal)) dc = decimal

nl = .false.; if (present (newline)) nl = newline
if (dc) then
w=D>
write (u, ’(I3)’, advance=’no’) whi
else
write (u, ’(z2.2)’, advance=’no’) bji
end if

if (nl) write (u, *)
end subroutine byte_write_unit

The string version is hex-only
(Bytes: procedures)+=
subroutine byte_write_string (b, s)
type(byte_t), intent(in) :: Db
character(len=2), intent(inout) :: s
write (s, ’(22.2)’) bii
end subroutine byte_write_string

2.12.2 32-bit words

This is not exactly a 32-bit integer. A word is to be filled with bytes, and it may
be partially filled. The filling is done lowest-byte first, highest-byte last. We
count the bits, so £i11 should be either 0, 8, 16, 24, or 32. In printing words,
we correspondingly distinguish between printing zeros and printing blanks.
(Bytes: public)+=
public :: word32_t
(Buytes: types)+=
type :: word32_t
private
integer(i32) :: i
integer :: fill =0
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end type word32_t

Assignment: the word is filled by inserting a 32-bit integer
(Bytes: interfaces)+=
interface assignment (=)
module procedure word32_set_from_i32
module procedure word32_set_from_byte
end interface

(Bytes: procedures)+=
subroutine word32_set_from_i32 (w, i)
type(word32_t), intent(out) :: w

integer(i32), intent(in) :: i
whi = 1
wifill = 32

end subroutine word32_set_from_i32

Filling with a 8-bit integer is slightly tricky, because in this interpretation inte-
gers are unsigned.
(Bytes: procedures)+=
subroutine word32_set_from_byte (w, b)
type(word32_t), intent(out) :: w
type(byte_t), intent(in) :: b
if (b%i >= 0_i8) then

whi = bhi
else

whi = 2_132%(huge(0_i8)+1_i32) + bii
end if
w4fill = 32

end subroutine word32_set_from_byte

Check the fill status
(Bytes: public)+=
public :: word32_empty, word32_filled, word32_fill
(Bytes: procedures)+=
function word32_empty (w)
type(word32_t), intent(in) :: w
logical :: word32_empty
word32_empty = (w/(fill == 0)
end function word32_empty

function word32_filled (w)
type(word32_t), intent(in) :: w
logical :: word32_filled
word32_filled = (w/4fill == 32)

end function word32_filled

function word32_fill (w)
type(word32_t), intent(in) :: w
integer :: word32_fill
word32_£ill = w%fill

end function word32_£fill
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Partial assignment: append a byte to a partially filled word. (Note: no assign-
ment if the word is filled, so check this before if necessary.)
(Bytes: public)+=

public :: word32_append_byte

(Bytes: procedures)+=
subroutine word32_append_byte (w, b)
type(word32_t), intent(inout) :: w
type(byte_t), intent(in) :: b
type(word32_t) :: wil
if (.not. word32_filled (w)) then
wl=">
call mvbits (wi%i, O, 8, whi, whfill)
wifill = wifill + 8
end if
end subroutine word32_append_byte

Extract a byte from a word. The argument i is the position, which may be 0,
1,2, or 3.
(Bytes: public)+=

public :: byte_from_word32

(Bytes: procedures)+=

function byte_from_word32 (w, i) result (b)
type(word32_t), intent(in) :: w
integer, intent(in) :: i
type(byte_t) :: b
integer(i32) :: j
j=0
if (4 >= 0 .and. i*8 < w/fill) then

call mvbits (w%i, i*8, 8, j, 0)

end if
b%i = j

end function byte_from_word32

Write a word to file or STDOUT. We understand words as unsigned integers,
therefore we cannot use the built-in routine unchanged. However, we can make
use of the existence of 64-bit integers and their output routine.

In hexadecimal format, the default version prints eight hex characters, highest-
first. The bytes version prints four bytes (two-hex characters), lowest first, with
spaces in-between. The decimal bytes version is analogous. In the bytes ver-
sion, missing bytes are printed as whitespace.

(Bytes: public)+=
public :: word32_write

(Bytes: interfaces)+=
interface word32_write
module procedure word32_write_unit
end interface

(Bytes: procedures)+=
subroutine word32_write_unit (w, unit, bytes, decimal, newline)
type(word32_t), intent(in) :: w
integer, intent(in), optional :: unit
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logical, intent(in), optional :: bytes, decimal, newline
logical :: dc, by, nl

type(word64_t) :: ww

integer :: i, u

u = output_unit (unit); if (u < 0) return

by = .false.; if (present (bytes)) Dby = bytes

dc = .false.; if (present (decimal)) dc = decimal
nl = .false.; if (present (newline)) nl = newline
if (by) then
doi=0, 3
if (i>0) write (u, ’(1x)°’, advance=’no’)
if (8*%i < wY%fill) then
call byte_write (byte_from_word32 (w, i), unit, decimal=decimal)
else if (dc) then
write (u, ’(3x)’, advance=’no’)
else
write (u, ’(2x)’, advance=’no’)
end if
end do
else if (dc) then
WW o= W
write (u, ’(I10)’, advance=’no’) wwhi
else
select case (w)fill)
case ( 0)

case ( 8); write (6, ’(1x,2z8.2)’, advance=’no’) ibits (w}i, 0, 8)
case (16); write (6, ’(1x,z8.4)’, advance=’no’) ibits (w%i, 0,16)
case (24); write (6, ’(1x,z8.6)°, advance=’no’) ibits (w/i, 0,24)
case (32); write (6, ’(1x,z8.8)’, advance=’no’) ibits (w%i, 0,32)
end select

end if

if (nl) write (u, *)

end subroutine word32_write_unit

2.12.3 Operations on 32-bit words

Define the usual logical operations, as well as addition (mod 23?). We assume
that all operands are completely filled.
(Bytes: public)+=

public :: not, ior, ieor, iand, ishftc, operator(+)

(Bytes: interfaces)+=
interface not
module procedure word_not
end interface
interface ior
module procedure word_or
end interface
interface ieor
module procedure word_eor
end interface
interface iand
module procedure word_and

85



end interface
interface ishftc

module procedure word_shftc
end interface
interface operator (+)

module procedure word_add
end interface

(Bytes: procedures)+=
function word_not (wl) result (w2)
type(word32_t), intent(in) :: wl
type(word32_t) :: w2
w2 = not (wil%i)
end function word_not

function word_or (w1, w2) result (w3)
type(word32_t), intent(in) :: wl, w2
type(word32_t) :: w3
w3 = ior (wil%i, w2%i)

end function word_or

function word_eor (w1, w2) result (w3)
type(word32_t), intent(in) :: wil, w2
type(word32_t) :: w3
w3 = ieor (wil%i, w2%i)

end function word_eor

function word_and (w1, w2) result (w3)
type(word32_t), intent(in) :: wil, w2
type(word32_t) :: w3
w3 = iand (wi%i, w2%i)

end function word_and

function word_shftc (w1, s) result (w2)
type(word32_t), intent(in) :: wl
integer, intent(in) :: s
type(word32_t) :: w2
w2 = ishftc (wi%i, s, 32)

end function word_shftc

function word_add (w1, w2) result (w3)
type(word32_t), intent(in) :: wl, w2
type(word32_t) :: w3
w3 = wi/i + w2/i

end function word_add

2.12.4 64-bit words

These objects consist of two 32-bit words. They thus can hold integer numbers
larger than 232 (to be exact, 23! since FORTRAN integers are signed). The
order is low-word, high-word.
(Bytes: public)+=

public :: word64_t
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(Buytes: types)+=
type :: word64_t
private
integer(i64) :: i
end type word64_t

Set a 64 bit word:

(Bytes: interfaces)+=
interface assignment (=)
module procedure word64_set_from_i64
module procedure word64_set_from_word32
end interface

(Bytes: procedures)+=
subroutine word64_set_from_i64 (ww, i)

type(word64_t), intent(out) :: ww
integer(i64), intent(in) :: i
wwhi = i

end subroutine word64_set_from_i64

Filling with a 32-bit word:

(Bytes: procedures)+=
subroutine word64_set_from_word32 (ww, w)
type (word64_t), intent(out) :: ww
type(word32_t), intent(in) :: w
if (w¥%i >= 0_i32) then

ww/hi = whi
else

ww/4i = 2_i64*(huge(0_i32)+1_i64) + wii
end if

end subroutine word64_set_from_word32

Extract a byte from a word. The argument i is the position, which may be
between 0 and 7.
(Buytes: public)+=

public :: byte_from_word64, word32_from_word64

(Buytes: procedures)+=

function byte_from_word64 (ww, i) result (b)
type(word64_t), intent(in) :: ww
integer, intent(in) :: i
type(byte_t) :: b
integer(i64) :: j
j=0
if (i >= 0 .and. i*8 < 64) then

call mvbits (wwki, i*8, 8, j, 0)

end if
b%i = j

end function byte_from_word64

Extract a 32-bit word from a 64-bit word. The position is either 0 or 1.
(Bytes: procedures)+=
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function word32_from_word64 (ww, i) result (w)
type(word64_t), intent(in) :: ww
integer, intent(in) :: i
type(word32_t) :: w
integer(i64) :: j
j=0
select case (i)
case (0); call mvbits (ww)i, O, 32, j, 0)
case (1); call mvbits (ww%i, 32, 32, j, 0)
end select
w = int (j, kind=i32)
end function word32_from_word64

Print a 64-bit word. Decimal version works up to 253. The words version uses
the 'word32’ printout, separated by two spaces. The low-word is printed first.
The bytes version also uses the 'word32’ printout. This implies that the lowest
byte is first. The default version prints a hexadecimal number without spaces,
highest byte first.
(Bytes: public)+=

public :: word64_write
(Buytes: interfaces)+=

interface word64_write

module procedure word64_write_unit
end interface

(Bytes: procedures)+=
subroutine word64_write_unit (ww, unit, words, bytes, decimal, newline)

type(word64_t), intent(in) :: ww

integer, intent(in), optional :: unit

logical, intent(in), optional :: words, bytes, decimal, newline
logical :: wo, by, dc, nl

integer :: u

u = output_unit (unit); if (u < 0) return

wo = .false.; if (present (words)) wo = words

by = .false.; if (present (bytes)) by = bytes

dc = .false.; if (present (decimal)) dc = decimal

nl = .false.; if (present (newline)) nl = newline
if (wo .or. by) then
call word32_write_unit (word32_from_word64 (ww, 0), unit, by, dc)
write (u, ’(2x)’, advance=’no’)
call word32_write_unit (word32_from_word64 (ww, 1), unit, by, dc)
else if (dc) then
write (u, ’(I19)°’, advance=’no’) wwhi
else
write (u, ’(Z16)°’, advance=’no’) wwiki
end if
if (nl) write (u, *)
end subroutine word64_write_unit
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2.13 MD5 Checksums

It is a bit of an overkill, but implementing MD5 checksums allows us to check
input/file integrity on the basis of a well-known standard. The building blocks
have been introduced in the bytes module.

(md5.£90)=
(File header)

module md5

use kinds, only: i8, i32, i64 !NODEP!
(Use file utils)

use diagnostics !NODEP!

use bytes

use limits, only: LF, EOR, EOF !'NODEP!

(Standard module head)
(MD5: public)

(MD5: types)

(MD5: variables)
(MD5: interfaces)
contains

(MD5: procedures)

end module mdb

2.13.1 Blocks

A block is a sequence of 16 words (64 bytes or 512 bits). We anticipate that
blocks will be linked, so include a pointer to the next block. There is a fill status
(word counter), as there is one for each word. The fill status is equal to the
number of bytes that are in, so it may be between 0 and 64.
(MD5: types)=
type :: block_t
private
type(word32_t), dimension(0:15) :: w
type(block_t), pointer :: mext => null ()
integer :: fill =0
end type block_t

Check if a block is completely filled or empty:
(MD5: procedures)=
function block_is_empty (b)
type(block_t), intent(in) :: b
logical :: block_is_empty
block_is_empty = (b%fill == 0 .and. word32_empty (b%w(0)))
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end function block_is_empty

function block_is_filled (b)
type(block_t), intent(in) :: Db
logical :: block_is_filled
block_is_filled = (b%fill == 64)

end function block_is_filled

Append a single byte to a block. Works only if the block is not yet filled.

(MD5: procedures)+=
subroutine block_append_byte (bl, by)
type(block_t), intent(inout) :: bl
type(byte_t), intent(in) :: by
if (.not. block_is_filled (bl)) then
call word32_append_byte (bl%w(bl%£fill/4), by)
bl%£fill = blYfill + 1
end if
end subroutine block_append_byte

The printing routine allows for printing as sequences of words or bytes, decimal
or hex.
(MD5: interfaces)=
interface block_write
module procedure block_write_unit
end interface

(MD5: procedures)+=
subroutine block_write_unit (b, unit, bytes, decimal)
type(block_t), intent(in) :: Db

integer, intent(in), optional :: unit

logical, intent(in), optional :: bytes, decimal
logical :: by, dc

integer :: i, u

u = output_unit (unit); if (u < 0) return
by = .false.; if (present (bytes)) by = bytes
dc = .false.; if (present (decimal)) dc = decimal
do i = 0, b%fill/4 - 1
call newline_or_blank (u, i, by, dc)
call word32_write (b%w(i), unit, bytes, decimal)
end do
if (.not. block_is_filled (b)) then
i = b%fill/4
if (.not. word32_empty (b)w(i))) then
call newline_or_blank (u, i, by, dc)
call word32_write (b%w(i), unit, bytes, decimal)

end if
end if
write (u, *)
contains
subroutine newline_or_blank (u, i, bytes, decimal)
integer, intent(in) :: u, i
logical, intent(in) :: bytes, decimal

if (decimal) then
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select case (i)
case (0)
case (2,4,6,8,10,12,14); write (u, *)
case default
write (u, ’(2x)’, advance=’no’)
end select
else if (bytes) then
select case (i)
case (0)
case (4,8,12); write (u, *)
case default
write (u, ’(2x)’, advance=’no’)
end select
else
if (i == 8) write (u, *)
end if
end subroutine newline_or_blank
end subroutine block_write_unit

2.13.2 Messages

A message (within this module) is a linked list of blocks.
(MD5: types)+=
type :: message_t
private
type(block_t), pointer :: first => null ()
type(block_t), pointer :: last => null ()
integer :: n_blocks = 0
end type message_t

Clear the message list

(MD5: procedures)+=
subroutine message_clear (m)
type(message_t), intent(inout) :: m
type(block_t), pointer :: b
nullify (m¥last)
do
b => m)first
if (.not.(associated (b))) exit
m}%first => binext
deallocate (b)
end do
m%n_blocks = 0
end subroutine message_clear

Append an empty block to the message list
(MD5: procedures)+=
subroutine message_append_new_block (m)
type (message_t), intent(inout) :: m
if (associated (m)last)) then
allocate (mjlastinext)
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m)last => mjlastnext
m/%n_blocks = m)n_blocks + 1

else
allocate (m)first)
m)last => mffirst
m%n_blocks = 1

end if

end subroutine message_append_new_block

Initialize: clear and allocate the first (empty) block.

(MD5: procedures)+=
subroutine message_init (m)
type(message_t), intent(inout) :: m
call message_clear (m)
call message_append_new_block (m)
end subroutine message_init

Append a single byte to a message. If necessary, allocate a new block. If the
message is empty, initialize it.
(MD5: procedures)+=
subroutine message_append_byte (m, b)
type(message_t), intent(inout) :: m
type(byte_t), intent(in) :: b
if (.not. associated (mjlast)) then
call message_init (m)
else if (block_is_filled (mjlast)) then
call message_append_new_block (m)
end if
call block_append_byte (m)last, b)
end subroutine message_append_byte

Append zero bytes until the current block is filled up to the required position.
If we are already beyond that, append a new block and fill that one.

(MD5: procedures)+=
subroutine message_pad_zero (m, i)

type(message_t), intent(inout) :: m
integer, intent(in) :: i
type(block_t), pointer :: b

integer :: j

if (associated (m)last)) then
b => m)last
if (b%fill > i) then
do j = b)fill + 1, 64 + i
call message_append_byte (m, byte_zero)
end do
else
do j = bjfill + 1, i
call message_append_byte (m, byte_zero)
end do
end if
end if
end subroutine message_pad_zero
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This returns the number of bits within a message. We need a 64-bit word for
the result since it may be more than 23!. This is also required by the MD5
standard.

(MD5: procedures)+=
function message_bits (m) result (length)
type(message_t), intent(in) :: m
type(word64_t) :: length
type(block_t), pointer :: b
integer(i64) :: n_blocks_filled, n_bytes_extra
if (m¥n_blocks > 0) then
b => mjlast
if (block_is_filled (b)) then
n_blocks_filled = m)n_blocks
n_bytes_extra = 0
else
n_blocks_filled = m)n_blocks - 1
n_bytes_extra = blfill

end if

length = n_blocks_filled * 512 + n_bytes_extra * 8
else

length = 0_i64
end if

end function message_bits

2.13.3 Message I/0

Append the contents of a string to a message. We first cast the character string
into a 8-bit integer array and the append this byte by byte.

(MD5: procedures)+=
subroutine message_append_string (m, s)
type (message_t), intent(inout) :: m
character(len=%), intent(in) :: s
integer(i64) :: i, n_bytes
integer(i8), dimension(:), allocatable :: buffer
integer(i8), dimension(1) :: mold
type(byte_t) :: b
n_bytes = size (transfer (s, mold))
allocate (buffer (n_bytes))
buffer = transfer (s, mold)
do i =1, size (buffer)
b = buffer(i)
call message_append_byte (m, b)
end do
deallocate (buffer)
end subroutine message_append_string

Append the contents of a 32-bit integer to a message. We first cast the 32-bit
integer into a 8-bit integer array and the append this byte by byte.

(MD5: procedures)+=

subroutine message_append_i32 (m, x)
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type(message_t), intent(inout) :: m

integer(i32), intent(in) :: x

integer(i8), dimension(4) :: buffer
type(byte_t) :: b

integer :: i

buffer = transfer (x, buffer, size(buffer))

do i = 1, size (buffer)
b = buffer(i)
call message_append_byte (m, b)
end do
end subroutine message_append_i32

Append one line from file to a message. Include the newline character.

(MD5: procedures)+=
! subroutine message_append_from_unit (m, u, iostat)

! type(message_t), intent(inout) :: m
! integer, intent(in) :: u
! integer, intent(out) :: iostat

! character (1en=BUFFER_SIZE) :: buffer

! read (u, *, iostat=iostat) buffer

! call message_append_string (m, trim (buffer))
! call message_append_string (m, LF)

! end subroutine message_append_from_unit

Fill a message from file. (Each line counts as a string.)

(MD5: procedures)+=
! subroutine message_read_from_file (m, f)
! type(message_t), intent(inout) :: m
! character(len=%), intent(in) :: f
! integer :: u, iostat
! u = free_unit ()
! open (file=f, unit=u, action=’read’)
! do
! call message_append_from_unit (m, u, iostat=iostat)
! if (iostat < 0) exit
! end do
! close (u)
! end subroutine message_read_from_file

Write a message. After each block, insert an empty line.

(MD5: interfaces)+=
interface message_write
module procedure message_write_unit
end interface

(MD5: procedures)+=
subroutine message_write_unit (m, unit, bytes, decimal)

type(message_t), intent(in) :: m

integer, intent(in), optional :: unit

logical, intent(in), optional :: bytes, decimal
type(block_t), pointer :: b

integer :: u

u = output_unit (unit); if (u < 0) return
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b => m)first
if (associated (b)) then
do
call block_write_unit (b, unit, bytes, decimal)
b => blnext
if (.not. associated (b)) exit
write (u, *)
end do
end if
end subroutine message_write_unit

2.13.4 Auxiliary functions

These four functions on three words are defined in the MD5 standard:

(MD5: procedures)+=
function ff (x, y, 2)
type(word32_t), intent(in) :: x, y, 2z
type(word32_t) :: ff
ff = jor (iand (x, y), iand (not (x), 2))
end function ff

function fg (x, y, 2)
type(word32_t), intent(in) :: x, y, 2z
type(word32_t) :: fg
fg = ior (iand (x, z), iand (y, not (2)))
end function fg

function fh (x, y, 2)
type(word32_t), intent(in) :: x, y, z
type(word32_t) :: fh
fh = ieor (ieor (%, y), 2z)

end function fh

function fi (x, y, 2)
type(word32_t), intent(in) :: x, y, z
type(word32_t) :: fi
fi = jeor (y, ior (x, mot (2)))

end function fi

2.13.5 Auxiliary stuff

This defines and initializes the table of transformation constants:
(MD5: variables)=

type(word32_t), dimension(64), save :: t

logical, save :: table_initialized = .false.

(MD5: procedures)+=
subroutine table_init
type(word64_t) :: ww
integer :: i
if (.not.table_initialized) then

95



doi=1, 64

ww = int (429496729640 * abs (sin (i * 1d0)), kind=i64)
t(i) = word32_from_word64 (ww, O0)
end do
table_initialized = .true.
end if

end subroutine table_init

This encodes the message digest (4 words) into a 32-character string.
(MD5: procedures)+=
function digest_string (aa) result (s)
type(word32_t), dimension (0:3), intent(in) :: aa
character(len=32) :: s
integer :: i, j
doi=0, 3
do j =0, 3
call byte_write (byte_from_word32 (aa(i), j), s(i*8+j*2+1:i*8+j*2+2))
end do
end do
end function digest_string

2.13.6 MD5 algorithm

Pad the message with a byte x80 and then pad zeros up to a full block minus two
words; in these words, insert the message length (before padding) as a 64-bit
word, low-word first.

(MD5: procedures)+=
subroutine message_pad (m)
type(message_t), intent(inout) :: m
type(word64_t) :: length
integer(i8), parameter :: ipad = -128 ! z’80’
type(byte_t) :: b

integer :: i
length = message_bits (m)
b = ipad

call message_append_byte (m, b)
call message_pad_zero (m, 56)
doi=20,7
call message_append_byte (m, byte_from_word64 (length, i))
end do
end subroutine message_pad

Apply a series of transformations onto a state a,b,c,d, where the transform
function uses each word of the message together with the predefined words.
Finally, encode the state as a 32-character string.
(MD5: procedures)+=

subroutine message_digest (m, s)

type(message_t), intent(in) :: m

character(len=32), intent(out) :: s

integer(i32), parameter :: ia = 1732584193 ! z’67452301°
integer(i32), parameter :: ib = -271733879 ! z’efcdab89’
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integer(i32), parameter ::
integer(i32), parameter ::
type (word32_t)
type (word32_t)

ic
id
:a, b, c, d
:: aa, bb, cc,

dd

type(word32_t), dimension(0:15)
type(block_t), pointer ::
call table_init

a = ia;

b = ib;

bl => m)first

do

c =

ic;

bl

d

if (.not.associated (bl))
x = bljw

aa =
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call

a; bb = b;

transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform
transform

(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(ff,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fg,
(fh,
(fh,
(fh,
(fh,
(fh,
(fh,
(fh,
(fh,
(fh,

ccC

c;

-1732584194

271733878
I ¢
d
t

=d
d, 0, 7,
c, 1, 12,
b, 2, 17,
a, 3, 22,
d, 4, 7,
c, 5, 12,
b, 6, 17,
a, 7, 22,
d, 8, 7,
c, 9, 12,
b, 10, 17,
a, 11, 22,
d, 12, 7,
c, 13, 12,
b, 14, 17,
a, 15, 22,
d, 1, 5,
c, 6, 9,
b, 11, 14,
a, 0, 20,
d, 5, b5,
c, 10, 9,
b, 15, 14,
a, 4, 20,
d, 9, 5,
c, 14, 9,
b, 3, 14,
a, 8, 20,
d, 13, 5,
c, 2, 9,
b, 7, 14,
a, 12, 20,
d, 5, 4,
c, 8, 11,
b, 11, 16,
a, 14, 23,
d, 1, 4,
c, 4, 11,
b, 7, 16,
a, 10, 23,
d, 13, 4,

! z’98badcfe’
! 2210325476’

1)

2)

3)

4)

5)

6)

7)

8)

9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)



call transform (fh, d, a, b, ¢, 0, 11, 42)
call transform (fh, ¢, d, a, b, 3, 16, 43)
call transform (fh, b, c, d, a, 6, 23, 44)
call transform (fh, a, b, ¢, d, 9, 4, 45)

call transform (fh, d, a, b, c, 12, 11, 46)
call transform (fh, ¢, d, a, b, 15, 16, 47)
call transform (fh, b, ¢, d, a, 2, 23, 48)
call transform (fi, a, b, ¢, d, 0, 6, 49)
call transform (fi, d, a, b, ¢, 7, 10, 50)
call transform (fi, ¢, d, a, b, 14, 15, 51)
call transform (fi, b, ¢, d, a, 5, 21, 52)
call transform (fi, a, b, ¢, d, 12, 6, 53)
call transform (fi, 4, a, b, ¢, 3, 10, 54)
call transform (fi, ¢, d, a, b, 10, 15, 55)
call transform (fi, b, ¢, d, a, 1, 21, 56)
call transform (fi, a, b, ¢, d, 8, 6, 57)
call transform (fi, 4, a, b, c, 15, 10, 58)
call transform (fi, ¢, d, a, b, 6, 15, 59)
call transform (fi, b, ¢, d, a, 13, 21, 60)
call transform (fi, a, b, ¢, 4, 4, 6, 61)
call transform (fi, d, a, b, ¢, 11, 10, 62)
call transform (fi, ¢, d, a, b, 2, 15, 63)
call transform (fi, b, c, 4, a, 9, 21, 64)
a=a+ aa
b=Db+ bb
c=c+ cc
d=d+ dd
bl => blnext
end do
s = digest_string ((/a, b, c, d/))

contains

(MD5: Internal subroutine transform)

end subroutine message_digest

And this is the actual transformation that depends on one of the previous func-
tions, four words, and three integers. The implicit arguments are x, the word
from the message to digest, and t, the entry in the predefined table.

(MD5: Internal subroutine transform)=
subroutine transform (f, a, b, ¢, d, k, s, i)
interface
function £ (x, y, 2)
import word32_t
type(word32_t), intent(in) :: x, y, 2z
type(word32_t) :: f
end function f
end interface

type(word32_t), intent(inout) :: a
type(word32_t), intent(in) :: b, c, d
integer, intent(in) :: k, s, i

a =b + ishftc (a + f(b, c, d) + x(k) + t(i), s)
end subroutine transform
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2.13.7 User interface

(MD5: public)=
public :: md5sum

(MD5: interfaces)+=
interface md5sum
module procedure mdS5sum_from_string
module procedure md5sum_from_unit
end interface

This function computes the MD5 sum of the input string and returns it as a
32-character string

(MD5: procedures)+=

function md5sum_from_string (s) result (digest)
character(len=*), intent(in) :: s
character(len=32) :: digest
type(message_t) :: m
call message_append_string (m, s)
call message_pad (m)
call message_digest (m, digest)
call message_clear (m)

end function mdS5sum_from_string

This funct. reads from unit u (an unformmated sequence of integers) and com-
putes the MD5 sum.

(MD5: procedures)+=
function md5sum_from_unit (u) result (digest)

integer, intent(in) :: u
character(len=32) :: digest
type(message_t) :: m
character :: char

integer :: iostat

READ_CHARS: do
read (u, "(A)", advance="no", iostat=iostat) char
select case (iostat)

case (0)

call message_append_string (m, char)
case (EOR)

call message_append_string (m, LF)
case (EOF)

exit READ_CHARS
case default
call msg_fatal &
("Computing MD5 sum: I/0 error while reading from scratch file")
end select
end do READ_CHARS
call message_pad (m)
call message_digest (m, digest)
call message_clear (m)
end function md5sum_from_unit

This funct checks the implementation by computing the checksum of certain
strings and comparing them with the known values. If some inconsistency is
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detected, print a warning.
(MD5: public)+=

public ::

(MD5: procedures)+=
subroutine mdb5_test
character (32)

integer, parameter :: n

integer :: i
character(80), dimension(n) :: teststring

teststring(1) /""/

teststring(2) /"a"/

teststring(3) /"abc"/

teststring(4) /"message digest"/

teststring(5) /"abcdefghijklmnopqrstuvwxyz"/

teststring(6) /"ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789"/
teststring(7) /"1234567890123456789012345678901234567890123456789012345678901234567890123
character(32),

data
data
data
data
data
data
data

data
data
data
data
data
data
data
do i

result (1)
result(2)
result (3)
result(4)
result(5)
result (6)
result(7)
=1, n

md5_test

il 8

]
~

dimension(n) :: result

/"D41D8CD98FO0B204E9800998ECF8427E" /
/"0CC175B9COF1B6A831C399E269772661"/
/"900150983CD24FBOD6963F7D28E17F72"/
/"F96B697D7CB7938D525A2F31AAF161D0"/
/"C3FCD3D76192E4007DFB496CCA67E13B"/
/"D174AB98D277D9F5A5611C2C9F419D9F "/
/"5TEDF4A22BE3C955AC49DA2E2107B67A" /

call msg_message ("string = " // ’"’// trim (teststring(i)) // °"’)
= md5sum (trim (teststring(i)))

call msg_message ("mdbsum = " // trim (s))

if (s == result(i)) then

call msg_message ("-> ok")

S

else
call msg_message ("expect = " // trim (result(i)))
call msg_bug (" MD5 sum self-test failed")
end if
end do

call msg_message ("MD5 sum self-test successful.")
end subroutine md5_test

2.14 Permutations

(permutations.f90)=
(File header)

module permutations

use kinds, only: TC !'NODEP!

(Standard module head)

(Permutations: public)
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(Permutations: types)
(Permutations: interfaces)
contains

(Permutations: procedures)

end module permutations

2.14.1 Permutations

A permutation is an array of integers. Each integer between one and size
should occur exactly once.

(Permutations: public)=
public :: permutation_t

(Permutations: types)=

type :: permutation_t
private
integer, dimension(:), allocatable :: p

end type permutation_t

Initialize with the identity permutation.
(Permutations: public)+=

public :: permutation_init

public :: permutation_final

(Permutations: procedures)=
elemental subroutine permutation_init (p, size)

type (permutation_t), intent(inout) :: p
integer, intent(in) :: size
integer :: i

allocate (plp (size))
forall (i = 1:size)
php(i) = i
end forall
end subroutine permutation_init

elemental subroutine permutation_final (p)
type(permutation_t), intent(inout) :: p
deallocate (p%p)

end subroutine permutation_final

I/0:
(Permutations: public)+=
public :: permutation_write

(Permutations: procedures)+=
subroutine permutation_write (p, u)

type(permutation_t), intent (in) :: p
integer, intent(in) :: u
integer :: i
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do i = 1, size (plp)
if (size (p%kp) < 10) then
write (u,"(1x,I1)", advance="no") plp(i)
else
write (u,"(1x,I3)", advance="no") pJ%p(i)
end if
end do
write (u, *)
end subroutine permutation_write

Administration:

(Permutations: public)+=
public :: permutation_size

(Permutations: procedures)+=
elemental function permutation_size (perm) result (s)
type (permutation_t), intent(in) :: perm
integer :: s
s = size (perm/p)
end function permutation_size

Extract an entry in a permutation.
(Permutations: public)+=
public :: permute

(Permutations: procedures) +=
elemental function permute (i, p) result (j)

integer, intent(in) :: i
type(permutation_t), intent(in) :: p
integer :: j
if (i > 0 .and. i <= size (pkp)) then
j = php(L)
else
j=0
end if

end function permute

Check whether a permutation is valid: Each integer in the range occurs exactly
once.

(Permutations: public)+=
public :: permutation_ok

(Permutations: procedures)+=
elemental function permutation_ok (perm) result (ok)
type(permutation_t), intent(in) :: perm
logical :: ok
integer :: i
logical, dimension(:), allocatable :: set
ok = .true.
allocate (set (size (perm¥p)))
set = .false.
do i = 1, size (perm¥%p)
ok = (perm/p(i) > O .and. perm}p(i) <= size (perm¥%p))
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if (.not.ok) return
set (perm/p(i)) = .true.
end do
ok = all (set)
end function permutation_ok

Find the permutation that transforms the second array into the first one. We
assume that this is possible and unique and all bounds are set correctly.
This cannot be elemental.

(Permutations: public)+=
public :: permutation_find

(Permutations: procedures)+=
subroutine permutation_find (perm, al, a2)

type(permutation_t), intent(inout) :: perm
integer, dimension(:), intent(in) :: al, a2
integer :: i, j

if (allocated (perm%p)) deallocate (permip)
allocate (perm/p (size (al)))
do i =1, size (al)
do j =1, size (a2)
if (a1(i) == a2(j)) then
perm/p(i) = j
exit
end if
perm/p(i) = 0
end do
end do
end subroutine permutation_find

Find all permutations that transform an array of integers into itself. The re-
sulting permutation list is allocated with the correct length and filled.

The first step is to count the number of different entries in code. Next, we
scan code again and assign a mask to each different entry, true for all identical
entries. Finally, we recursively permute the identity for each possible mask.

The permutation is done as follows: A list of all permutations of the initial
one with respect to the current mask is generated, then the permutations are
generated in turn for each permutation in this list with the next mask. The
result is always stored back into the main list, starting from the end of the
current list.

(Permutations: public)+=
public :: permutation_array_make

(Permutations: procedures)+=
subroutine permutation_array_make (pa, code)

type (permutation_t), dimension(:), allocatable, intent(out) :: pa
integer, dimension(:), intent(in) :: code

logical, dimension(size(code)) :: mask

logical, dimension(:,:), allocatable :: imask

integer, dimension(:), allocatable :: n_i

type(permutation_t) :: p_init

type(permutation_t), dimension(:), allocatable :: p_tmp

integer :: psize, i, j, k, n_different, n, nn_ k
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psize = size (code)
mask = .true.
n_different = 0
do i=1, psize
if (mask(i)) then
n_different = n_different + 1
mask = mask .and. (code /= code(i))
end if
end do
allocate (imask(psize, n_different), n_i(n_different))
mask = .true.
k=0
do i=1, psize
if (mask(i)) then
k=k+1
imask(:,k) = (code == code(i))
n_i(k) = factorial (count(imask(:,k)))
mask = mask .and. (code /= code(i))
end if
end do
n = product (n_i)
allocate (pa (n))
call permutation_init (p_init, psize)
pa(l) = p_init
nn_k =1
do k = 1, n_different
allocate (p_tmp (n_i(k)))
doi=mnnk, 1, -1
call permutation_array_with_mask (p_tmp, imask(:,k), pa(i))
do j=nik), 1, -1
pa((i-1)*n_i(k) + j) = p_tmp(j)
end do
end do
deallocate (p_tmp)
nn_k = nn_k * n_i(k)
end do
call permutation_final (p_init)
deallocate (imask, n_i)
end subroutine permutation_array_make

Make a list of permutations of the elements marked true in the mask array. The
final permutation list must be allocated with the correct length (n!). The third
argument is the initial permutation to start with, which must have the same
length as the mask array (this is not checked).

(Permutations: procedures)+=
subroutine permutation_array_with_mask (pa, mask, p_init)

type (permutation_t), dimension(:), intent(inout) :: pa
logical, dimension(:), intent(in) :: mask
type(permutation_t), intent(in) :: p_init

integer :: plen

integer :: i, ii, j, fac_i, k, x

integer, dimension(:), allocatable :: index

plen = size (pa)
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allocate (index(count (mask)))
ii =0
do i = 1, size (mask)
if (mask(i)) then
ii = ii + 1
index(ii) = i
end if
end do
pa = p_init
ii =0
fac_i =1
do i = 1, size (mask)
if (mask(i)) then
ii = ii + 1
fac_i = fac_i * ii
x = permute (i, p_init)
do j =1, plen
k = ii - mod (((j-1)*fac_i)/plen, ii)
call insert (pa(j), x, k, ii, index)

end do

end if

end do

deallocate (index)

contains

subroutine insert (p, x, k, n, index)
type(permutation_t), intent(inout) :: p
integer, intent(in) :: x, k, n
integer, dimension(:), intent(in) :: index
integer :: i

do i =n, k+1, -1
php(index(i)) = pikp(index(i-1))
end do
pip(index(k)) = x
end subroutine insert
end subroutine permutation_array_with_mask

The factorial function is needed for pre-determining the number of permutations
that will be generated:

(Permutations: procedures)+=
function factorial (m) result (f)

integer, intent(in) :: n
integer :: f
integer :: i
f=1
do i=2, abs(n)
f = fxi
end do

end function factorial
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2.14.2 Operations on binary codes

Binary codes are needed for phase-space trees. Since the permutation function
uses permutations, and no other special type is involved, we put the functions
here.

This is needed for phase space trees: permute bits in a tree binary code. If
no permutation is given, leave as is. (We may want to access the permutation
directly here if this is efficiency-critical.)

(Permutations: public)4+=
public :: tc_permute

(Permutations: procedures)+=
function tc_permute (k, perm, mask_in) result (pk)

integer(TC), intent(in) :: k, mask_in
type(permutation_t), intent(in) :: perm
integer(TC) :: pk

integer :: i

pk = iand (k, mask_in)
do i = 1, size (permip)
! if (btest(k,i-1)) pk = ibset (pk, permute (perm,i) - 1)
if (btest(k,i-1)) pk = ibset (pk, perm%p(i)-1)
end do
end function tc_permute

This routine returns the number of set bits in the tree code value k. Hence,
it is the number of externals connected to the current line. If mask is present,
the complement of the tree code is also considered, and the smaller number
is returned. This gives the true distance from the external states, taking into
account the initial particles. The complement number is increased by one, since
for a scattering diagram the vertex with the sum of all final-state codes is still
one point apart from the initial particles.

(Permutations: public)+=

public :: tc_decay_level

(Permutations: interfaces)=
interface tc_decay_level
module procedure decay_level_simple
module procedure decay_level_complement
end interface

(Permutations: procedures)+=
function decay_level_complement (k, mask) result (1)
integer(TC), intent(in) :: k, mask
integer :: 1
1 = min (decay_level_simple (k), &
& decay_level_simple (ieor (k, mask)) + 1)
end function decay_level_complement

function decay_level_simple (k) result(l)

integer(TC), intent(in) :: k
integer :: 1

integer :: i

1=0

do i=0, bit_size(k)-1
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if (btest(k,i)) 1 = 1+1
end do
end function decay_level_simple

2.15 Sorting

This small module provides functions for sorting integer or real arrays.
(sorting.f90)=
(F'ile header)

module sorting

(Use kinds)
use diagnostics !NODEP!

(Standard module head)
(Sorting: public)
(Sorting: interfaces)
contains

(Sorting: procedures)

end module sorting

2.15.1 Implementation

The sort function returns, for a given integer or real array, the array sorted by
increasing value. The current implementation is mergesort, which has O(nlnn)
behavior in all cases, and is stable for elements of equal value.
(Sorting: public)=

public :: sort

(Sorting: interfaces)=
interface sort
module procedure sort_int
module procedure sort_real
end interface

The body is identical, just the interface differs.

(Sorting: procedures)=
function sort_int (val_in) result (val)
integer, dimension(:), intent(in) :: val_in
integer, dimension(size(val_in)) :: val
(Sorting: sort)
end function sort_int

function sort_real (val_in) result (val)
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real (default), dimension(:), intent(in) :: val_in
real (default), dimension(size(val_in)) :: val
(Sorting: sort)
end function sort_real

(Sorting: sort)=
val = val_in( order (val_in) )

The order function returns, for a given integer or real array, the array of indices
of the elements sorted by increasing value.
(Sorting: public)+=

public :: order

(Sorting: interfaces)+=
interface order
module procedure order_int
module procedure order_real
end interface

(Sorting: procedures)+=
function order_int (val) result (idx)
integer, dimension(:), intent(in) :: val
integer, dimension(size(val)) :: idx
(Sorting: order)
end function order_int

function order_real (val) result (idx)
real (default), dimension(:), intent(in) :: val
integer, dimension(size(val)) :: idx

(Sorting: order)

end function order_real

We start by individual elements, merge them to pairs, merge those to four-
element subarrays, and so on. The last subarray can extend only up to the
original array bound, of course, and the second of the subarrays to merge should
contain at least one element.
(Sorting: order)=

integer :: mn, i, s, bl, b2, el, e2

n = size (idx)

forall (i = 1:n)

idx(i) = i
end forall
s =1

do while (s < n)
do bl = 1, n-s, 2%s
b2 = bl + s
el =b2 -1
e2 = min (el + s, n)
call merge (idx(bl:e2), idx(bl:el), idx(b2:e2), val)
end do
s =2 % s
end do
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The merging step does the actual sorting. We take two sorted array sections
and merge them to a sorted result array. We are working on the indices, and
comparing is done by taking the associated val which is real or integer.
(Sorting: interfaces)+=
interface merge
module procedure merge_int
module procedure merge_real
end interface

(Sorting: procedures)+=
subroutine merge_int (res, srcl, src2, val)

integer, dimension(:), intent(out) :: res
integer, dimension(:), intent(in) :: srcl, src2
integer, dimension(:), intent(in) :: val
integer, dimension(size(res)) :: tmp

(Sorting: merge)
end subroutine merge_int

subroutine merge_real (res, srcl, src2, val)

integer, dimension(:), intent(out) :: res
integer, dimension(:), intent(in) :: srcl, src2
real (default), dimension(:), intent(in) :: val
integer, dimension(size(res)) :: tmp

(Sorting: merge)
end subroutine merge_real

(Sorting: merge)=

integer :: i1, i2, i
i1 =1
i2 =1

do i = 1, size (tmp)
if (val(src1(il)) <= val(src2(i2))) then
tmp(i) = src1(il); il = il + 1
if (i1 > size (srcl)) then
tmp(i+l:) = src2(i2:)
exit
end if
else
tmp(i) = src2(i2); i2 = i2 + 1
if (i2 > size (src2)) then
tmp(i+1:) = srci(il:)
exit
end if
end if
end do
res = tmp

2.15.2 Concatenating arrays

Not precisely a sorting function, but useful: Concatenate two arrays.

(Sorting: public)+=
public :: concat
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(Sorting: interfaces)+=
interface concat
module procedure concat_int
module procedure concat_real
end interface

(Sorting: procedures)+=
function concat_int (vall, val2) result (valil2)
integer, dimension(:), intent(in) :: vall, val2
integer, dimension(size(vall)+size(val2)) :: vall2
(Sorting: concat)
end function concat_int

function concat_real (vall, val2) result (valil2)
real (default), dimension(:), intent(in) :: vall, val2
integer, dimension(size(vall)+size(val2)) :: vall2
(Sorting: concat)
end function concat_real

(Sorting: concat)=
vall2(:size(vall)) = vall
valil2(size(vall)+1:) = val2

2.15.3 Test

(Sorting: public)+=
public :: sorting_test

(Sorting: procedures)+=
subroutine sorting_test ()
integer, parameter :: NMAX = 10
real (default), dimension(NMAX) :: rval

integer, dimension(NMAX) :: ival
real, dimension(NMAX) :: harvest
integer :: i, j

print *, "Sorting real values:"
do i = 1, NMAX
print *
call random_number (harvest(:i))
rval(:i) = harvest(:i)
print "(10(1x,F7.4))", rval(:i)
rval(:i) = sort (rval(:i))
print "(10(1x,F7.4))", rval(:1i)
do j =1, 2, -1
if (rval(j)-rval(j-1) < 0) &
call msg_fatal ("Sorting failure")
end do
end do
print *
print *, "Sorting integer values:"
do i = 1, NMAX
print *
call random_number (harvest(:i))
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ival(:i) = harvest(:i) * NMAX x 2
print "(10(1x,I2))", ival(:i)
ival(:i) = sort (ival(:i))
print "(10(1x,I2))", ival(:i)
do j =1, 2, -1
if (ival(j)-ival(j-1) < 0) &
call msg_fatal ("Sorting failure")
end do
end do
end subroutine sorting_test
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Chapter 3

Text handling

WHIZARD has to handle complex structures in input (and output) data. Doing
this in a generic and transparent way requires a generic lexer and parser. The
necessary modules are implemented here:

ifiles Implementation of line-oriented internal files in a more flexible way (linked
lists of variable-length strings) than the Fortran builtin features.

lexers Read text and transform it into a token stream.
syntax_rules Define the rules for interpreting tokens, to be used by the parser.

parser Categorize tokens (keyword, string, number etc.) and use a set of syntax
rules to transform the input into a parse tree.
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3.1 Internal files

The internal files introduced here (ifile) are a replacement for the built-in
internal files, which are fixed-size arrays of fixed-length character strings. The
ifile type is a doubly-linked list of variable-length character strings with line
numbers.
(ifiles.f£90)=

(File header)

module ifiles

(Use strings)
(Use file utils)
use limits, only: EOF !NODEP!

(Standard module head)
(Ifiles: public)

(Ifiles: types)

(Ifiles: interfaces)
contains

(Ifiles: subroutines)

end module ifiles

3.1.1 iostat codes

(Limits: public parameters)+=
integer, parameter, public :: EOF = iostat_end, EOR = iostat_eor

3.1.2 The line type

The line entry type is for internal use, it is the list entry to be collected in an
ifile object.
(Ifiles: types)=
type :: line_entry_t
private
type(line_entry_t), pointer :: previous => null ()
type(line_entry_t), pointer :: next => null ()
type(string_t) :: string
integer :: index
end type line_entry_t

Create a new list entry, given a varying string as input. The line number and
pointers are not set, these make sense only within an ifile.

(Ifiles: subroutines)=
subroutine line_entry_create (line, string)
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type(line_entry_t), pointer :: line
type(string_t), intent(in) :: string
allocate (line)
lineYstring = string

end subroutine line_entry_create

Destroy a single list entry: Since the pointer components should not be deallo-
cated explicitly, just deallocate the object itself.
(Ifiles: subroutines)+=
subroutine line_entry_destroy (line)
type(line_entry_t), pointer :: line
deallocate (line)
end subroutine line_entry_destroy

3.1.3 The ifile type

The internal file is a linked list of line entries.
(Ifiles: public)=
public :: ifile_t

(Ifiles: types)+=
type :: ifile_t
private
type(line_entry_t), pointer :: first => null ()
type(line_entry_t), pointer :: last => null ()
integer :: n_lines = 0
end type ifile_t

We need no explicit initializer, but a routine which recursively deallocates the
contents may be appropriate. After this, existing line pointers may become
undefined, so they should be nullified before the file is destroyed.
(Ifiles: public)+=
public :: ifile_clear
(Ifiles: subroutines)+=
subroutine ifile_clear (ifile)
type(ifile_t), intent(inout) :: ifile
type(line_entry_t), pointer :: current
do while (associated (ifile)first))
current => ifilelfirst
ifile)ifirst => currentnext
call line_entry_destroy (current)
end do
nullify (ifile¥last)
ifile)n_lines = 0
end subroutine ifile_clear

The finalizer is just an alias for the above.

(Ifiles: public)+=
public :: ifile_final
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(Ifiles: interfaces)=
interface ifile_final
module procedure ifile_clear
end interface

3.1.4 1I/0O on ifiles

Fill an ifile from an ordinary external file, i.e., I/O unit. If the ifile is not empty,
the old contents will be destroyed. We can read a fixed-length character string,
an ISO varying string, an ordinary internal file (character-string array), or from
an external unit. In the latter case, lines are appended until EOF is reached.
Finally, there is a variant which reads from another ifile, effectively copying it.
(Ifiles: public)+=

public :: ifile_read

(Ifiles: interfaces)+=

interface ifile_read
module procedure ifile_read_from_string
module procedure ifile_read_from_char
module procedure ifile_read_from_unit
module procedure ifile_read_from_char_array
module procedure ifile_read_from_ifile

end interface

(Ifiles: subroutines)+=
subroutine ifile_read_from_string (ifile, string)
type(ifile_t), intent(inout) :: ifile
type(string_t), intent(in) :: string
call ifile_clear (ifile)
call ifile_append (ifile, string)
end subroutine ifile_read_from_string

subroutine ifile_read_from_char (ifile, char)
type(ifile_t), intent(inout) :: ifile
character(*), intent(in) :: char
call ifile_clear (ifile)
call ifile_append (ifile, char)

end subroutine ifile_read_from_char

subroutine ifile_read_from_char_array (ifile, char)
type(ifile_t), intent(inout) :: ifile
character(*), dimension(:), intent(in) :: char
call ifile_clear (ifile)
call ifile_append (ifile, char)

end subroutine ifile_read_from_char_array

subroutine ifile_read_from_unit (ifile, unit, iostat)

type(ifile_t), intent(inout) :: ifile
integer, intent(in) :: unit
integer, intent(out), optional :: iostat

call ifile_clear (ifile)
call ifile_append (ifile, unit, iostat)
end subroutine ifile_read_from_unit
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subroutine ifile_read_from_ifile (ifile, ifile_in)
type(ifile_t), intent(inout) :: ifile
type(ifile_t), intent(in) :: ifile_in
call ifile_clear (ifile)
call ifile_append (ifile, ifile_in)

end subroutine ifile_read_from_ifile

Append to an ifile. The same as reading, but without resetting the ifile. In
addition, there is a routine for appending a whole ifile.
(Ifiles: public)+=
public :: ifile_append
(Ifiles: interfaces)+=
interface ifile_append
module procedure ifile_append_from_string
module procedure ifile_append_from_char
module procedure ifile_append_from_unit
module procedure ifile_append_from_char_array
module procedure ifile_append_from_ifile
end interface

(Ifiles: subroutines)+=
subroutine ifile_append_from_string (ifile, string)

type(ifile_t), intent(inout) :: ifile
type(string_t), intent(in) :: string
type(line_entry_t), pointer :: current

call line_entry_create (current, string)

currentyindex = ifileYn_lines + 1

if (associated (ifilellast)) then
currentyprevious => ifilejlast
ifile%last)next => current

else
ifileYfirst => current

end if

ifile%last => current

ifile%n_lines = current’,index

end subroutine ifile_append_from_string

subroutine ifile_append_from_char (ifile, char)

type(ifile_t), intent(inout) :: ifile

character(*), intent(in) :: char

call ifile_append_from_string (ifile, var_str (trim (char)))
end subroutine ifile_append_from_char

subroutine ifile_append_from_char_array (ifile, char)

type(ifile_t), intent(inout) :: ifile
character(*), dimension(:), intent(in) :: char
integer :: i

do i = 1, size (char)
call ifile_append_from_string (ifile, var_str (trim (char(i))))
end do
end subroutine ifile_append_from_char_array

subroutine ifile_append_from_unit (ifile, unit, iostat)
type(ifile_t), intent(inout) :: ifile
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integer, intent(in) :: unit

integer, intent(out), optional :: iostat
type(string_t) :: buffer

integer :: ios

ios = 0

READ_LOQOP: do
call get (unit, buffer, iostat = ios)
if (ios == EOF .or. ios > 0) exit READ_LOOP
call ifile_append_from_string (ifile, buffer)
end do READ_LOOP
if (present (iostat)) then
iostat = ios
else if (ios > 0) then
call get (unit, buffer) ! trigger error again
end if
end subroutine ifile_append_from_unit

subroutine ifile_append_from_ifile (ifile, ifile_in)

type(ifile_t), intent(inout) :: ifile
type(ifile_t), intent(in) :: ifile_in
type(line_entry_t), pointer :: current

current => ifile_in)first
do while (associated (current))
call ifile_append_from_string (ifile, currentstring)
current => current/next
end do
end subroutine ifile_append_from_ifile

Write the ifile contents to an external unit

(Ifiles: public)+=
public :: ifile_write

(Ifiles: subroutines)+=
subroutine ifile_write (ifile, unit, iostat)
type(ifile_t), intent(in) :: ifile
integer, intent(in), optional :: unit
integer, intent(out), optional :: iostat
integer :: u
type(line_entry_t), pointer :: current
u = output_unit (unit); if (u < 0) return
current => ifile)first
do while (associated (current))
call put_line (u, currentystring, iostat)
current => currentynext
end do
end subroutine ifile_write

Convert the ifile to an array of strings, which is allocated by this function:
(Ifiles: public)+=
public :: ifile_to_string_array

(Ifiles: subroutines)+=
subroutine ifile_to_string_array (ifile, string)
type(ifile_t), intent(in) :: ifile
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type(string_t), dimension(:), intent(inout), allocatable :: string
type(line_entry_t), pointer :: current
integer :: i
allocate (string (ifile_get_length (ifile)))
current => ifileyfirst
do i =1, ifile_get_length (ifile)
string(i) = currentistring
current => currentnext
end do
end subroutine ifile_to_string_array

3.1.5 Ifile tools

(Ifiles: public)+=
public :: ifile_get_length
(Ifiles: subroutines)+=
function ifile_get_length (ifile) result (length)
integer :: length
type(ifile_t), intent(in) :: ifile
length = ifileYn_lines
end function ifile_get_length

3.1.6 Line pointers

Instead of the implicit pointer used in ordinary file access, we define explicit
pointers, so there can be more than one at a time.
(Ifiles: public)+=
public :: line_p
(Ifiles: types)+=
type :: line_p
private
type(line_entry_t), pointer :: p => null ()
end type line_p

Assign a file pointer to the first or last line in an ifile:
(Ifiles: public)+=

public :: line_init
(Ifiles: subroutines)+=

subroutine line_init (line, ifile, back)

type(line_p), intent(inout) :: line
type(ifile_t), intent(in) :: ifile
logical, intent(in), optional :: back

if (present (back)) then
if (back) then
line’p => ifile}last
else
line)p => ifilefirst
end if
else
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lineYp => ifile)first
end if
end subroutine line_init

Remove the pointer association:
(Ifiles: publicy+=
public :: line_final
(Ifiles: subroutines)+=
subroutine line_final (line)
type(line_p), intent(inout) :: line
nullify (line%p)
end subroutine line_final

Go one step forward
(Ifiles: public)+=
public :: line_advance
(Ifiles: subroutines)+=
subroutine line_advance (line)
type(line_p), intent(inout) :: line
if (associated (line%p)) line)p => linelplnext
end subroutine line_advance

Go one step backward
(Ifiles: public)+=
public :: line_backspace
(Ifiles: subroutines)+=
subroutine line_backspace (line)
type(line_p), intent(inout) :: line
if (associated (line%p)) 1linelp => lineYplprevious
end subroutine line_backspace

Check whether we are accessing a valid line
(Ifiles: public)+=
public :: line_is_associated
(Ifiles: subroutines)+=
function line_is_associated (line) result (ok)
logical :: ok
type(line_p), intent(in) :: line
ok = associated (line%p)
end function line_is_associated

3.1.7 Access lines via pointers

We do not need the ifile as an argument to these functions, because the line
type will point to an existing ifile.

(Ifiles: public)+=
public :: line_get_string
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(Ifiles: subroutines)+=
function line_get_string (line) result (string)
type(string_t) :: string
type(line_p), intent(in) :: line
if (associated (line%p)) then
string = line)p/string
else
string = ""
end if
end function line_get_string

Variant where the line pointer is advanced after reading.
(Ifiles: public)+=
public :: line_get_string_advance
(Ifiles: subroutines)+=
function line_get_string_advance (line) result (string)
type(string_t) :: string
type(line_p), intent(inout) :: line
if (associated (lineYp)) then
string = linelplstring
call line_advance (line)
else
string = ""
end if
end function line_get_string_advance

(Ifiles: public)+=
public :: line_get_index
(Ifiles: subroutines)+=
function line_get_index (line) result (index)
integer :: index
type(line_p), intent(in) :: line
if (associated (lineYp)) then
index = lineYp%index
else
index = 0
end if
end function line_get_index

(Ifiles: public)+=
public :: line_get_length
(Ifiles: subroutines)+=
function line_get_length (line) result (length)
integer :: length
type(line_p), intent(in) :: line
if (associated (line%p)) then
length = len (lineYplstring)
else
length = 0
end if
end function line_get_length
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3.2 Lexer

The lexer purpose is to read from a line-separated character input stream (usu-
ally a file) and properly chop the stream into lexemes (tokens). [The parser will
transform lexemes into meaningful tokens, to be stored in a parse tree, there-
fore we do not use the term ’token’ here.] The input is read line-by-line, but
interpreted free-form, except for quotes and the comment syntax. (Fortran 2003
would allow us to use a stream type for reading.)

In an object-oriented approach, we can dynamically create and destroy lex-
ers, including the lexer setup.

The main lexer function is to return a lexeme according to the basic lexer
rules (quotes, comments, whitespace, special classes). There is also a routine to
write back a lexeme to the input stream (but only once).

For the rules, we separate the possible characters into classes. Whitespace
usually consists of blank, tab, and line-feed, where any number of consecutive
whitespace is equivalent to one. Quoted strings are enclosed by a pair of quote
characters, possibly multiline. Comments are similar to quotes, but interpreted
as whitespace. Numbers are identified (not distinguishing real and integer) but
not interpreted. Other character classes make up identifiers.

(lexers.£90)=
(File header)

module lexers
(Use strings)
(Use file utils)
use limits, only: EOF, EOR !NODEP!
use limits, only: LF !NODEP!
use limits, only: WHITESPACE_CHARS, LCLETTERS, UCLETTERS, DIGITS !NODEP!
use diagnostics !NODEP!
use ifiles, only: ifile_t
use ifiles, only: line_p, line_is_associated, line_init, line_final
use ifiles, only: line_get_string_advance
(Standard module head)
(Lezer: public)
(Lexer: parameters)
(Lexer: types)
(Lezer: interfaces)
contains

(Lezxer: procedures)

end module lexers
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3.2.1 Input streams

For flexible input, we define a generic stream type that refers to either an ex-
ternal file, an external unit which is already open, a string, an ifile object
(internal file, i.e., string list), or a line pointer to an ifile object. The stream
type actually follows the idea of a formatted external file, which is line-oriented.
Thus, the stream reader always returns a whole record (input line).

Note that only in the string version, the stream contents are stored inside
the stream object. In the ifile version, the stream contains only the line
pointer, while in the external-file case, the line pointer is implicitly created by
the runtime library.

(Lexer: public)=
public :: stream_t

(Lexer: types)=

type :: stream_t
type(string_t), pointer :: filename => null ()
integer, pointer :: unit => null ()
type(string_t), pointer :: string => null ()
type(ifile_t), pointer :: ifile => null ()
type(line_p), pointer :: line => null ()
integer :: record = 0
logical :: eof = .false.

end type stream_t

The initializers refer to the specific version. The stream should be undefined
before calling this.
(Lezer: public)+=

public :: stream_init

(Lexer: interfaces)=

interface stream_init
module procedure stream_init_filename
module procedure stream_init_unit
module procedure stream_init_string
module procedure stream_init_ifile
module procedure stream_init_line

end interface

(Lexer: procedures)=
subroutine stream_init_filename (stream, filename)

type(stream_t), intent(out) :: stream
character(*), intent(in) :: filename
integer :: unit

unit = free_unit ()
open (unit=unit, file=filename, status="old", action="read")
call stream_init_unit (stream, unit)
allocate (streamyfilename)
streamyfilename = filename
end subroutine stream_init_filename

subroutine stream_init_unit (stream, unit)

type(stream_t), intent(out) :: stream
integer, intent(in) :: unit
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allocate (streamunit)
stream/unit = unit
streamfeof = .false.

end subroutine stream_init_unit

subroutine stream_init_string (stream, string)
type(stream_t), intent(out) :: stream
type(string_t), intent(in) :: string
allocate (streamystring)
stream/string = string

end subroutine stream_init_string

subroutine stream_init_ifile (stream, ifile)
type(stream_t), intent(out) :: stream
type(ifile_t), intent(in) :: ifile
type(line_p) :: line
call line_init (line, ifile)
call stream_init_line (stream, line)
allocate (stream¥ifile)
streamfifile = ifile

end subroutine stream_init_ifile

subroutine stream_init_line (stream, line)
type(stream_t), intent(out) :: stream
type(line_p), intent(in) :: line
allocate (stream)line)
stream¥%line = line

end subroutine stream_init_line

The finalizer restores the initial state. If an external file was opened, it is closed.
(Lexer: public)+=
public :: stream_final

(Lexer: procedures)+=
subroutine stream_final (stream)

type(stream_t), intent(inout) :: stream

if (associated (streamyfilename)) then
close (streamjunit)
deallocate (stream)unit)
deallocate (stream)filename)

else if (associated (streamjunit)) then
deallocate (streamunit)

else if (associated (streamystring)) then
deallocate (streamystring)

else if (associated (stream}ifile)) then
call line_final (stream’line)
deallocate (streamyline)
deallocate (streamfifile)

else if (associated (stream)line)) then
call line_final (stream}line)
deallocate (streamyline)

end if

end subroutine stream_final
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This returns the next record from the input stream. Depending on the stream
type, the stream pointers are modified: Reading from external unit, the external
file is advanced (implicitly). Reading from string, the string is replaced by an
empty string. Reading from ifile, the line pointer is advanced. Note that the
iostat argument is mandatory.
(Lexer: public)+=

public :: stream_get_record
(Lexer: procedures)+=

subroutine stream_get_record (stream, string, iostat)

type(stream_t), intent(inout) :: stream
type(string_t), intent(out) :: string
integer, intent(out) :: iostat

if (associated (streamunit)) then
if (streamjeof) then
iostat = EOF
else
call get (streamjunit, string, iostat=iostat)
if (iostat == EOR) then
iostat = 0
streamfrecord = streamjrecord + 1
end if
if (iostat == EOF) then
iostat = 0

streamjeof = .true.
if (len (string) /= 0) streamlrecord = streamjrecord + 1
end if
end if

else if (associated (streamjstring)) then
if (len (stream)string) /= 0) then
string = stream)string
streamjstring = ""
iostat = 0
streamjirecord = streamlrecord + 1
else
string = ""
iostat = EOF
end if
else if (associated (stream)line)) then
if (line_is_associated (streamline)) then
string = line_get_string_advance (stream)line)
iostat = 0
streamjirecord = streamjyrecord + 1

else
string = ""
iostat = EOF
end if
else
call msg_bug (" Attempt to read from uninitialized input stream")
end if

end subroutine stream_get_record

Return the current stream source as a message string.
(Lexer: public)+=
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public :: stream_get_source_info_string

(Lexer: procedures)+=
function stream_get_source_info_string (stream) result (string)

type(string_t) :: string

type(stream_t), intent(in) :: stream

character(20) :: buffer

if (associated (streamyfilename)) then
string = "File ’" // stream)filename // "’ (unit = "
write (buffer, "(I0)") streamjunit
string = string // trim (buffer) // ")"

else if (associated (stream/unit)) then
write (buffer, "(I0)") streamjunit
string = "Unit " // trim (buffer)

else if (associated (streamjstring)) then

string = "Input string"

else if (associated (stream)ifile) .or. associated (stream}line)) then
string = "Internal file"

else
string = ""

end if

end function stream_get_source_info_string

Return the index of the record just read as a message string.
(Lexer: public)+=
public :: stream_get_record_info_string
(Lexer: procedures)+=
function stream_get_record_info_string (stream) result (string)

type(string_t) :: string
type(stream_t), intent(in) :: stream
character(20) :: buffer

string = stream_get_source_info_string (stream)
if (string /= "") string = string // ", "
write (buffer, "(I0)") stream)irecord
string = string // "line " // trim (buffer)

end function stream_get_record_info_string

3.2.2 Keyword list

The lexer should be capable of identifying a token as a known keyword. To this
end, we store a list of keywords:
(Lezer: public)+=

public :: keyword_list_t

(Lexer: types)+=
type :: keyword_entry_t
private
type(string_t) :: string
type (keyword_entry_t), pointer :: next => null ()
end type keyword_entry_t

type :: keyword_list_t
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private

type (keyword_entry_t), pointer :: first => null ()

type (keyword_entry_t), pointer :: last => null ()
end type keyword_list_t

Add a new string to the keyword list, unless it is already there:

(Lexer: public)+=
public :: keyword_list_add

(Lexer: procedures)+=
subroutine keyword_list_add (keylist, string)

type (keyword_list_t), intent(inout) :: keylist

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

type (keyword_entry_t), pointer :: k_entry_new

if (.not. keyword_list_contains (keylist, string)) then
allocate (k_entry_new)
k_entry_new/string = string
if (associated (keylist)first)) then

keylistilast¥next => k_entry_new

else
keylist)first => k_entry_new
end if
keylist)last => k_entry_new
end if

end subroutine keyword_list_add

Return true if a string is a keyword.

(Lexer: public)+=
public :: keyword_list_contains

(Lexer: procedures)4+=
function keyword_list_contains (keylist, string) result (found)
type (keyword_list_t), intent(in) :: keylist
type(string_t), intent(in) :: string
logical :: found
found = .false.
call check_rec (keylistlfirst)
contains
recursive subroutine check_rec (k_entry)
type (keyword_entry_t), pointer :: k_entry
if (associated (k_entry)) then
if (k_entry’%string /= string) then
call check_rec (k_entry’next)
else
found = .true.
end if
end if
end subroutine check_rec
end function keyword_list_contains

Write the keyword list

(Lexer: public)+=
public :: keyword_list_write
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(Lexer: interfaces)+=
interface keyword_list_write
module procedure keyword_list_write_unit
end interface

(Lezer: procedures)+=
subroutine keyword_list_write_unit (keylist, unit)
type (keyword_list_t), intent(in) :: keylist
integer, intent(in) :: unit
write (unit, "(A)") "Keyword list:"
if (associated (keylist)first)) then
call keyword_write_rec (keylist)first)
write (unit, *)
else
write (unit, "(1x,A)") "[empty]l"
end if
contains
recursive subroutine keyword_write_rec (k_entry)
type (keyword_entry_t), intent(in), pointer :: k_entry
if (associated (k_entry)) then
write (unit, "(1x,A)", advance="no") char (k_entry/%string)
call keyword_write_rec (k_entry’next)
end if
end subroutine keyword_write_rec
end subroutine keyword_list_write_unit

Clear the keyword list
(Lexer: public)+=
public :: keyword_list_final

(Lexer: procedures)+=
subroutine keyword_list_final (keylist)
type (keyword_list_t), intent(inout) :: keylist
call keyword_destroy_rec (keylistlfirst)
nullify (keylist¥%last)
contains
recursive subroutine keyword_destroy_rec (k_entry)
type (keyword_entry_t), pointer :: k_entry
if (associated (k_entry)) then
call keyword_destroy_rec (k_entry’next)
deallocate (k_entry)
end if
end subroutine keyword_destroy_rec
end subroutine keyword_list_final

3.2.3 Lexeme templates

This type is handled like a rudimentary regular expression. It determines the
lexer behavior when matching a string. The actual objects made from this type
and the corresponding matching routines are listed below.
(Lexer: types)+=

type :: template_t
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private
integer :: type
character(256)

: charsetl, charset2

integer :: lenl, len2

end type template_t

These are the types that valid lexemes can have:

(Lexer: public)+=

public :: T_KEYWORD, T_IDENTIFIER, T_QUOTED, T_NUMERIC

(Lezer: parameters)=

integer, parameter ::
integer, parameter ::

These are special types:

(Lexer: parameters)4+=

integer, parameter ::
integer, parameter ::
integer, parameter ::

T_KEYWORD = 1
T_IDENTIFIER = 2, T_QUOTED = 3, T_NUMERIC = 4

EMPTY = O, WHITESPACE = 10
NO_MATCH = 11, IO_ERROR = 12, OVERFLOW = 13
UNMATCHED_QUOTE = 14

In addition, we have EOF which is a negative integer, normally —1. Printout for

debugging:

(Lexer: procedures)+=

subroutine lexeme_type_write (type, unit)

integer, intent(in)
integer, intent(in)
select case (type)

case (EMPTY);
case (WHITESPACE);

i type
11 unit

write(unit,"(A)",advance="no") " EMPTY "
write(unit,"(A)",advance="no") " WHITESPACE "

case (T_IDENTIFIER);write(unit,"(A)",advance="no") " IDENTIFIER "

case (T_QUOTED);
case (T_NUMERIC);
case (IO_ERROR);
case (OVERFLOW);

write(unit," (A)",advance="no") " QUOTED "
write(unit,"(A)",advance="no") " NUMERIC "
write(unit,"(A)",advance="no") " IO_ERROR "
write(unit,"(A)",advance="no") " OVERFLOW "

case (UNMATCHED_QUOTE) ; write(unit," (A)",advance="no") " UNMATCHEDQ "

case (NO_MATCH);
case (EOF);

case default;
end select

write(unit,"(A)",advance="no") " NO_MATCH "
write(unit,"(A)",advance="no") " EOF "
write(unit,"(A)",advance="no") " [illegal] "

end subroutine lexeme_type_write

subroutine template_write (tt, unit)
type(template_t), intent(in) :: tt

integer, intent(in)

¢ unit

call lexeme_type_write (ttltype, unit)

write (unit, "(A)",

advance="no") "’" // ttlcharset1(1l:tt%lenl) // ""

write (unit, "(A)", advance="no") " ’" // tt¥charset2(1:tt)len2) // "’"
end subroutine template_write

The matching functions all return the number of matched characters in the
provided string. If this number is zero, the match has failed.
The template functions are declared pure because they appear in forall

loops below.
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A template for whitespace:

(Lezer: procedures)+=
pure function template_whitespace (chars) result (tt)

character(*), intent(in) :: chars
type(template_t) :: tt
tt = template_t (WHITESPACE, chars, "", len (chars), 0)

end function template_whitespace

Just match the string against the character set.
(Lexer: procedures)+=
subroutine match_whitespace (tt, s, n)
type(template_t), intent(in) :: tt
character(x), intent(in) :: s
integer, intent(out) :: n
n = verify (s, tt%charset1(l:tt%lenl)) - 1
if (n < 0) n = len (s)
end subroutine match_whitespace

A template for normal identifiers. To match, a lexeme should have a first char-
acter in class charsl and an arbitrary number of further characters in class
chars2. If the latter is empty, we are looking for a single-character lexeme.

(Lexer: procedures)+=
pure function template_identifier (charsl, chars2) result (tt)
character(*), intent(in) :: charsl, chars2
type(template_t) :: tt
tt = template_t (T_IDENTIFIER, charsl, chars2, len(charsl), len(chars2))
end function template_identifier

Here, the first letter must match, the others may or may not.
(Lexer: procedures)+=
subroutine match_identifier (tt, s, n)
type(template_t), intent(in) :: tt
character(x), intent(in) :: s
integer, intent(out) :: n
if (verify (s(1:1), tt¥charset1(l:tt)lenl)) == 0) then
n = verify (s(2:), ttlcharset2(1l:tt)len2))
if (n == 0) n = len (s)
else
n=20
end if
end subroutine match_identifier

A template for quoted strings. The same template applies for comments. The
first character set indicates the left quote (could be a sequence of several char-
acters), the second one the matching right quote.
(Lexer: procedures)+=
pure function template_quoted (charsl, chars2) result (tt)
character(*), intent(in) :: charsl, chars2
type(template_t) :: tt
tt = template_t (T_QUOTED, charsi, chars2, len (charsi), len (chars2))
end function template_quoted
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Here, the beginning of the string must exactly match the first character set,
then we look for the second one. If found, return. If there is a first quote but
no second one, return a negative number, indicating this error condition.

(Lexer: procedures)4+=
subroutine match_quoted (tt, s, n, range)

type(template_t), intent(in) :: tt
character(*), intent(in) :: s

integer, intent(out) :: n

integer, dimension(2), intent(out) :: range
character(tt)lenl) :: chl
character(tt¥%len2) :: ch2

integer :: i

chl = tt)charsetl
if (s(1:tt%lenl) == chl) then
ch2 = tt¥charset?2
do i = tt}lenl + 1, len (s) - ttl)len2 + 1
if (s(i:i+tt%len2-1) == ch2) then
n =1+ tt}len2 - 1
range(1) = tt¥lenl + 1
range(2) =1 - 1

return
end if

end do

n=-1

range = 0
else

n=20

range = 0
end if

end subroutine match_quoted

A template for real numbers. The first character set is the set of allowed expo-
nent letters. In accordance with the other functions we return the lexeme as a
string but do not read it.
(Lexer: procedures)+=
pure function template_numeric (chars) result (tt)
character(*), intent(in) :: chars
type(template_t) :: tt
tt = template_t (T_NUMERIC, chars, "", len (chars), 0)
end function template_numeric

A numeric lexeme may be real or integer. We purposely do not allow for a
preceding sign. If the number is followed by an exponent, this is included,
otherwise the rest is ignored.

There is a possible pitfall with this behavior: while the string 1e3 will be
interpreted as a single number, the analogous string 1a3 will be split into the
number 1 and an identifier a3. There is no easy way around such an ambiguity.
We should make sure that the syntax does not contain identifiers like a3 or e3.
(Lexer: procedures)4+=

subroutine match_numeric (tt, s, n)
type(template_t), intent(in) :: tt
character(*), intent(in) :: s
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integer, intent(out) :: n

integer :: i, n0
character(10), parameter :: digits = "0123456789"
character(2), parameter :: signs = "-+"

n = verify (s, digits) - 1
if (n < 0) then
n=20
return
else if (s(n+1:n+1) == ".") then
i = verify (s(n+2:), digits) - 1
if (i < 0) then
n = len (s)
return
else if (i > 0 .or. n > 0) then
n=n+1+1i

end if
end if
n0 = n

if (n > 0) then
if (verify (s(n+1:n+1), ttlcharseti(l:tt)lenl)) == 0) then
n=n+1
if (verify (s(n+1l:n+1), signs) == 0) n=n + 1
i = verify (s(n+1:), digits) - 1
if (i < 0) then
n = len (s)
else if (i == 0) then

n = n0
else
n=n+i
end if
end if

end if
end subroutine match_numeric

The generic matching routine. With Fortran 2003 we would define separate
types and use a SELECT TYPE instead.
(Lexer: procedures)+=

subroutine match_template (tt, s, n, range)
type(template_t), intent(in) :: tt

character(*), intent(in) :: s
integer, intent(out) :: n
integer, dimension(2), intent(out) :: range

select case (ttltype)
case (WHITESPACE)
call match_whitespace (tt, s, n)
range = 0
case (T_IDENTIFIER)
call match_identifier (tt, s, n)
range(1) = 1
range(2) = len_trim (s)
case (T_QUOTED)
call match_quoted (tt, s, n, range)
case (T_NUMERIC)
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call match_numeric (tt, s, n)
range (1) 1
range(2) len_trim (s)
case default
call msg_bug ("Invalid lexeme template encountered")
end select
end subroutine match_template

Match against an array of templates. Return the index of the first template
that matches together with the number of characters matched and the range of
the relevant substring. If all fails, these numbers are zero.

(Lexer: procedures)+=
subroutine match (tt, s, n, range, ii)
type(template_t), dimension(:), intent(in)
character(*), intent(in) :: s
integer, intent (out)
integer, dimension(2), intent(out)
integer, intent(out) :: ii
integer :: i
do i =1, size (tt)
call match_template (tt(i), s, n, range)
if (n /= 0) then

ottt

i n
1t range

ii =1
return
end if
end do
n=20
ii =0

end subroutine match

3.2.4 The lexer setup

This object contains information about character classes. As said above, one
class consists of quoting chars (matching left and right), another one of com-
ment chars (similar), a class of whitespace, and several classes of characters
that make up identifiers. When creating the lexer setup, the character classes
are transformed into lexeme templates which are to be matched in a certain
predefined order against the input stream.

BLANK should always be taken as whitespace, some things may depend on
this. TAB is also fixed by convention, but may in principle be modified. Newline
(DOS!) and linefeed are also defined as whitespace.

(Limits: public parameters)+=

) J

BLANK =

character, parameter, public ::
character, parameter, public ::
character, parameter, public ::

character(*), parameter, public ::

CR
BAC

character(*), parameter, public ::
character(*), parameter, public ::
character(*), parameter, public ::
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, TAB = achar(9)

= achar(13), LF = achar(10)

KSLASH = achar(92)

WHITESPACE_CHARS = BLANK// TAB // CR // LF
LCLETTERS = "abcdefghijklmnopgrstuvwxyz"
UCLETTERS = "ABCDEFGHIJKLMNOPQRSTUVWXYZ"
DIGITS = "0123456789"



The lexer setup, containing the list of lexeme templates. No defaults yet. The
type with index zero will be assigned to the NO_MATCH lexeme.

The keyword list is not stored, just a pointer to it. We anticipate that
the keyword list is part of the syntax table, and the lexer needs not alter it.
Furthermore, the lexer is typically finished before the syntax table is.

(Lexer: parameters)+=
integer, parameter :: CASE_KEEP = O, CASE_UP = 1, CASE_DOWN = 2

(Lexer: types)+=
type :: lexer_setup_t

private
type(template_t), dimension(:), allocatable :: tt
integer, dimension(:), allocatable :: type

integer :: keyword_case = CASE_KEEP
type (keyword_list_t), pointer :: keyword_list => null ()
end type lexer_setup_t

Fill the lexer setup object. Some things are hardcoded here (whitespace, al-
phanumeric identifiers), some are free: comment chars (but these must be sin-
gle, and comments must be terminated by line-feed), quote chars and matches
(must be single), characters to be read as one-character lexeme, special classes
(characters of one class that should be glued together as identifiers).
(Lexer: procedures)+=
subroutine lexer_setup_init (setup, &

comment_chars, quote_chars, quote_match, &

single_chars, special_class, &

keyword_list, upper_case_keywords)

type(lexer_setup_t), intent(inout) :: setup
character(x), intent(in) :: comment_chars

character(*), intent(in) :: quote_chars, quote_match
character(*), intent(in) :: single_chars

character(*), dimension(:), intent(in) :: special_class
type (keyword_list_t), pointer :: keyword_list

logical, intent(in), optional :: upper_case_keywords
integer :: mn, i

if (present (upper_case_keywords)) then
if (upper_case_keywords) then
setuplkeyword_case = CASE_UP

else
setup%keyword_case = CASE_DOWN
end if
else
setup%keyword_case = CASE_KEEP
end if

n = 1 + len (comment_chars) + len (quote_chars) + 1 &
+ len (single_chars) + size (special_class) + 1

allocate (setup%tt(n))

allocate (setupltype(0:n))

n=20
setuplitype(n) = NO_MATCH
n=n+1

setup%tt(n) = template_whitespace (WHITESPACE_CHARS)
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setupltype(n) = EMPTY

forall (i = 1:len(comment_chars))
setup/tt(n+i) = template_quoted (comment_chars(i:i), LF)
setup/type(n+i) = EMPTY

end forall

n =n + len (comment_chars)

forall (i = 1:len(quote_chars))
setuplitt(n+i) = template_quoted (quote_chars(i:i), quote_match(i:i))
setup/type(n+i) = T_QUOTED

end forall

n =n + len (quote_chars)

setup/tt(n+l) = template_numeric ("EeDd")

setup/type(n+1) = T_NUMERIC

n=n+1

forall (i = 1:len (single_chars))

setupitt(n+i) = template_identifier (single_chars(i:i), "")
setup/itype(n+i) = T_IDENTIFIER
end forall

n = n + len (single_chars)
forall (i = 1:size (special_class))
setup/tt(n+i) = template_identifier &
(trim (special_class(i)), trim (special_class(i)))
setup/type(n+i) = T_IDENTIFIER
end forall
n = n + size (special_class)
setup%tt(n+l) = template_identifier &
(LCLETTERS//UCLETTERS, LCLETTERS//DIGITS//"_"//UCLETTERS)
setup%type(n+1) = T_IDENTIFIER
n=n+1
if (n /= size (setupitt)) &
call msg_bug ("Size mismatch in lexer setup")
setuplkeyword_list => keyword_list
end subroutine lexer_setup_init

The destructor is needed only if the object is not itself part of an allocatable
array

(Lexer: procedures)+=
subroutine lexer_setup_final (setup)
type(lexer_setup_t), intent(inout) :: setup
deallocate (setupltt, setupltype)
setupfkeyword_list => null ()
end subroutine lexer_setup_final

For debugging: Write the lexer setup

(Lezer: procedures)+=
subroutine lexer_setup_write (setup, unit)

type(lexer_setup_t), intent(in) :: setup
integer, intent(in) :: unit
integer :: i

write (unit, "(A)") "Lexer setup:"
if (allocated (setup’tt)) then
do i = 1, size (setupitt)
call template_write (setuptt(i), unit)
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write (unit, ’(A)’, advance = "no") " -> "
call lexeme_type_write (setupltype(i), unit)
write (unit, *)
end do
else
write (unit, *) "[empty]"
end if
if (associated (setuplkeyword_list)) then
call keyword_list_write (setuplkeyword_list, unit)
end if
end subroutine lexer_setup_write

3.2.5 The lexeme type

An object of this type is returned by the lexer. Apart from the lexeme string,
it gives information about the relevant substring (first and last character index)
and the lexeme type. Interpreting the string is up to the parser.
(Lexer: public)+=
public :: lexeme_t
(Lexer: types)+=
type :: lexeme_t
private
integer :: type = EMPTY
type(string_t) :: s
integer :: b =0, e =0
end type lexeme_t

Debugging aid:
(Lezer: public)+=
public :: lexeme_write

(Lexer: procedures)+=
subroutine lexeme_write (t, unit)

type(lexeme_t), intent(in) :: t
integer, intent(in) :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
select case (t¥type)
case (T_KEYWORD)

write (u, *) "KEYWORD: v // char (t%s) // "’"
case (T_IDENTIFIER)

write (u, *) "IDENTIFIER: ’" // char (t¥s) // "’"
case (T_QUOTED)

write (u, *) "QUOTED: v // char (t%s) // "’"
case (T_NUMERIC)
write (u, *) "NUMERIC: >n /[ char (t%s) // "°"

case (UNMATCHED_QUOTE)
write (u, *) "Unmatched quote: "// char (t%s)
case (OVERFLOW); write (u, *) "Overflow: "// char (t%s)
case (EMPTY); write (u, *) "Empty lexeme"
case (NO_MATCH); write (u, *) "No match"
case (IO_ERROR); write (u, *) "IO error"
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case (EOF); write (u, *) "EOF"
case default
write (u, *) "Error"
end select
end subroutine lexeme_write

Store string and type in a lexeme. The range determines the beginning and end
of the relevant part of the string. Check for a keyword.

(Lexer: procedures)4+=
subroutine lexeme_set (t, keyword_list, s, range, type, keyword_case)
type(lexeme_t), intent(out) :: t
type (keyword_list_t), pointer :: keyword_list
type(string_t), intent(in) :: s
type(string_t) :: keyword
integer, dimension(2), intent(in) :: range
integer, intent(in) :: type
integer, intent(in), optional :: keyword_case
t/type = type
if (present (keyword_case)) then
select case (keyword_case)
case (CASE_KEEP); keyword = s
case (CASE_UP); keyword = upper_case (s)
case (CASE_DOWN);  keyword = lower_case (s)
end select
else

keyword = s
end if
if (type == T_IDENTIFIER) then
if (associated (keyword_list)) then
if (keyword_list_contains (keyword_list, keyword)) &
t/type = T_KEYWORD
end if
end if
select case (t¥type)
case (T_KEYWORD); t%s
case default; ths
end select
t%b = range(1)
the = range(2)
end subroutine lexeme_set

keyword
s

subroutine lexeme_clear (t)
type(lexeme_t), intent(out) :: t
t/type = EMPTY
t%s = nn

end subroutine lexeme_clear

Retrieve the lexeme string, the relevant part of it, and the type. The last
function returns true if there is a break condition reached (error or EOF).

(Lexer: public)+=

public :: lexeme_get_string
public :: lexeme_get_contents
public :: lexeme_get_delimiters
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public :: lexeme_get_type

(Lexer: procedures)+=
function lexeme_get_string (t) result (s)
type(string_t) :: s
type(lexeme_t), intent(in) :: t
s = ths
end function lexeme_get_string

function lexeme_get_contents (t) result (s)
type(string_t) :: s
type(lexeme_t), intent(in) :: t
s = extract (ths, thb, the)

end function lexeme_get_contents

function lexeme_get_delimiters (t) result (del)
type(string_t), dimension(2) :: del
type(lexeme_t), intent(in) :: t
del(1) = extract (t¥%s, finish = t%b-1)
del(2) = extract (t%s, start = tle+l)

end function lexeme_get_delimiters

function lexeme_get_type (t) result (type)
integer :: type
type(lexeme_t), intent(in) :: t
type = thtype

end function lexeme_get_type

Check for a generic break condition (error/eof) and for eof in particular.
(Lezer: public)+=

public :: lexeme_is_break

public :: lexeme_is_eof

(Lezer: procedures)+=
function lexeme_is_break (t) result (break)
logical :: break
type(lexeme_t), intent(in) :: t
select case (titype)

case (EOF, IO_ERROR, OVERFLOW, NO_MATCH)

break = .true.
case default
break = .false.

end select
end function lexeme_is_break

function lexeme_is_eof (t) result (ok)
logical :: ok
type(lexeme_t), intent(in) :: t
ok = titype == EOF

end function lexeme_is_eof
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3.2.6 The lexer object

We store the current lexeme and the current line. The line buffer is set each
time a new line is read from file. The working buffer has one character more,
to hold any trailing blank. Pointers to line and column are for debugging, they
will be used to make up readable error messages for the parser.
(Lexer: public)+=

public :: lexer_t
(Lexer: types)+=

type :: lexer_t

private

type(lexer_setup_t) :: setup

type(stream_t), pointer :: stream => null ()
type(lexeme_t) :: lexeme

type(string_t) :: previous_line2
type(string_t) :: previous_linel
type(string_t) :: current_line

integer :: lines_read = 0

integer :: current_column = 0O

integer :: previous_column = 0

type(string_t) :: buffer
type(lexer_t), pointer :: parent => null ()
end type lexer_t

Create-setup wrapper

(Lexer: public)+=
public :: lexer_init

(Lexer: procedures)+=
subroutine lexer_init (lexer, &
comment_chars, quote_chars, quote_match, &
single_chars, special_class, &
keyword_list, upper_case_keywords, &

parent)
type(lexer_t), intent(inout) :: lexer
character(*), intent(in) :: comment_chars
character(*), intent(in) :: quote_chars, quote_match
character(*), intent(in) :: single_chars
character(*), dimension(:), intent(in) :: special_class
type (keyword_list_t), pointer :: keyword_list
logical, intent(in), optional :: upper_case_keywords
type(lexer_t), target, intent(in), optional :: parent

call lexer_setup_init (lexersetup, &
comment_chars = comment_chars, &
quote_chars = quote_chars, &
quote_match = quote_match, &
single_chars = single_chars, &
special_class = special_class, &
keyword_list = keyword_list, &
upper_case_keywords = upper_case_keywords)

if (present (parent)) lexer)parent => parent

call lexer_clear (lexer)

end subroutine lexer_init
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Clear the lexer state, but not the setup. This should be done when the lexing
starts, but it is not known whether the lexer was used before.
(Lexer: public)+=

public :: lexer_clear

(Lexer: procedures)+=

subroutine lexer_clear (lexer)
type(lexer_t), intent(inout) :: lexer
call lexeme_clear (lexer,lexeme)
lexer/previous_line2 = ""
1exer%previous_line1 = "
lexerj,current_line = ""
lexer’lines_read = 0
lexerYcurrent_column = O
lexerprevious_column = 0
lexer)buffer = ""

end subroutine lexer_clear

Reset lexer state and delete setup

(Lezer: public)+=
public :: lexer_final

(Lezer: procedures)+=
subroutine lexer_final (lexer)
type(lexer_t), intent(inout) :: lexer
call lexer_clear (lexer)
call lexer_setup_final (lexersetup)
end subroutine lexer_final

3.2.7 The lexer routine

For lexing we need to associate an input stream to the lexer.

(Lexer: public)+=
public :: lexer_assign_stream

(Lezer: procedures)+=
subroutine lexer_assign_stream (lexer, stream)
type(lexer_t), intent(inout) :: lexer
type(stream_t), intent(in), target :: stream
lexerjstream => stream
end subroutine lexer_assign_stream

The lexer. The lexer function takes the lexer and returns the currently stored
lexeme. If there is none, it is read from buffer, matching against the lexeme
templates in the lexer setup. Empty lexemes, i.e., comments and whitespace,
are discarded and the buffer is read again until we have found a nonempty
lexeme (which may also be EOF or an error condition).

The initial state of the lexer contains an empty lexeme, so reading from
buffer is forced. The empty state is restored after returning the lexeme. A
nonempty lexeme is present in the lexer only if lex_back has been executed
before.
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The workspace is the lexerbuffer, treated as a sort of input stream. We
chop off lexemes from the beginning, adjusting the buffer to the left. Whenever
the buffer is empty, or we are matching against an open quote which has not
terminated, we read a new line and append it to the right. This may result
in special conditions, which for simplicity are also returned as lexemes: 1/0
error, buffer overflow, end of file. If the latter happens during reading a quoted
string, we return an unmatched-quote lexeme. Obviously, the special-condition
lexemes have to be caught by the parser.

Note that reading further lines is only necessary when reading a quoted
string. Otherwise, the line-feed that ends each line is interpreted as whites-
pace which terminates a preceding lexeme, so there are no other valid multiline
lexemes.

To enable meaningful error messages, we also keep track of the line number
of the last line read, and the beginning and the end of the current lexeme with
respect to this line.

The lexer is implemented as a function that returns the next lexeme (i.e.,
token). It uses the lexer setup and modifies the buffers and pointers stored
within the lexer, a side effect. The lexer reads from an input stream object,
which also is modified by this reading, e.g., a line pointer is advanced.

(Lezer: public)+=
public :: lex
(Lexer: procedures)4+=
subroutine lex (lexeme, lexer)

type(lexeme_t), intent(out) :: lexeme
type(lexer_t), intent(inout) :: lexer
integer :: iostatl, iostat2

integer :: pos

integer, dimension(2) :: range

integer :: template_index, type
if (.not. associated (lexer)stream)) &
call msg_bug ("Lexer called without assigned stream")
GET_LEXEME: do while (lexeme_get_type (lexerlexeme) == EMPTY)
if (len (lexer¥%buffer) /= 0) then
iostatl = 0
else
call lexer_read_line (lexer, iostatl)
end if
select case (iostatil)
case (0)
MATCH_BUFFER: do
call match (lexerysetup’itt, char (lexeribuffer), &
pos, range, template_index)
if (pos >= 0) then
type = lexersetupltype(template_index)
exit MATCH_BUFFER
else
pos = 0
call lexer_read_line (lexer, iostat2)
select case (iostat2)
case (EOF); type = UNMATCHED_QUOTE; exit MATCH_BUFFER
case (1); type = IO_ERROR; exit MATCH_BUFFER
case (2); type = OVERFLOW; exit MATCH_BUFFER

140



end select
end if
end do MATCH_BUFFER

case (EOF); type = EOF
case (1); type = IO_ERROR
case (2); type = OVERFLOW

end select
call lexeme_set (lexerilexeme, lexer’setuplkeyword_list, &
extract (lexer)buffer, finish=pos), range, type, &
lexersetuplkeyword_case)
lexer/buffer = remove (lexerybuffer, finish=pos)
lexer%previous_column = lexerj,current_column
lexercurrent_column = lexerj,current_column + pos
end do GET_LEXEME
lexeme = lexerj,lexeme
call lexeme_clear (lexer,lexeme)
end subroutine lex

Read a line and append it to the input buffer. If the input buffer overflows,
return iostat=2. Otherwise, iostat=1 indicates an I/O error, and iostat=-1
the EOF.

The input stream may either be an external unit or a ifile object. In the
latter case, a line is read and the line pointer is advanced.

Note that inserting LF between input lines is the Unix convention. Since
we are doing this explicitly when gluing lines together, we can pattern-match
against LF without having to worry about the system.

(Lexer: procedures)+=
subroutine lexer_read_line (lexer, iostat)
type(lexer_t), intent(inout) :: lexer
integer, intent(out) :: iostat
type(string_t) :: current_line
current_line = lexer),current_line
call stream_get_record (lexerlstream, lexerj,current_line, iostat)
if (diostat == 0) then
lexer%lines_read = lexerlines_read + 1
lexer)previous_line2 = lexer)previous_linel
lexer)previous_linel = current_line
lexerYbuffer = lexerYbuffer // lexerYcurrent_line // LF
lexerprevious_column = 0
lexer’,current_column = O
end if
end subroutine lexer_read_line

Once in a while we have read one lexeme to many, which can be pushed back
into the input stream. Do not do this more than once.
(Lezer: public)+=
public :: lexer_put_back
(Lexer: procedures)+=
subroutine lexer_put_back (lexer, lexeme)
type(lexer_t), intent(inout) :: lexer
type(lexeme_t), intent(in) :: lexeme
if (lexeme_get_type (lexerllexeme) == EMPTY) then
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lexerl,lexeme = lexeme
else
call msg_bug (" Lexer: lex_back fails; probably called twice")
end if
end subroutine lexer_put_back

3.2.8 Diagnostics

For debugging: print just the setup
(Lexer: public)+=

public :: lexer_write_setup

(Lexer: procedures)+=
subroutine lexer_write_setup (lexer, unit)

type(lexer_t), intent(in) :: lexer
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
call lexer_setup_write (lexer’setup, u)
end subroutine lexer_write_setup

This is useful for error printing: show the current line with index and a pointer
to the current column within the line.
(Lexer: public)+=

public :: lexer_show_location

(Lexer: procedures)+=
subroutine lexer_show_location (lexer)

type(lexer_t), intent(in) :: lexer
type(string_t) :: loc_str
if (associated (lexer/parent)) then

call lexer_show_source (lexeryparent)

call msg_message ("[includes]")
else

call msg_message ()
end if
if (associated (lexerlstream)) then

call msg_message &

(char (stream_get_record_info_string (lexerystream)) // ":")

end if
if (lexer¥lines_read >= 4) call msg_result ("[...1")
if (lexer)lines_read >= 3) call msg_result (char (lexeryprevious_line2))
if (lexer¥%lines_read >= 2) call msg_result (char (lexerprevious_linel))
if (lexer’lines_read >= 1) then

call msg_result (char (lexerlcurrent_line))

loc_str = repeat (" ", lexer)previous_column)

loc_str = loc_str // "~"

if (lexericurrent_column > lexer)previous_column) then

loc_str = loc_str &
// repeat ("-", max (lexer’current_column &
- lexerjprevious_column - 1, 0)) &

// n~n

end if
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call msg_result (char (loc_str))
end if
end subroutine lexer_show_location

This just prints the current stream source.

(Lezer: procedures)+=
recursive subroutine lexer_show_source (lexer)
type(lexer_t), intent(in) :: lexer
type(string_t) :: loc_str
if (associated (lexer/parent)) then
call lexer_show_source (lexeryparent)
call msg_message ("[includes]")
else
call msg_message ()
end if
if (associated (lexer/stream)) then
call msg_message &
(char (stream_get_source_info_string (lexerlstream)) // ":")
end if
end subroutine lexer_show_source

Test the lexer by lexing and printing all lexemes from unit u, one per line, using
preset conventions
(Lezer: public)+=

public :: lexer_test

(Lexer: procedures)4+=

subroutine lexer_test (lexer, unit)
type(lexer_t), intent(inout) :: lexer
integer, intent(in) :: unit
type(stream_t), target :: stream
type(string_t) :: string
type(lexeme_t) :: lexeme
string = "abcdefghij"
call lexer_init (lexer, &

comment_chars = "", &
quote_chars = "<’""" &
quote_match = ">’""" &
single_chars = "7x+|=,(0", &
special_class = (/ "." /), &

keyword_list = null ())
call stream_init (stream, string)
call lexer_assign_stream (lexer, stream)
do
call lex (lexeme, lexer)
call lexeme_write (lexeme, unit)
if (lexeme_is_break (lexeme)) exit
end do
call stream_final (stream)
call lexer_final (lexer)
end subroutine lexer_test
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3.3 Syntax rules

This module provides tools to handle syntax rules in an abstract way.

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

module syntax_rules

(Use strings)
(Use file utils)
use limits, only: UNQUOTED !NODEP!
use diagnostics !NODEP!
use ifiles, only: line_p, line_init, line_get_string_advance, line_final
use ifiles, only: ifile_t, ifile_get_length
use lexers

(Standard module head)
(Syntaz: public)
(Syntaz: parameters)
(Syntaz: types)
(Syntaz: interfaces)
contains

(Syntaz: subroutines)

end module syntax_rules

3.3.1 Syntax rules

Syntax rules are used by the parser. They determine how to translate the stream
of lexemes as returned by the lexer into the parse tree node. A rule may be
terminal, i.e., replace a matching lexeme into a terminal node. The node will
contain the lexeme interpreted as a recognized token:

e a keyword: unquoted fixed character string;
e a real number, to be determined at runtime;

e an integer, to be determined at runtime;

a boolean value, to be determined at runtime;

a quoted token (e.g., string), to be determined at runtime;

an identifier (unquoted string that is not a recognized keyword), to be
determined at runtime.

It may be nonterminal, i.e., contain a sequence of child rules. These are matched
consecutively (and recursively) against the input stream; the resulting node will
be a branch node.
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e the file, i.e., the input stream as a whole;

e a sequence of syntax elements, where the last syntax element may be
optional, or optional repetitive;

Sequences carry a flag that tells whether the last child is optional or may be
repeated an arbitrary number of times, correponding to the regexp modifiers 7,
* and +.

We also need an alternative rule; this will be replaced by the node generated
by one of its children that matches; thus, it does not create a node of its own.

e an alternative of syntax elements.
We also define special types of sequences as convenience macros:

e a list: a sequence where the elements are separated by a separator keyword
(e.g., commas), the separators are thrown away when parsing the list;

e a group: a sequence of three tokens, where the first and third ones are left
and right delimiters, the delimiters are thrown away;

e an argument list: a delimited list, containing both delimiters and separa-
tors.

It would be great to have a polymorphic type for this purpose, but until Fortran
2003 is out we have to emulate this.
Here are the syntax element codes:
(Syntaz: public)=
public :: S_UNKNOWN
public :: S_LOGICAL, S_INTEGER, S_REAL, S_COMPLEX, S_QUOTED
public :: S_IDENTIFIER, S_KEYWORD
public :: S_SEQUENCE, S_LIST, S_GROUP, S_ARGS
public :: S_ALTERNATIVE
public :: S_IGNORE

(Syntaz: parameters)=
integer, parameter :: &

S_UNKNOWN = 0, &
S_LOGICAL = 1, S_INTEGER = 2, S_REAL = 3, S_COMPLEX = 4, &
S_QUOTED = 5, S_IDENTIFIER = 6, S_KEYWORD =7, &
S_SEQUENCE = 8, S_LIST = 9, S_GROUP = 10, S_ARGS = 11, &
S_ALTERNATIVE = 12, &
S_IGNORE = 99

We need arrays of rule pointers, therefore this construct.
(Syntaz: types)=
type :: rule_p
private
type(syntax_rule_t), pointer :: p => null ()
end type rule_p
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Return the association status of the rule pointer:
(Syntaz: subroutines)=
elemental function rule_is_associated (rp) result (ok)
logical :: ok
type (rule_p), intent(in) :: rp
ok = associated (rpikp)
end function rule_is_associated

The rule type is one of the types listed above, represented by an integer code.
The keyword, for a non-keyword rule, is an identifier used for the printed syntax
table. The array of children is needed for nonterminal rules. In that case, there
is a modifier for the last element (blank, ”?”, 7*” or ”+”), mirrored in the flags
opt and rep. Then, we have the character constants used as separators and
delimiters for this rule. Finally, the used flag can be set to indicate that this
rule is the child of another rule.
(Syntaz: types)+=

public :: syntax_rule_t
(Syntaz: types)+=

type :: syntax_rule_t

private

integer :: type = S_UNKNOWN

logical :: used = .false.

type(string_t) :: keyword

type(string_t) :: separator

type(string_t), dimension(2) :: delimiter
type(rule_p), dimension(:), allocatable :: child
character(1) :: modifier = ""

logical :: opt = .false., rep = .false.
end type syntax_rule_t

Initializer: Set type and key for a rule, but do not (yet) allocate anything.
Finalizer: not needed (no pointer components).

(Syntaz: subroutines)4+=
subroutine syntax_rule_init (rule, key, type)

type(syntax_rule_t), intent(inout) :: rule
type(string_t), intent(in) :: key
integer, intent(in) :: type

rulelkeyword = key
rulelitype = type
select case (rulelitype)
case (S_GROUP)
call syntax_rule_set_delimiter (rule)
case (S_LIST)
call syntax_rule_set_separator (rule)
case (S_ARGS)
call syntax_rule_set_delimiter (rule)
call syntax_rule_set_separator (rule)
end select
end subroutine syntax_rule_init
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3.3.2 1/0

These characters will not be enclosed in quotes when writing syntax rules:

(Limits: public parameters)4+=
character(*), parameter, public :: &
UNQUOTED = "(),|_"//LCLETTERS//UCLETTERS//DIGITS

Write an account of the rule. Setting short true will suppress the node type.
Setting key_only true will suppress the definition. Setting advance false will
suppress the trailing newline.
(Syntaz: public)+=

public :: syntax_rule_write

(Syntaz: subroutines)+=

subroutine syntax_rule_write (rule, unit, short, key_only, advance)

type(syntax_rule_t), intent(in) :: rule

integer, intent(in), optional :: unit

logical, intent(in), optional :: short, key_only, advance
logical :: typ, def, adv

integer :: u

u = output_unit (unit); if (u < 0) return
typ = .true.; if (present (short)) typ
def = .true.; if (present (key_only)) def

.not. short
.not. key_only

adv = .true.; if (present (advance)) adv = advance
select case (rulelitype)

case (S_UNKNOWN) ; call write_atom ("?777", typ)

case (S_IGNORE); call write_atom ("IGNORE", typ)
case (S_LOGICAL); call write_atom ("LOGICAL", typ)
case (S_INTEGER); call write_atom ("INTEGER", typ)
case (S_REAL); call write_atom ("REAL", typ)

case (S_COMPLEX); call write_atom ("COMPLEX", typ)
case (S_IDENTIFIER); call write_atom ("IDENTIFIER", typ)
case (S_KEYWORD); call write_atom ("KEYWORD", typ)

case (S_QUOTED)
call write_quotes (typ, def, del = ruleldelimiter)
case (S_SEQUENCE)
call write_sequence ("SEQUENCE", typ, def, size (rulej)child))
case (S_GROUP)
call write_sequence ("GROUP", typ, def, size (rule%child), &
del = ruleYdelimiter)
case (S_LIST)
call write_sequence ("LIST", typ, def, size (ruleychild), &
sep = rule)separator)
case (S_ARGS)
call write_sequence ("ARGUMENTS", typ, def, size (rulelchild), &
del = rulefdelimiter, sep = rulelseparator)
case (S_ALTERNATIVE)
call write_sequence ("ALTERNATIVE", typ, def, size (rulelchild), &
sep = var_str ("|"))
end select
if (adv) write (u, *)

contains
subroutine write_type (type)
character(*), intent(in) :: type
character(11) :: str
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str = type
write (u, "(1x,A)", advance="no") str
end subroutine write_type
subroutine write_key
write (u, "(1x,A)", advance="no") char (wkey (rule))
end subroutine write_key
subroutine write_atom (type, typ)
character(*), intent(in) :: type
logical, intent(in) :: typ
if (typ) «call write_type (type)
call write_key
end subroutine write_atom
subroutine write_maybe_quoted (string)

character(*), intent(in) :: string
character, parameter :: q = "’"
character, parameter :: qq = "’
if (verify (string, UNQUOTED) == 0) then
write (u, "(1x,A)", advance = "no") trim (string)
else if (verify (string, q) == 0) then

write (u, "(1x,A)", advance = "no") qq // trim (string) // qq
else
write (u, "(1x,A)", advance = "no") q // trim (string) // q
end if
end subroutine write_maybe_quoted
subroutine write_quotes (typ, def, del)
logical, intent(in) :: typ, def
type(string_t), dimension(2), intent(in) :: del
if (typ) call write_type ("QUOTED")
call write_key
if (def) then
write (u, "(1x,’=’)", advance="no")
call write_maybe_quoted (char (del(1)))
write (u, "(1x,A)", advance="no") "..."
call write_maybe_quoted (char (del(2)))
end if
end subroutine write_quotes
subroutine write_sequence (type, typ, def, n, del, sep)

character(*), intent(in) :: type
logical, intent(in) :: typ, def
integer, intent(in) :: n

type(string_t), dimension(2), intent(in), optional :: del
type(string_t), intent(in), optiomnal :: sep
integer :: i
if (typ) call write_type (type)
call write_key
if (def) then
write (u, "(1x,’=’)", advance="no")
if (present (del)) call write_maybe_quoted (char (del(1)))
doi=1,n
if (i > 1 .and. present (sep)) &
call write_maybe_quoted (char (sep))
write (u, "(1x,A)", advance="no") &
char (wkey (syntax_rule_get_sub_ptr(rule, i)))
if (i == n) write (u, "(A)", advance="no") trim (rule’modifier)
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end do
if (present (del)) call write_maybe_quoted (char (del(2)))
end if
end subroutine write_sequence
end subroutine syntax_rule_write

In the printed representation, the keyword strings are enclosed as <. ..>, unless
they are bare keywords. Bare keywords are enclosed as ’ ..’ if they contain a
character which is not a letter, digit, or underscore. If they contain a single-
quote character, they are enclosed as "..". (A keyword must not contain both
single- and double-quotes.)

(Syntaz: subroutines)+=
function wkey (rule) result (string)
type(string_t) :: string
type(syntax_rule_t), intent(in) :: rule
select case (ruleltype)
case (S_KEYWORD)

if (verify (rulefkeyword, UNQUOTED) == 0) then
string = rulelkeyword

else if (scan (rulefkeyword, "’") == 0) then
string = "’" // rulekeyword // "’"

else
string = ’"’ // rulefkeyword // ’"’

end if

case default
string = "<" // rulelkeyword // ">"
end select
end function wkey

3.3.3 Completing syntax rules

Set the separator and delimiter entries, using defaults:

(Syntaz: subroutines)4+=
subroutine syntax_rule_set_separator (rule, separator)
type(syntax_rule_t), intent(inout) :: rule
type(string_t), intent(in), optional :: separator
if (present (separator)) then
rule’,;separator = separator
else
ruleyseparator = ","
end if
end subroutine syntax_rule_set_separator

subroutine syntax_rule_set_delimiter (rule, delimiter)
type(syntax_rule_t), intent(inout) :: rule
type(string_t), dimension(2), intent(in), optional :: delimiter
if (present (delimiter)) then
rulejdelimiter = delimiter
else
ruleldelimiter = (/ "(", ")" /)
end if
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end subroutine syntax_rule_set_delimiter

Set the modifier entry and corresponding flags:

(Syntaz: subroutines)+=
function is_modifier (string) result (ok)
logical :: ok

type(string_t), intent(in) :: string
select case (char (string))

case (u n’ u?n’ u*n, n+n); ok = .true.
case default; ok = .false.

end select
end function is_modifier

subroutine syntax_rule_set_modifier (rule, modifier)
type(syntax_rule_t), intent(inout) :: rule
type(string_t), intent(in) :: modifier
rulejmodifier = char (modifier)
select case (rulejmodifier)
case (" ")

case ("?"); rulelopt = .true.
case ("*"); rulejopt = .true.; rulejrep = .true.
case ("+"); rulejrep = .true.
case default
call msg_bug (" Syntax: sequence modifier ’" // rule/modifier &
// "o iS not one Of T4 I )?;n)

end select
end subroutine syntax_rule_set_modifier

Check a finalized rule for completeness

(Syntaz: subroutines)+=
subroutine syntax_rule_check (rule)
type(syntax_rule_t), intent(in) :: rule
if (rulelkeyword == "") call msg_bug ("Rule key not set")
select case (ruleltype)
case (S_UNKNOWN); call bug (" Undefined rule")
case (S_IGNORE, S_LOGICAL, S_INTEGER, S_REAL, S_COMPLEX, &
S_IDENTIFIER, S_KEYWORD)
case (S_QUOTED)
if (any (ruleldelimiter == "")) call bug (" Missing quote character(s)")
case (S_SEQUENCE)
case (S_GROUP)

if (any (ruleldelimiter == "")) call bug (" Missing delimiter(s)")
case (S_LIST)
if (rulelseparator == "") call bug (" Missing separator")
case (S_ARGS)
if (any (ruleldelimiter == "")) call bug (" Missing delimiter(s)")
if (rulelseparator == "") call bug (" Missing separator")

case (S_ALTERNATIVE)
case default
call bug (" Undefined syntax code")
end select
select case (ruleltype)
case (S_SEQUENCE, S_GROUP, S_LIST, S_ARGS, S_ALTERNATIVE)
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if (allocated (rule¥%child)) then
if (.not.all (rule_is_associated (rulelchild))) &
call bug (" Child rules not all associated")
else
call bug (" Parent rule without children")
end if
case default
if (allocated (rule%child)) call bug (" Non-parent rule with children")
end select

contains
subroutine bug (string)
character(*), intent(in) :: string
call msg_bug (" Syntax table: Rule " // char (rulelkeyword) // ": " &
// string)

end subroutine bug
end subroutine syntax_rule_check

3.3.4 Accessing rules

This is the API for syntax rules:

(Syntaz: public)+=
public :: syntax_rule_get_type

(Syntaz: subroutines)+=
function syntax_rule_get_type (rule) result (type)
integer :: type
type(syntax_rule_t), intent(in) :: rule
type = ruleltype
end function syntax_rule_get_type

(Syntaz: public)+=
public :: syntax_rule_get_key

(Syntaz: subroutines)+=
function syntax_rule_get_key (rule) result (key)
type(string_t) :: key
type(syntax_rule_t), intent(in) :: rule
key = rulelkeyword
end function syntax_rule_get_key

(Syntaz: public)+=
public :: syntax_rule_get_separator
public :: syntax_rule_get_delimiter

(Syntazx: subroutines)+=
function syntax_rule_get_separator (rule) result (separator)
type(string_t) :: separator
type(syntax_rule_t), intent(in) :: rule
separator = rulelseparator
end function syntax_rule_get_separator

function syntax_rule_get_delimiter (rule) result (delimiter)
type(string_t), dimension(2) :: delimiter
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type(syntax_rule_t), intent(in) :: rule
delimiter = rule%delimiter
end function syntax_rule_get_delimiter

Accessing child rules. If we use syntax_rule_get_n_sub for determining loop
bounds, we do not need a check in the second routine.
(Syntaz: public)+=

public :: syntax_rule_get_n_sub

public :: syntax_rule_get_sub_ptr

(Syntaz: subroutines)+=
function syntax_rule_get_n_sub (rule) result (n)
integer :: n
type(syntax_rule_t), intent(in) :: rule
if (allocated (rule’child)) then
n = size (rule)child)
else
n=20
end if
end function syntax_rule_get_n_sub

function syntax_rule_get_sub_ptr (rule, i) result (sub)
type(syntax_rule_t), pointer :: sub
type(syntax_rule_t), intent(in), target :: rule
integer, intent(in) :: i
sub => rule’child(i)%p

end function syntax_rule_get_sub_ptr

subroutine syntax_rule_set_sub (rule, i, sub)
type(syntax_rule_t), intent(inout) :: rule
integer, intent(in) :: i
type(syntax_rule_t), intent(in), target :: sub
rulel,child(i)%p => sub

end subroutine syntax_rule_set_sub

Return the modifier flags:

(Syntaz: public)+=
public :: syntax_rule_last_optional
public :: syntax_rule_last_repetitive

(Syntaz: subroutines)+=

function syntax_rule_last_optional (rule) result (opt)
logical :: opt
type(syntax_rule_t), intent(in) :: rule
opt = rulejopt

end function syntax_rule_last_optional

function syntax_rule_last_repetitive (rule) result (rep)
logical :: rep
type(syntax_rule_t), intent(in) :: rule
rep = rulejrep

end function syntax_rule_last_repetitive
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Return true if the rule is atomic, i.e., logical, real, keyword etc.

(Syntaz: public)+=
public :: syntax_rule_is_atomic

(Syntaz: subroutines)+=
function syntax_rule_is_atomic (rule) result (atomic)
logical :: atomic
type(syntax_rule_t), intent(in) :: rule
select case (ruleltype)
case (S_LOGICAL, S_INTEGER, S_REAL, S_COMPLEX, S_IDENTIFIER, &
S_KEYWORD, S_QUOTED)

atomic = .true.
case default
atomic = .false.

end select
end function syntax_rule_is_atomic

3.3.5 Syntax tables

A syntax table contains the tree of syntax rules and, for direct parser access,
the list of valid keywords.

Types

The syntax contains an array of rules and a list of keywords. The array is
actually used as a tree, where the top rule is the first array element, and the
other rules are recursively pointed to by this first rule. (No rule should be used
twice or be unused.) The keyword list is derived from the rule tree.
Objects of this type need the target attribute if they are associated with a
lexer. The keyword list will be pointed to by this lexer.
(Syntaz: public)+=
public :: syntax_t
(Syntaz: types)+=
type :: syntax_t
private
type(syntax_rule_t), dimension(:), allocatable :: rule
type (keyword_list_t) :: keyword_list
end type syntax_t

Constructor/destructor

Initialize and finalize syntax tables
(Syntaz: public)+=

public :: syntax_init

public :: syntax_final
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There are two ways to create a syntax: hard-coded from rules or dynamically
from file.
(Syntaz: interfaces)=
interface syntax_init
module procedure syntax_init_from_ifile
end interface

The syntax definition is read from an ifile object which contains the syntax
definitions in textual form, one rule per line. This interface allows for determin-
ing the number of rules beforehand.

To parse the rule definitions, we make up a temporary lexer. Obviously, we
cannot use a generic parser yet, so we have to hardcode the parsing process.
(Syntaz: subroutines)+=

subroutine syntax_init_from_ifile (syntax, ifile)

type(syntax_t), intent(out), target :: syntax
type(ifile_t), intent(in) :: ifile
type(lexer_t) :: lexer

type(line_p) :: line
type(string_t) :: string
integer :: n_token
integer :: i
call lexer_init (lexer, &
comment_chars = "", &
quote_chars = "<’""" &
quote_match = ">2""" &
single_chars = "7*+|=,(0", &
special_class = (/ "." /), &
keyword_list = null ()
allocate (syntaxirule (ifile_get_length (ifile)))
call line_init (line, ifile)
do i = 1, size (syntaxlrule)
string = line_get_string_advance (line)
call set_rule_type_and_key (syntaxjrule(i), string, lexer)
end do
call line_init (line, ifile)
do i = 1, size (syntaxjrule)
string = line_get_string_advance (line)
select case (syntaxjrule(i)itype)
case (S_QUOTED, S_SEQUENCE, S_GROUP, S_LIST, S_ARGS, S_ALTERNATIVE)
n_token = get_n_token (string, lexer)
call set_rule_contents &
(syntaxyrule(i), syntax, n_token, string, lexer)
end select
end do
call line_final (line)
call lexer_final (lexer)
call syntax_make_keyword_list (syntax)
if (.not. all (syntaxlrulejused)) then
do i = 1, size (syntaxlrule)
if (.not. syntaxlrule(i)%used) then
call syntax_rule_write (syntaxjrule(i), 6)
end if
end do
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call msg_bug (" Syntax table: unused rules")
end if
end subroutine syntax_init_from_ifile

For a given rule defined in the input, the first task is to determine its type
and key. With these, we can initialize the rule in the table, postponing the
association of children.

(Syntaz: subroutines)+=
subroutine set_rule_type_and_key (rule, string, lexer)

type(syntax_rule_t), intent(inout) :: rule

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

type(lexer_t), intent(inout) :: lexer

type(stream_t), target :: stream

type(lexeme_t) :: lexeme

type(string_t) :: key

character(2) :: type

call lexer_clear (lexer)

call stream_init (stream, string)

call lexer_assign_stream (lexer, stream)

call lex (lexeme, lexer)

type = lexeme_get_string (lexeme)

call lex (lexeme, lexer)

key = lexeme_get_contents (lexeme)

call stream_final (stream)

if (trim (key) /= "") then
select case (type)
case ("IG"); call syntax_rule_init (rule, key, S_IGNORE)
case ("L0"); call syntax_rule_init (rule, key, S_LOGICAL)
case ("IN"); call syntax_rule_init (rule, key, S_INTEGER)

case ("RE"); call syntax_rule_init (rule, key, S_REAL)

case ("C0"); call syntax_rule_init (rule, key, S_COMPLEX)
case ("ID"); call syntax_rule_init (rule, key, S_IDENTIFIER)
case ("KE"); call syntax_rule_init (rule, key, S_KEYWORD)

case ("QU"); call syntax_rule_init (rule, key, S_QUOTED)
case ("SE"); call syntax_rule_init (rule, key, S_SEQUENCE)
case ("GR"); call syntax_rule_init (rule, key, S_GROUP)
case ("LI"); call syntax_rule_init (rule, key, S_LIST)
case ("AR"); call syntax_rule_init (rule, key, S_ARGS)
case ("AL"); call syntax_rule_init (rule, key, S_ALTERNATIVE)
case default
call lexer_show_location (lexer)
call msg_bug (" Syntax definition: unknown type ’" // type // "’")
end select
else
print *, char (string)
call msg_bug (" Syntax definition: empty rule key")
end if
end subroutine set_rule_type_and_key

This function returns the number of tokens in an input line.

(Syntaz: subroutines)+=
function get_n_token (string, lexer) result (n)
integer :: n
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type(string_t), intent(in) :: string

type(lexer_t), intent(inout) :: lexer
type(stream_t), target :: stream
type(lexeme_t) :: lexeme

integer :: i

call lexer_clear (lexer)

call stream_init (stream, string)

call lexer_assign_stream (lexer, stream)

i=0

do
call lex (lexeme, lexer)
if (lexeme_is_break (lexeme)) exit
i=1i+1

end do

n=1i

call stream_final (stream)

end function get_n_token

This subroutine extracts the rule contents for an input line. There are three
tasks: (1) determine the number of children, depending on the rule type; (2)
find and set the separator and delimiter strings, if required; (3) scan the child
rules, find them in the syntax table and associate the parent rule with them.

(Syntaz: subroutines)+=
subroutine set_rule_contents (rule, syntax, n_token, string, lexer)

type(syntax_rule_t), intent(inout) :: rule
type(syntax_t), intent(in), target :: syntax
integer, intent(in) :: n_token
type(string_t), intent(in) :: string
type(lexer_t), intent(inout) :: lexer
type(stream_t), target :: stream
type(lexeme_t), dimension(n_token) :: lexeme
integer :: i, n_children
call lexer_clear (lexer)
call stream_init (stream, string)
call lexer_assign_stream (lexer, stream)
do i =1, n_token

call lex (lexeme(i), lexer)
end do
call stream_final (stream)
n_children = get_n_children ()
call set_delimiters
if (n_children > 1) call set_separator
if (n_children > 0) call set_children

contains
function get_n_children () result (n_children)
integer :: n_children

select case (ruleltype)

case (S_QUOTED)
if (n_token /= 6) call broken_rule (rule)
n_children = 0

case (S_GROUP)
if (n_token /= 6) call broken_rule (rule)
n_children = 1
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case (S_SEQUENCE)
if (is_modifier (lexeme_get_string (lexeme(n_token)))) then
if (n_token <= 4) call broken_rule (rule)
call syntax_rule_set_modifier &
(rule, lexeme_get_string (lexeme(n_token)))
n_children = n_token - 4
else
if (n_token <= 3) call broken_rule (rule)
n_children = n_token - 3
end if
case (S_LIST)
if (is_modifier (lexeme_get_string (lexeme(n_token)))) then
if (n_token <= 4 .or. mod (n_token, 2) /= 1) &
call broken_rule (rule)
call syntax_rule_set_modifier &
(rule, lexeme_get_string (lexeme(n_token)))
else if (n_token <= 3 .or. mod (n_token, 2) /= 0) then
call broken_rule (rule)
end if
n_children = (n_token - 2) / 2
case (S_ARGS)
if (is_modifier (lexeme_get_string (lexeme(n_token-1)))) then
if (n_token <= 6 .or. mod (n_token, 2) /= 1) &
call broken_rule (rule)
call syntax_rule_set_modifier &
(rule, lexeme_get_string (lexeme(n_token-1)))
else if (n_token <= 5 .or. mod (n_token, 2) /= 0) then
call broken_rule (rule)
end if
n_children = (n_token - 4) / 2
case (S_ALTERNATIVE)
if (n_token <= 3 .or. mod (n_token, 2) /= 0) call broken_rule (rule)
n_children = (n_token - 2) / 2
end select
end function get_n_children
subroutine set_delimiters
type(string_t), dimension(2) :: delimiter
select case (rulelitype)
case (S_QUOTED, S_GROUP, S_ARGS)
delimiter(1) = lexeme_get_contents (lexeme(4))
delimiter(2) = lexeme_get_contents (lexeme(n_token))
call syntax_rule_set_delimiter (rule, delimiter)
end select
end subroutine set_delimiters
subroutine set_separator
type(string_t) :: separator
select case (rulelitype)
case (S_LIST)
separator = lexeme_get_contents (lexeme(5))
call syntax_rule_set_separator (rule, separator)
case (S_ARGS)
separator = lexeme_get_contents (lexeme(6))

call syntax_rule_set_separator (rule, separator)
end select
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end subroutine set_separator
subroutine set_children
allocate (ruleYchild(n_children))
select case (ruleltype)
case (S_GROUP)
call syntax_rule_set_sub (rule, 1, syntax_get_rule_ptr (syntax, &
lexeme_get_contents (lexeme(5))))
case (S_SEQUENCE)
do i = 1, n_children
call syntax_rule_set_sub (rule, i, syntax_get_rule_ptr (syntax, &
lexeme_get_contents (lexeme(i+3))))
end do
case (S_LIST, S_ALTERNATIVE)
do i = 1, n_children
call syntax_rule_set_sub (rule, i, syntax_get_rule_ptr (syntax, &
lexeme_get_contents (lexeme(2*i+2))))
end do
case (S_ARGS)
do i = 1, n_children
call syntax_rule_set_sub (rule, i, syntax_get_rule_ptr (syntax, &
lexeme_get_contents (lexeme(2*i+3))))
end do
end select
end subroutine set_children
subroutine broken_rule (rule)

type(syntax_rule_t), intent(in) :: rule
call lexer_show_location (lexer)
call msg_bug (" Syntax definition: broken rule ’" &

// char (wkey (rule)) // "°")
end subroutine broken_rule
end subroutine set_rule_contents

This routine completes the syntax table object. We assume that the rule array
is set up. We associate the top rule with the first entry in the rule array and
build up the keyword list.

The keyword list includes delimiters and separators. Filling it can only be
done after all rules are set. We scan the rule tree. For each keyword that
we find, we try to add it to the keyword list; the pointer to the last element
is carried along with the recursive scanning. Before appending a keyword, we
check whether it is already in the list.

(Syntaz: subroutines)+=
subroutine syntax_make_keyword_list (syntax)
type(syntax_t), intent(inout), target :: syntax
type(syntax_rule_t), pointer :: rule
rule => syntaxirule(1)
call rule_scan_rec (rule, syntaxjkeyword_list)
contains
recursive subroutine rule_scan_rec (rule, keyword_list)
type(syntax_rule_t), pointer :: rule
type (keyword_list_t), intent(inout) :: keyword_list
integer :: i
if (rulelused) return
rulejused = .true.
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select case (ruleltype)
case (S_UNKNOWN)

call msg_bug (" Syntax: rule tree contains undefined rule")
case (S_KEYWORD)

call keyword_list_add (keyword_list, rulelkeyword)
end select
select case (ruleltype)
case (S_LIST, S_ARGS)

call keyword_list_add (keyword_list, rulelseparator)
end select
select case (ruleltype)
case (S_GROUP, S_ARGS)

call keyword_list_add (keyword_list, ruleldelimiter(1))

call keyword_list_add (keyword_list, rulejdelimiter(2))
end select
select case (ruleltype)
case (S_SEQUENCE, S_GROUP, S_LIST, S_ARGS, S_ALTERNATIVE)

if (.not. allocated (rule’child)) &

call msg_bug (" Syntax: Non-terminal rule without children")

case default

if (allocated (rule’child)) &

call msg_bug (" Syntax: Terminal rule with children")

end select
if (allocated (rulelchild)) then

do i = 1, size (rule¥child)

call rule_scan_rec (ruleychild(i)%p, keyword_list)

end do

end if
end subroutine rule_scan_rec
end subroutine syntax_make_keyword_list

The finalizer deallocates the rule pointer array and deletes the keyword list.

(Syntaz: subroutines)+=
subroutine syntax_final (syntax)
type(syntax_t), intent(inout) :: syntax
if (allocated (syntaxirule)) deallocate (syntaxjrule)
call keyword_list_final (syntax’keyword_list)
end subroutine syntax_final

3.3.6 Accessing the syntax table

Return a pointer to the top rule

(Syntaz: public)+=
public :: syntax_get_top_rule_ptr

(Syntax: subroutines)+=
function syntax_get_top_rule_ptr (syntax) result (rule)
type(syntax_rule_t), pointer :: rule
type(syntax_t), intent(in), target :: syntax
if (allocated (syntaxirule)) then
rule => syntaxirule(1)
else
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rule => null ()
end if
end function syntax_get_top_rule_ptr

Assign the pointer to the rule associated with a given key (assumes that the
rule array is allocated)
(Syntaz: public)+=
public :: syntax_get_rule_ptr
(Syntaz: subroutines)+=
function syntax_get_rule_ptr (syntax, key) result (rule)

type(syntax_rule_t), pointer :: rule
type(syntax_t), intent(in), target :: syntax
type(string_t), intent(in) :: key

integer :: i

do i = 1, size (syntaxirule)
if (syntaxlrule(i)’keyword == key) then
rule => syntaxirule(i)
return
end if
end do
call msg_bug (" Syntax table: Rule " // char (key) // " not found")
end function syntax_get_rule_ptr

Return a pointer to the keyword list

(Syntaz: public)+=
public :: syntax_get_keyword_list_ptr

(Syntaz: subroutines)+=
function syntax_get_keyword_list_ptr (syntax) result (keyword_list)
type (keyword_list_t), pointer :: keyword_list
type(syntax_t), intent(in), target :: syntax
keyword_list => syntaxlkeyword_list
end function syntax_get_keyword_list_ptr

3.3.7 1/0

Write a readable representation of the syntax table
(Syntaz: public)+=
public :: syntax_write

(Syntaz: subroutines)+=
subroutine syntax

write (syntax, unit)

type(syntax_t), intent(in) :: syntax
integer, intent(in), optional :: unit
integer :: u
integer :: i

u = output_unit (unit); if (u < 0) return
write (u, "(A)") "Syntax table:"
if (allocated (syntaxjrule)) then
do i = 1, size (syntaxlrule)
call syntax_rule_write (syntaxjrule(i), u)
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end do
else
write (u, "(1x,A)") "[not allocated]"
end if
call keyword_list_write (syntaxkeyword_list, u)
end subroutine syntax_write
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3.4 The parser

On a small scale, the parser interprets the string tokens returned by the lexer;
they are interpreted as numbers, keywords and such and stored as a typed
object. On a large scale, a text is read, parsed, and a syntax rule set is applied
such that the tokens are stored as a parse tree. Syntax errors are spotted in
this process, so the resulting parse tree is syntactically correct by definition.

(parser.£90)=
(File header)

module parser

(Use kinds)
(Use strings)

use limits, only: DIGITS !NODEP!
(Use file utils)

use diagnostics !NODEP!

use md5

use lexers

use syntax_rules

(Standard module head)
(Parser: public)
(Parser: types)
(Parser: interfaces)
contains

(Parser: procedures)

end module parser

3.4.1 The token type

Tokens are elements of the parsed input that carry a value: logical, integer, real,
quoted string, (unquoted) identifier, or known keyword. Note that non-keyword
tokens also have an abstract key attached to them.
This is an obvious candidate for polymorphism.
(Parser: types)=
type :: token_t

private

integer :: type = S_UNKNOWN

logical, pointer :: lval => null ()

integer, pointer :: ival => null ()
real(default), pointer :: rval => null ()
complex(default), pointer :: cval => null ()

type(string_t), pointer :: sval => null ()
type(string_t), pointer :: kval => null ()
type(string_t), dimension(:), pointer :: quote => null ()
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end type token_t

Create a token from the lexeme returned by the lexer: Allocate storage and try
to interpret the lexeme according to the type that is requested by the parser.
For a keyword token, match the lexeme against the requested key. If successful,
set the token type, value, and key. Otherwise, set the type to S_UNKNOWN.
(Parser: procedures)=

subroutine token_init (token, lexeme, requested_type, key)

type(token_t), intent(out) :: token
type(lexeme_t), intent(in) :: lexeme
integer, intent(in) :: requested_type
type(string_t), intent(in) :: key

integer :: type
type = lexeme_get_type (lexeme)
token/type = S_UNKNOWN
select case (requested_type)
case (S_LOGICAL)
if (type == T_IDENTIFIER) call read_logical &
(char (lexeme_get_string (lexeme)))
case (S_INTEGER)
if (type == T_NUMERIC) call read_integer &
(char (lexeme_get_string (lexeme)))
case (S_REAL)
if (type == T_NUMERIC) call read_real &
(char (lexeme_get_string (lexeme)))
case (S_COMPLEX)
if (type == T_NUMERIC) call read_complex &
(char (lexeme_get_string (lexeme)))
case (S_IDENTIFIER)
if (type == T_IDENTIFIER) call read_identifier &
(lexeme_get_string (lexeme))
case (S_KEYWORD)
if (type == T_KEYWORD) call check_keyword &
(lexeme_get_string (lexeme), key)
case (S_QUOTED)
if (type == T_QUOTED) call read_quoted &
(lexeme_get_contents (lexeme), lexeme_get_delimiters (lexeme))
case default
print *, requested_type
call msg_bug (" Invalid token type code requested by the parser")
end select
if (tokenitype /= S_UNKNOWN) then
allocate (token%kval)
tokenfkval = key
end if
contains
subroutine read_logical (s)
character(*), intent(in) :: s
select case (s)
case ("t", "T", "true", "TRUE", "y", "Y", "yes", "YES")
allocate (token%lval)
token)lval = .true.
token/type = S_LOGICAL
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case ("f", "F", "false", "FALSE", "n", "N", "no",
allocate (token%lval)
token)lval = .false.
token/type = S_LOGICAL
end select
end subroutine read_logical
subroutine read_integer (s)
character(*), intent(in) :: s
integer :: tmp, jostat
if (verify (s, DIGITS) == 0) then
read (s, *, iostat=iostat) tmp
if (iostat == 0) then
allocate (token%ival)
tokenjival = tmp
tokentype = S_INTEGER
end if
end if
end subroutine read_integer
subroutine read_real (s)
character(*x), intent(in) :: s
real(default) :: tmp
integer :: iostat
read (s, *, iostat=iostat) tmp
if (iostat == 0) then
allocate (tokenjrval)
tokenjrval = tmp
token/type = S_REAL
end if
end subroutine read_real
subroutine read_complex (s)

character(*), intent(in) :: s
complex(default) :: tmp
integer :: iostat

read (s, *, iostat=iostat) tmp
if (iostat == 0) then
allocate (tokenycval)
token/cval = tmp
token%type = S_COMPLEX
end if
end subroutine read_complex
subroutine read_identifier (s)
type(string_t), intent(in) :: s
allocate (tokenysval)
token/sval = s
token)type = S_IDENTIFIER
end subroutine read_identifier
subroutine check_keyword (s, key)
type(string_t), intent(in) :: s
type(string_t), intent(in) :: key
if (key == s) tokenltype = S_KEYWORD
end subroutine check_keyword
subroutine read_quoted (s, del)
type(string_t), intent(in) :: s
type(string_t), dimension(2), intent(in) :: del
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allocate (token)sval, tokenlquote(2))
tokenjsval = s
token/quote (1) = del(1)
token/quote(2) = del(2)
token)type = S_QUOTED
end subroutine read_quoted
end subroutine token_init

Reset a token to an empty state, freeing allocated memory, and deallocate the
token itself.

(Parser: procedures)+=

subroutine token_final (token)
type(token_t), intent(inout) :: token
token)type = S_UNKNOWN
if (associated (tokenYlval)) deallocate (token%lval)
if (associated (token%ival)) deallocate (token%ival)
if (associated (tokenYrval)) deallocate (tokenYrval)
if (associated (tokenYsval)) deallocate (tokenYsval)
if (associated (token%kval)) deallocate (token¥%kval)
if (associated (tokenyquote)) deallocate (tokenj,quote)

end subroutine token_final

Check for empty=valid token:

(Parser: procedures)+=
function token_is_valid (token) result (valid)
logical :: valid
type(token_t), intent(in) :: token
valid = token)type /= S_UNKNOWN
end function token_is_valid

Write the contents of a token.

(Parser: procedures)+=
subroutine token_write (token, unit)

type(token_t), intent(in) :: token
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
select case (tokenltype)
case (S_LOGICAL)
write (u, *) tokenYlval
case (S_INTEGER)
write (u, *) tokenYjival
case (S_REAL)
write (u, *) tokenlrval
case (S_COMPLEX)
write (u, *) tokenYcval
case (S_IDENTIFIER)
write (u, *) char (token}sval)
case (S_KEYWORD)
write (u, *) ’[keyword] ’ // char (tokenlkval)
case (S_QUOTED)
write (u, *) &
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char (tokenYquote(1)) // char (tokenJsval) // char (tokenjquote(2))
case default
write (u, *) ’[empty]’
end select
end subroutine token_write

Token assignment via deep copy. This is useful to avoid confusion when the
token is transferred to some parse-tree node.

(Parser: interfaces)=
interface assignment (=)
module procedure token_assign
end interface

We need to copy only the contents that are actually assigned, the other pointers
remain disassociated.

(Parser: procedures)+=
subroutine token_assign (token, token_in)
type(token_t), intent(out) :: token
type(token_t), intent(in) :: token_in
token/type = token_inJtype
select case (tokenltype)

case (S_LOGICAL); allocate (token’lval); token¥%lval = token_inJlval
case (S_INTEGER); allocate (tokenl}ival); token%ival = token_injival
case (S_REAL); allocate (tokenjrval); token)irval = token_inYrval

case (S_COMPLEX); allocate (tokenl%cval); tokenlcval = token_in)cval

case (S_IDENTIFIER); allocate (token¥sval); token)sval = token_inYsval

case (S_QUOTED); allocate (tokenYsval); token)sval = token_in%sval
allocate (tokenjquote(2)); tokenjquote = token_injquote

end select

if (tokenitype /= S_UNKNOWN) then
allocate (token}kval); tokenYkval = token_inljkval

end if

end subroutine token_assign

3.4.2 Retrieve token contents

These functions all do a trivial sanity check that should avoid crashes.

(Parser: procedures)+=
function token_get_logical (token) result (1lval)
logical :: lval
type(token_t), intent(in) :: token
if (associated (tokenYlval)) then
lval = tokenjlval
else
call token_mismatch (token, "logical")
end if
end function token_get_logical

function token_get_integer (token) result (ival)

integer :: ival
type(token_t), intent(in) :: token
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if (associated (token%ival)) then
ival = tokenjival
else
call token_mismatch (token, "integer")
end if
end function token_get_integer

function token_get_real (token) result (rval)
real(default) :: rval
type(token_t), intent(in) :: token
if (associated (tokenjrval)) then
rval = tokenjrval
else
call token_mismatch (token, "real")
end if
end function token_get_real

function token_get_cmplx (token) result (cval)
complex(default) :: cval
type(token_t), intent(in) :: token
if (associated (tokenjcval)) then
cval = tokenjcval
else
call token_mismatch (token, "complex")
end if
end function token_get_cmplx

function token_get_string (token) result (sval)
type(string_t) :: sval
type(token_t), intent(in) :: token
if (associated (tokenjsval)) then
sval = tokensval
else
call token_mismatch (token, "string")
end if
end function token_get_string

function token_get_key (token) result (kval)
type(string_t) :: kval
type(token_t), intent(in) :: token
if (associated (tokenjkval)) then
kval = token¥%kval
else
call token_mismatch (token, "keyword")
end if
end function token_get_key

function token_get_quote (token) result (quote)
type(string_t), dimension(2) :: quote
type(token_t), intent(in) :: token
if (associated (tokenjquote)) then
quote = tokenjquote
else
call token_mismatch (token, "quote")
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end if
end function token_get_quote

(Parser: procedures)+=
subroutine token_mismatch (token, type)
type(token_t), intent(in) :: token
character (*), intent(in) :: type
write (6, "(A)", advance="no") "Token: "
call token_write (token)
call msg_bug (" Token type mismatch; value required as " // type)
end subroutine token_mismatch

3.4.3 The parse tree: nodes

The parser will generate a parse tree from the input stream. Each node in this
parse tree points to the syntax rule that was applied. (Since syntax rules are
stored in a pointer-type array within the syntax table, they qualify as targets.)
A leaf node contains a token. A branch node has subnodes. The subnodes are
stored as a list, so each node also has a next pointer.
(Parser: public)=

public :: parse_node_t

(Parser: types)+=

type :: parse_node_t
private
type(syntax_rule_t), pointer :: rule => null ()
type(token_t) :: token
integer :: n_sub = 0
type(parse_node_t), pointer :: sub_first => null ()
type(parse_node_t), pointer :: sub_last => null ()
type(parse_node_t), pointer :: next => null ()

end type parse_node_t

Container for parse node pointers, useful for creating pointer arrays:

(Parser: public)+=
public :: parse_node_p

(Parser: types)+=
type :: parse_node_p
type(parse_node_t), pointer :: ptr => null ()
end type parse_node_p

Output. The first version writes a node together with its sub-node tree, orga-
nized by indentation.
(Parser: public)+=

public :: parse_node_write_rec

(Parser: procedures)+=
recursive subroutine parse_node_write_rec (node, unit, short, depth)
type(parse_node_t), intent(in), target :: node
integer, intent(in), optional :: unit
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logical, intent(in), optional :: short

integer, intent(in), optional :: depth

integer :: u, d

type(parse_node_t), pointer :: current

u = output_unit (unit); if (u < 0) return

d = 0; if (present (depth)) d = depth

call parse_node_write (node, u, short=short)

current => nodesub_first

do while (associated (current))
write (u, "(A)", advance = "no") repeat ("| ", d)
call parse_node_write_rec (current, unit, short, d+1)
current => currentnext

end do

end subroutine parse_node_write_rec

This does the actual output for a single node, without recursion.
(Parser: public)+=
public :: parse_node_write

(Parser: procedures)+=
subroutine parse_node_write (node, unit, short)

type(parse_node_t), intent(in) :: node
integer, intent(in), optional :: unit
logical, intent(in), optional :: short
integer :: u

type(parse_node_t), pointer :: current

u = output_unit (unit); if (u < 0) return
write (u, "(’+ ’)", advance = "no")

if (associated (nodelrule)) then
call syntax_rule_write (node¥rule, u, &
short=short, key_only=.true., advance=.false.)
if (token_is_valid (node’%token)) then
write (u, "(° = )", advance="no")
call token_write (nodetoken, u)
else if (associated (node¥sub_first)) then
write (u, "(° = )", advance="no")
current => nodeYsub_first
do while (associated (current))
call syntax_rule_write (currentirule, u, &
short=.true., key_only=.true., advance=.false.)
current => current/next
end do
write (u, *)
else
write (u, *)
end if
else
write (u, *) "[emptyl"
end if
end subroutine parse_node_write

Finalize the token and recursively finalize and deallocate all sub-nodes.

(Parser: public)+=
public :: parse_node_final
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(Parser: procedures)+=
recursive subroutine parse_node_final (node, recursive)
type(parse_node_t), intent(inout) :: node
type(parse_node_t), pointer :: current
logical, intent(in), optional :: recursive
logical :: rec
rec = .true.; if (present (recursive)) rec = recursive
call token_final (node’token)
if (rec) then
do while (associated (nodelsub_first))
current => node)sub_first
node%sub_first => nodeYsub_first¥%next
call parse_node_final (current)
deallocate (current)
end do
end if
end subroutine parse_node_final

3.4.4 Filling nodes

The constructors allocate and initialize the node. There are two possible ini-
tializers (in a later version, should correspond to different type extensions).
First, leaf (terminal) nodes. The token constructor does the actual work,
looking at the requested type and key for the given rule and matching against
the lexeme contents. If it fails, the token will keep the type S_UNKNOWN and
remain empty. Otherwise, we have a valid node which contains the new token.
If the lexeme argument is absent, the token is left empty.
(Parser: procedures)+=
subroutine parse_node_create_leaf (node, rule, lexeme)

type(parse_node_t), pointer :: node
type(syntax_rule_t), intent(in), target :: rule
type(lexeme_t), intent(in) :: lexeme

allocate (node)
nodefrule => rule
call token_init (nodelitoken, lexeme, &
syntax_rule_get_type (rule), syntax_rule_get_key (rule))
if (.not. token_is_valid (node’token)) deallocate (node)
end subroutine parse_node_create_leaf

Second, branch nodes. We first assign the rule:

(Parser: public)+=
public :: parse_node_create_branch

(Parser: procedures)+=
subroutine parse_node_create_branch (node, rule)
type(parse_node_t), pointer :: node
type(syntax_rule_t), intent(in), target :: rule
allocate (node)
nodeYrule => rule
end subroutine parse_node_create_branch
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Append a sub-node. The sub-node must exist and be a valid target, otherwise
nothing is done.

(Parser: public)+=

public :: parse_node_append_sub

(Parser: procedures)+=
subroutine parse_node_append_sub (node, sub)
type(parse_node_t), intent(inout) :: node
type(parse_node_t), pointer :: sub
if (associated (sub)) then
if (associated (node’sub_last)) then
nodefsub_lastnext => sub

else
nodeY,sub_first => sub
end if
node’sub_last => sub
end if

end subroutine parse_node_append_sub

For easy access, once the list is complete we count the number of sub-nodes. If
there are no subnodes, the whole node is deleted.

(Parser: procedures)+=
subroutine parse_node_freeze_branch (node)
type(parse_node_t), pointer :: node
type(parse_node_t), pointer :: current
node’n_sub = 0
current => nodel,sub_first
do while (associated (current))
node’n_sub = node¥%n_sub + 1
current => currentynext
end do
if (node’n_sub == 0) deallocate (node)
end subroutine parse_node_freeze_branch

Replace the last subnode by a new target. Use with care, this invites to memory
mismanagement.
(Parser: public)+=
public :: parse_node_replace_last_sub
(Parser: procedures)+=
subroutine parse_node_replace_last_sub (node, pn_target)

type(parse_node_t), intent(inout), target :: node
type(parse_node_t), intent(in), target :: pn_target
type(parse_node_t), pointer :: current
integer :: i
select case (node%n_sub)
case (1)
node’sub_first => pn_target
case (2:)

current => nodelsub_first
do i = 1, node)n_sub - 2

current => currentnext
end do
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currentnext => pn_target
case default
call parse_node_write (node)
call msg_bug ("’replace_last_sub’ called for non-branch parse node")
end select
node%sub_last => pn_target
end subroutine parse_node_replace_last_sub

3.4.5 Accessing nodes

Return the node contents. Check if pointers are associated. No check when
accessing a sub-node; assume that parse_node_n_sub is always used for the
upper bound.

The token extractor returns a pointer.

(Parser: public)+=

public :: parse_node_get_rule_ptr
public :: parse_node_get_n_sub

public :: parse_node_get_sub_ptr
public :: parse_node_get_next_ptr

public :: parse_node_get_last_sub_ptr

(Parser: procedures)+=
function parse_node_get_rule_ptr (node) result (rule)
type(syntax_rule_t), pointer :: rule
type(parse_node_t), intent(in), target :: node
if (associated (node)rule)) then
rule => node’rule
else
rule => null ()
call parse_node_undefined (node, "rule")
end if
end function parse_node_get_rule_ptr

function parse_node_get_n_sub (node) result (n)
integer :: n
type(parse_node_t), intent(in) :: node
n = node%n_sub

end function parse_node_get_n_sub

function parse_node_get_sub_ptr (node, n, tag, required) result (sub)
type(parse_node_t), pointer :: sub

type(parse_node_t), intent(in), target :: node
integer, intent(in), optional :: n
character(x), intent(in), optional :: tag
logical, intent(in), optional :: required
integer :: i

sub => nodelsub_first
if (present (n)) then
doi=2,n
if (associated (sub)) then
sub => subYnext
else
return

172



end if
end do
end if
call parse_node_check (sub, tag, required)
end function parse_node_get_sub_ptr

function parse_node_get_next_ptr (sub, n, tag, required) result (next)

type(parse_node_t), pointer :: next
type(parse_node_t), intent(in), target :: sub
integer, intent(in), optional :: n
character(*), intent(in), optional :: tag
logical, intent(in), optional :: required
integer :: i

next => sublnext
if (present (n)) then
doi=2,n
if (associated (next)) then
next => nextnext
else
exit
end if
end do
end if
call parse_node_check (next, tag, required)
end function parse_node_get_next_ptr

function parse_node_get_last_sub_ptr (node, tag, required) result (sub)
type(parse_node_t), pointer :: sub
type(parse_node_t), intent(in), target :: node
character(*), intent(in), optional :: tag
logical, intent(in), optional :: required
sub => nodel%sub_last
call parse_node_check (sub, tag, required)
end function parse_node_get_last_sub_ptr

(Parser: procedures)+=
subroutine parse_node_undefined (node, obj)
type(parse_node_t), intent(in) :: node
character (*), intent(in) :: obj
call parse_node_write (node, 6)

call msg_bug (" Parse-tree node: " // obj // " requested, but undefined")
end subroutine parse_node_undefined

Check if a parse node has a particular tag, and if it is associated:
(Parser: public)+=
public :: parse_node_check

(Parser: procedures)+=
subroutine parse_node_check (node, tag, required)

type(parse_node_t), pointer :: node
character(*), intent(in), optional :: tag
logical, intent(in), optional :: required

if (associated (node)) then
if (present (tag)) then
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if (parse_node_get_rule_key (node) /= tag) &
call parse_node_mismatch (tag, node)
end if
else
if (present (required)) then
if (required) &
call msg_bug (" Missing node, expected <" // tag // ">")
end if
end if
end subroutine parse_node_check

This is called by a parse-tree scanner if the expected and the actual nodes do
not match
(Parser: public)+=

public :: parse_node_mismatch

(Parser: procedures)+=
subroutine parse_node_mismatch (string, parse_node)
character(*), intent(in) :: string
type(parse_node_t), intent(in) :: parse_node
call parse_node_write (parse_node)
call msg_bug (" Syntax mismatch, expected <" // string // ">.")
end subroutine parse_node_mismatch

The following functions are wrappers for extracting the token contents.
(Parser: public)+=

public :: parse_node_get_logical
public :: parse_node_get_integer
public :: parse_node_get_real
public :: parse_node_get_cmplx
public :: parse_node_get_string
public :: parse_node_get_key
public :: parse_node_get_rule_key

(Parser: procedures)+=
function parse_node_get_logical (node) result (1lval)
logical :: lval
type(parse_node_t), intent(in), target :: node
lval = token_get_logical (parse_node_get_token_ptr (node))
end function parse_node_get_logical

function parse_node_get_integer (node) result (ival)

integer :: ival

type(parse_node_t), intent(in), target :: node

ival = token_get_integer (parse_node_get_token_ptr (node))
end function parse_node_get_integer

function parse_node_get_real (node) result (rval)
real(default) :: rval
type(parse_node_t), intent(in), target :: node
rval = token_get_real (parse_node_get_token_ptr (node))
end function parse_node_get_real

function parse_node_get_cmplx (node) result (cval)
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complex(default) :: cval

type(parse_node_t), intent(in), target :: node

cval = token_get_cmplx (parse_node_get_token_ptr (node))
end function parse_node_get_cmplx

function parse_node_get_string (node) result (sval)
type(string_t) :: sval
type(parse_node_t), intent(in), target :: node
sval = token_get_string (parse_node_get_token_ptr (node))
end function parse_node_get_string

function parse_node_get_key (node) result (kval)
type(string_t) :: kval
type(parse_node_t), intent(in), target :: node
kval = token_get_key (parse_node_get_token_ptr (node))
end function parse_node_get_key

function parse_node_get_rule_key (node) result (kval)
type(string_t) :: kval
type(parse_node_t), intent(in), target :: node
kval = syntax_rule_get_key (parse_node_get_rule_ptr (node))
end function parse_node_get_rule_key

function parse_node_get_token_ptr (node) result (token)
type(token_t), pointer :: token
type(parse_node_t), intent(in), target :: node
if (token_is_valid (node%token)) then
token => node’token
else
call parse_node_undefined (node, "token")
end if
end function parse_node_get_token_ptr

Return a MD5 sum for a parse node. The method is to write the node to a
scratch file and to evaluate the MD5 sum of that file.

(Parser: public)+=
public :: parse_node_get_md5sum

(Parser: procedures)+=

function parse_node_get_md5sum (pn) result (md5sum_pn)
character(32) :: md5sum_pn
type(parse_node_t), intent(in) :: pn
integer :: u
u = free_unit ()
open (unit = u, status = "scratch", action = "readwrite")
call parse_node_write_rec (pn, unit=u)
rewind (u)
md5sum_pn = mdSsum (u)
close (u)

end function parse_node_get_md5sum
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3.4.6 The parse tree

The parse tree is a tree of nodes, where leaf nodes hold a valid token, while
branch nodes point to a list of sub-nodes.
(Parser: public)+=
public :: parse_tree_t
(Parser: types)+=
type :: parse_tree_t
private
type(parse_node_t), pointer :: root_node => null ()
end type parse_tree_t

The parser. Its arguments are the parse tree (which should be empty initially),
the lexer (which should be already set up), the syntax table (which should be
valid), and the input stream. The input stream is completely parsed, using the
lexer setup and the syntax rules as given, and the parse tree is built accordingly.

If check_eof is absent or true, the parser will complain about trailing
garbage. Otherwise, it will ignore it.

By default, the input stream is matched against the top rule in the specified
syntax. If key is given, it is matched against the rule with the specified key
instead.

Failure at the top level means that no rule could match at all; in this case
the error message will show the top rule.

(Parser: public)+=
public :: parse_tree_init
(Parser: procedures)+=
subroutine parse_tree_init &
(parse_tree, syntax, lexer, key, check_eof)

type(parse_tree_t), intent(inout) :: parse_tree
type(lexer_t), intent(inout) :: lexer

type(syntax_t), intent(in), target :: syntax
type(string_t), intent(in), optional :: key

logical, intent(in), optional :: check_eof
type(syntax_rule_t), pointer :: rule

type(lexeme_t) :: lexeme

type(parse_node_t), pointer :: node

logical :: ok, check

check = .true.; if (present (check_eof)) check = check_eof

call lexer_clear (lexer)
if (present (key)) then
rule => syntax_get_rule_ptr (syntax, key)
else
rule => syntax_get_top_rule_ptr (syntax)
end if
if (associated (rule)) then
call parse_node_match_rule (node, rule, ok)
if (ok) then
parse_treelroot_node => node
else
call parse_error (rule, lexeme)
end if
if (check) then
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call lex (lexeme, lexer)
if (.not. lexeme_is_eof (lexeme)) then
call lexer_show_location (lexer)
call msg_fatal (" Syntax error " &
// "(at or before the location indicated above)")
end if
end if
else
call msg_bug (" Parser failed because syntax is empty")
end if
contains
(Parser: internal subroutines of parse_tree_init)
end subroutine parse_tree_init

The parser works recursively, following the rule tree, building the tree of nodes
on the fly. If the given rule matches, the node is filled on return. If not, the
node remains empty.

(Parser: internal subroutines of parse_tree_init)=
recursive subroutine parse_node_match_rule (node, rule, ok)

type(parse_node_t), pointer :: node
type(syntax_rule_t), intent(in), target :: rule
logical, intent(out) :: ok

logical, parameter :: debug = .false.

integer :: type
if (debug) write (6, "(A)", advance="no") "Parsing rule: "
if (debug) call syntax_rule_write (rule, 6)
node => null ()
type = syntax_rule_get_type (rule)
if (syntax_rule_is_atomic (rule)) then
call lex (lexeme, lexer)
if (debug) write (6, "(A)", advance="no") "Token: "
if (debug) call lexeme_write (lexeme, 6)
call parse_node_create_leaf (node, rule, lexeme)
ok = associated (node)
if (.not. ok) call lexer_put_back (lexer, lexeme)
else
select case (type)
case (S_ALTERNATIVE); call parse_alternative (node, rule, ok)

case (S_GROUP); call parse_group (node, rule, ok)
case (S_SEQUENCE); call parse_sequence (node, rule, .false., ok)
case (S_LIST); call parse_sequence (node, rule, .true., ok)
case (S_ARGS); call parse_args (node, rule, ok)
case (S_IGNORE); call parse_ignore (node, ok)
end select

end if

if (debug) then
if (ok) then
write (6, "(A)", advance="no") "Matched rule: "
else
write (6, "(A)", advance="no") "Failed rule: "
end if
call syntax_rule_write (rule)
if (associated (node)) call parse_node_write (node)
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end if
end subroutine parse_node_match_rule

Parse an alternative: try each case. If the match succeeds, the node has been
filled, so return. If nothing works, return failure.

(Parser: internal subroutines of parse_tree_init)+=
recursive subroutine parse_alternative (node, rule, ok)

type(parse_node_t), pointer :: node
type(syntax_rule_t), intent(in), target :: rule
logical, intent(out) :: ok

integer :: i

do i = 1, syntax_rule_get_n_sub (rule)
call parse_node_match_rule (node, syntax_rule_get_sub_ptr (rule, i), ok)
if (ok) return
end do
ok = .false.
end subroutine parse_alternative

Parse a group: the first and third lexemes have to be the delimiters, the second
one is parsed as the actual node, using now the child rule. If the first match fails,
return with failure. If the other matches fail, issue an error, since we cannot lex
back more than one item.
(Parser: internal subroutines of parse_tree_init)+=

recursive subroutine parse_group (node, rule, ok)

type(parse_node_t), pointer :: node
type(syntax_rule_t), intent(in), target :: rule
logical, intent(out) :: ok

type(string_t), dimension(2) :: delimiter

delimiter = syntax_rule_get_delimiter (rule)
call lex (lexeme, lexer)
if (lexeme_get_string (lexeme) == delimiter(1)) then
call parse_node_match_rule (node, syntax_rule_get_sub_ptr (rule, 1), ok)
if (ok) then
call lex (lexeme, lexer)

if (lexeme_get_string (lexeme) == delimiter(2)) then
ok = .true.
else
call parse_error (rule, lexeme)
end if
else
call parse_error (rule, lexeme)
end if
else
call lexer_put_back (lexer, lexeme)
ok = .false.
end if

end subroutine parse_group

Parsing a sequence. The last rule element may be special: optional and/or
repetitive. Each sub-node that matches is appended to the sub-node list of the
parent node.
If sep is true, we look for a separator after each element.
(Parser: internal subroutines of parse_tree_init)+=
recursive subroutine parse_sequence (node, rule, sep, ok)
type(parse_node_t), pointer :: node

178



type(syntax_rule_t), intent(in), target :: rule

logical, intent(in) :: sep

logical, intent(out) :: ok
type(parse_node_t), pointer :: current
integer :: i, n

logical :: opt, rep, cont
type(string_t) :: separator

call parse_node_create_branch (node, rule)
if (sep) separator = syntax_rule_get_separator (rule)
n = syntax_rule_get_n_sub (rule)
opt = syntax_rule_last_optional (rule)
rep = syntax_rule_last_repetitive (rule)
ok = .true.
cont = .true.
SCAN_RULE: do i =1, n
call parse_node_match_rule &
(current, syntax_rule_get_sub_ptr (rule, i), cont)
if (cont) then
call parse_node_append_sub (node, current)
if (sep .and. (i<n .or. rep)) then
call lex (lexeme, lexer)
if (lexeme_get_string (lexeme) /= separator) then
call lexer_put_back (lexer, lexeme)

cont = .false.
exit SCAN_RULE
end if
end if

else
if (i == n .and. opt) then
exit SCAN_RULE
else if (i == 1) then
ok = .false.
exit SCAN_RULE
else
call parse_error (rule, lexeme)
end if
end if
end do SCAN_RULE
if (rep) then
do while (cont)
call parse_node_match_rule &
(current, syntax_rule_get_sub_ptr (rule, n), cont)
if (cont) then
call parse_node_append_sub (node, current)
if (sep) then
call lex (lexeme, lexer)
if (lexeme_get_string (lexeme) /= separator) then
call lexer_put_back (lexer, lexeme)

cont = .false.
end if
end if
else
if (sep) call parse_error (rule, lexeme)
end if
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end do
end if
call parse_node_freeze_branch (node)
end subroutine parse_sequence

Argument list: We use the parse_group code, but call parse_sequence inside.

(Parser: internal subroutines of parse_tree_init)+=
recursive subroutine parse_args (node, rule, ok)

type(parse_node_t), pointer :: node
type(syntax_rule_t), intent(in), target :: rule
logical, intent(out) :: ok

type(string_t), dimension(2) :: delimiter

delimiter = syntax_rule_get_delimiter (rule)
call lex (lexeme, lexer)
if (lexeme_get_string (lexeme) == delimiter(1)) then
call parse_sequence (node, rule, .true., ok)
if (ok) then
call lex (lexeme, lexer)

if (lexeme_get_string (lexeme) == delimiter(2)) then
ok = .true.
else
call parse_error (rule, lexeme)
end if
else
call parse_error (rule, lexeme)
end if
else
call lexer_put_back (lexer, lexeme)
ok = .false.
end if

end subroutine parse_args

The IGNORE syntax reads one lexeme and discards it if it is numeric, logical
or string/identifier (but not a keyword). This is a successful match. Otherwise,
the match fails. The node pointer is returned disassociated in any case.

(Parser: internal subroutines of parse_tree_init)+=
subroutine parse_ignore (node, ok)
type(parse_node_t), pointer :: node
logical, intent(out) :: ok
call lex (lexeme, lexer)
select case (lexeme_get_type (lexeme))
case (T_NUMERIC, T_IDENTIFIER, T_QUOTED)

ok = .true.
case default
ok = .false.

end select
node => null ()
end subroutine parse_ignore

If the match fails and we cannot step back:

(Parser: internal subroutines of parse_tree_init)+=
subroutine parse_error (rule, lexeme)
type(syntax_rule_t), intent(in) :: rule
type(lexeme_t), intent(in) :: lexeme
character(80) :: buffer
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integer :: u, iostat
call lexer_show_location (lexer)
u = free_unit ()
open (u, status = "scratch")
write (u, "(A)", advance="no") "Expected syntax:"
call syntax_rule_write (rule, u)
write (u, "(A)", advance="no") "Found token:"
call lexeme_write (lexeme, u)
rewind (u)
do

read (u, "(A)", iostat=iostat) buffer

if (iostat /= 0) exit

call msg_message (trim (buffer))
end do
call msg_fatal (" Syntax error " &

// "(at or before the location indicated above)")
end subroutine parse_error

The finalizer recursively deallocates all nodes and their contents. For each node,
parse_node_final is called on the sub-nodes, which in turn deallocates the
token or sub-node array contained within each of them. At the end, only the
top node remains to be deallocated.
(Parser: public)+=

public :: parse_tree_final

(Parser: procedures)+=
subroutine parse_tree_final (parse_tree)
type(parse_tree_t), intent(inout) :: parse_tree
if (associated (parse_tree)root_node)) then
call parse_node_final (parse_treelroot_node)
deallocate (parse_treelroot_node)
end if
end subroutine parse_tree_final

Print the parse tree. Print one token per line, indented according to the depth
of the node.

The verbose version includes type identifiers for the nodes.
(Parser: public)+=

public :: parse_tree_write

(Parser: procedures)+=
subroutine parse_tree_write (parse_tree, unit, verbose)

type(parse_tree_t), intent(in) :: parse_tree
integer, intent(in), optional :: unit
logical, intent(in), optional :: verbose
integer :: u

logical :: short
u = output_unit (unit); if (u < 0) return
short = .true.; if (present (verbose)) short = .not. verbose
write (u, "(A)") "Parse tree:"
if (associated (parse_treelroot_node)) then

call parse_node_write_rec (parse_treelroot_node, unit, short, 1)
else

write (u, *) "[emptyl"
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end if
end subroutine parse_tree_write

This is a generic error that can be issued if the parse tree does not meet the
expectaions of the parser. This most certainly indicates a bug.
(Parser: public)+=

public :: parse_tree_bug

(Parser: procedures)+=
subroutine parse_tree_bug (node, keys)
type(parse_node_t), intent(in) :: node
character(*), intent(in) :: keys
call parse_node_write (node)
call msg_bug (" Inconsistency in parse tree: expected " // keys)
end subroutine parse_tree_bug

3.4.7 Access the parser

For scanning the parse tree we give access to the top node, as a node pointer.
Of course, there should be no write access.

(Parser: public)+=
public :: parse_tree_get_root_ptr

(Parser: procedures)+=
function parse_tree_get_root_ptr (parse_tree) result (node)
type(parse_node_t), pointer :: node
type(parse_tree_t), intent(in), target :: parse_tree
node => parse_tree%root_node
end function parse_tree_get_root_ptr

3.4.8 Tools

This operation traverses the parse tree and simplifies any occurences of a set of
syntax rules. If such a parse node has only one sub-node, it is replaced by that
subnode. (This makes sense only of the rules to eliminate have no meaningful
token.)

(Parser: public)+=
public :: parse_tree_reduce

(Parser: procedures)+=

subroutine parse_tree_reduce (parse_tree, rule_key)
type(parse_tree_t), intent(inout) :: parse_tree
type(string_t), dimension(:), intent(in) :: rule_key
type(parse_node_t), pointer :: pn
pn => parse_tree)root_node
if (associated (pn)) then

call parse_node_reduce (pn, null(), null())

end if

contains
recursive subroutine parse_node_reduce (pn, pn_prev, pn_parent)

type(parse_node_t), intent(inout), pointer :: pn
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type(parse_node_t), intent(in), pointer :: pn_prev, pn_parent
type(parse_node_t), pointer :: pn_sub, pn_sub_prev, pn_tmp
pu_sub_prev => null ()
pn_sub => pnjsub_first
do while (associated (pn_sub))
call parse_node_reduce (pn_sub, pn_sub_prev, pn)
pn_sub_prev => pn_sub
pn_sub => pn_sublnext
end do
if (parse_node_get_n_sub (pn) == 1) then
if (matches (parse_node_get_rule_key (pn), rule_key)) then
pn_tmp => pn
pn => pnysub_first
if (associated (pn_prev)) then
pn_prevjnext => pn
else if (associated (pn_parent)) then
pn_parentysub_first => pn
else
parse_treejroot_node => pn
end if
if (associated (pn_tmp’next)) then
pn/next => pn_tmplnext
else if (associated (pn_parent)) then
pn_parentsub_last => pn
end if
call parse_node_final (pn_tmp, recursive=.false.)
deallocate (pn_tmp)
end if
end if
end subroutine parse_node_reduce
function matches (key, key_list) result (flag)
logical :: flag
type(string_t), intent(in) :: key
type(string_t), dimension(:), intent(in) :: key_list
integer :: i
flag = .true.
do i =1, size (key_list)
if (key == key_list(i)) return
end do
flag = .false.
end function matches
end subroutine parse_tree_reduce

3.4.9 Applications
For a file of the form

process foo, bar
<something>

process xyz
<something>
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get the <something> entry node for the first matching process tag. If no match-
ing entry is found, the node pointer remains unassociated.
(Parser: public)+=

public :: parse_tree_get_process_ptr

(Parser: procedures)+=
function parse_tree_get_process_ptr (parse_tree, process) result (node)

type(parse_node_t), pointer :: node

type(parse_tree_t), intent(in), target :: parse_tree
type(string_t), intent(in) :: process

type(parse_node_t), pointer :: node_root, node_process_def
type(parse_node_t), pointer :: node_process_phs, node_process_list
integer :: j

node_root => parse_tree_get_root_ptr (parse_tree)
if (associated (node_root)) then

node_process_phs => parse_node_get_sub_ptr (node_root)

SCAN_FILE: do while (associated (node_process_phs))
node_process_def => parse_node_get_sub_ptr (node_process_phs)
node_process_list => parse_node_get_sub_ptr (node_process_def, 2)
do j = 1, parse_node_get_n_sub (node_process_list)

if (parse_node_get_string &
(parse_node_get_sub_ptr (node_process_list, j)) &
== process) then
node => parse_node_get_next_ptr (node_process_def)
return
end if
end do
node_process_phs => parse_node_get_next_ptr (node_process_phs)
end do SCAN_FILE
else
node => null ()
end if
end function parse_tree_get_process_ptr

3.4.10 Test the parser

(Parser: public)+=
public :: parse_test

(Parser: procedures)+=
subroutine parse_test
use ifiles
use lexers

type(ifile_t) :: ifile
type(syntax_t), target :: syntax

type(lexer_t) :: lexer
type(stream_t), target :: stream
type(parse_tree_t), target :: parse_tree

print "(A)", "Parser test"
print *
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call ifile_append (ifile, "SEQ expr = term addition*")

call ifile_append (ifile, "SEQ addition = plus_or_minus term")

call ifile_append (ifile, "SEQ term = factor multiplication*")

call ifile_append (ifile, "SEQ multiplication = times_or_over factor")
call ifile_append (ifile, "SEQ factor = atom exponentiation*")

call ifile_append (ifile, "SEQ exponentiation = ’~’ atom")

call ifile_append (ifile, "ALT atom = real | delimited_expr")

call ifile_append (ifile, "GRO delimited_expr = ( expr )")

call ifile_append (ifile, "ALT plus_or_minus = ’+’ | ’-’")
call ifile_append (ifile, "ALT times_or_over = ’*’ | ’/’")
call ifile_append (ifile, "KEY ’+°")
call ifile_append (ifile, "KEY ’-’")

call ifile_append (ifile, "KEY ’x*’")
call ifile_append (ifile, "KEY ’/°")
call ifile_append (ifile, "KEY ’~’")
call ifile_append (ifile, "REA real")

print "(A)", "File contents (syntax definition):"
call ifile_write (ifile)

print "(A)", "EOF"

print *

call syntax_init (syntax, ifile)
call ifile_final (ifile)

call syntax_write (syntax)

print *

call lexer_init (lexer, &

comment_chars = "", &
quote_chars = "’", &
quote_match = "’", &

single_chars = "+-%x/"()", &

special_class = (/ "" /) , &

keyword_list = syntax_get_keyword_list_ptr (syntax))
call lexer_write_setup (lexer)
print *

call ifile_append (ifile, "(27+873-2/3)%(4+7)"2%99")
print "(A)", "File contents (input file):"

call ifile_write (ifile)

print "(A)", "EOF"

print *

call stream_init (stream, ifile)

call lexer_assign_stream (lexer, stream)

call parse_tree_init (parse_tree, syntax, lexer)
call stream_final (stream)

call parse_tree_write (parse_tree)

print *

print "(A)", "Cleanup, everything should now be empty:"
print *

call parse_tree_final (parse_tree)
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call parse_tree_write (parse_tree)
print *

call lexer_final (lexer)
call lexer_write_setup (lexer)
print *

call ifile_final (ifile)
print "(A)", "File contents:"
call ifile_write (ifile)
print "(A)", "EOF"

print *

call syntax_final (syntax)
call syntax_write (syntax)

end subroutine parse_test
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Chapter 4

Physics library

This part consists of two modules:

constants Physical and mathematical parameters that never change. The file
has been moved to the src/misc subdirectory of the WHIZARD project.

c_particles A simple data type for particles which is C compatible.

lorentz Define three-vectors, four-vectors and Lorentz transformations and
common operations for them.

sm_physics Here, running functions are stored for special kinematical setup
like running coupling constants, Catani-Seymour dipoles, or Sudakov fac-
tors.

187



4.1 C-compatible Particle Type

For easy communication with C code, we introduce a simple C-compatible type
for particles. It has the contents of the prt_t type defined in the subevents
module below (except the source information).

The c_prt type is transparent, and its contents should be regarded as part
of the interface.

(c_particles.f90)=
(File header)

module c_particles

use iso_c_binding !NODEP!
(Use file utils)

(Standard module head)
(C Particles: public)
(C Particles: types)
contains

(C Particles: procedures)
end module c_particles

(C Particles: public)=
public :: c_prt_t

(C Particles: types)=

type, bind(C) :: c_prt_t
integer(c_int) :: type = 0
integer(c_int) :: pdg = 0O
integer(c_int) :: polarized = 0
integer(c_int) :: h = 0
real(c_double) :: pe =
real(c_double) :: px =
real(c_double) :: py =
real(c_double) :: pz =
real(c_double) :: p2 =

end type c_prt_t

O O O O o

This is for debugging only, there is no C binding. It is a simplified version of
prt_write.
(C Particles: public)+=

public :: c_prt_write

(C Particles: procedures)=
subroutine c_prt_write (prt, unit)
type(c_prt_t), intent(in) :: prt
integer, intent(in), optional :: unit
integer :: u, i
u = output_unit (unit); if (u < 0) return
write (u, "(1x,A)", advance="no") ‘"prt("
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write (u, "(I0,’:’)", advance="no") prtitype
if (prt¥%polarized /= 0) then
write (u, "(I0,’/’,I0,’|’)", advance="no") prtipdg, prth
else
write (u, "(I0,’|’)", advance="no") prtipdg
end if
write (u, "(1PE12.5,’;’,1PE12.5,’,’,1PE12.5,’,’,1PE12.5)", advance="no") &
prt%pe, prthpx, prtlpy, prtipz
write (u, "(’|’,1PE12.5)", advance="no") prtip2
write (u, "(A)") ")
end subroutine c_prt_write
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4.2 Lorentz algebra

Define Lorentz vectors, three-vectors, boosts, and some functions to manipulate
them.
To make maximum use of this, all functions, if possible, are declared ele-
mental (or pure, if this is not possible).
(lorentz.£90)=
(File header)

module lorentz

(Use kinds)

use constants, only: pi, twopi, degree !NODEP!
(Use file utils)

use diagnostics !NODEP!

use c_particles

(Standard module head)
(Lorentz: public)

(Lorentz: public operators)
(Lorentz: public functions)
(Lorentz: types)

(Lorentz: parameters)
(Lorentz: interfaces)
contains

(Lorentz: procedures)
end module lorentz

4.2.1 Three-vectors

First of all, let us introduce three-vectors in a trivial way. The functions and
overloaded elementary operations clearly are too much overhead, but we like
to keep the interface for three-vectors and four-vectors exactly parallel. By the
way, we might attach a label to a vector by extending the type definition later.
(Lorentz: public)=

public :: vector3_t

(Lorentz: types)=
type :: vector3d_t
private
real(default), dimension(3) :: p
end type vector3_t
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Output a vector
(Lorentz: public)+=
public :: vector3_write

(Lorentz: procedures)=
subroutine vector3_write (p, unit)

type(vector3_t), intent(in) :: p
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
write(u, *) ’P = ’, plhp
end subroutine vector3_write

This is a three-vector with zero components
(Lorentz: public)+=
public :: vector3_null

(Lorentz: parameters)=
type(vector3_t), parameter :: vector3_null = &
vector3_t ((/ 0._default, O0._default, 0._default /))

Canonical three-vector:

(Lorentz: public)+=
public :: vector3_canonical

(Lorentz: procedures)+=
elemental function vector3_canonical (k) result (p)
type(vector3_t) :: p

integer, intent(in) :: k
p = vector3_null
phpx) =1

end function vector3_canonical

A moving particle (k-axis, or arbitrary axis). Note that the function for the
generic momentum cannot be elemental.
(Lorentz: public)+=

public :: vector3_moving

(Lorentz: interfaces)=
interface vector3_moving
module procedure vector3_moving_canonical
module procedure vector3_moving_generic
end interface

(Lorentz: procedures)+=
elemental function vector3_moving_canonical (p, k) result(q)

type(vector3_t) :: q
real(default), intent(in) :: p
integer, intent(in) :: k

q = vector3_null

qhpk) = p

end function vector3_moving_canonical
pure function vector3_moving_generic (p) result(q)
real(default), dimension(3), intent(in) :: p
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type(vector3_t) :: q
qip = P
end function vector3_moving_generic

Equality and inequality
(Lorentz: public operators)=

public :: operator(==), operator (/=)
(Lorentz: interfaces)+=

interface operator (==

module procedure vector3_eq
end interface
interface operator (/=)

module procedure vector3_neq
end interface

(Lorentz: procedures)+=

elemental function vector3_eq (p, q) result (r)
logical :: r
type(vector3_t), intent(in) :: p,q
r = all (plkp == q%p)

end function vector3_eq

elemental function vector3_neq (p, q) result (r)
logical :: r
type(vector3_t), intent(in) :: p,q
r = any (plhp /= q%p)

end function vector3_neq

Define addition and subtraction

(Lorentz: public operators)+=
public :: operator(+), operator(-)

(Lorentz: interfaces)+=
interface operator(+)
module procedure add_vector3
end interface
interface operator(-)
module procedure sub_vector3
end interface

(Lorentz: procedures)+=

elemental function add_vector3 (p, q) result (r)
type(vector3_t) :: r
type(vector3_t), intent(in) :: p,q
rhp = php + Qkp

end function add_vector3

elemental function sub_vector3 (p, q) result (r)
type(vector3_t) :: r
type(vector3_t), intent(in) :: p,q
rhp = php - qhp

end function sub_vector3

The multiplication sign is overloaded with scalar multiplication; similarly divi-
sion:

(Lorentz: public operators)+=
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public :: operator(x*), operator(/)

(Lorentz: interfaces)+=

interface operator(*)
module procedure prod_integer_vector3, prod_vector3_integer
module procedure prod_real_vector3, prod_vector3_real

end interface

interface operator (/)
module procedure div_vector3_real, div_vector3_integer

end interface

(Lorentz: procedures)+=

elemental function prod_real_vector3 (s, p) result (q)
type(vector3_t) :: q
real (default), intent(in) :: s
type(vector3_t), intent(in) :: p
qkp = s * plp

end function prod_real_vector3

elemental function prod_vector3_real (p, s) result (q)
type(vector3_t) :: q
real (default), intent(in) :: s
type(vector3_t), intent(in) :: p
qkp = s * plp

end function prod_vector3_real

elemental function div_vector3_real (p, s) result (q)
type(vector3_t) :: q
real (default), intent(in) :: s
type(vector3_t), intent(in) :: p
qlkp = php/s

end function div_vector3_real

elemental function prod_integer_vector3 (s, p) result (q)
type(vector3_t) :: q
integer, intent(in) :: s
type(vector3_t), intent(in) :: p
qkp = s * plp

end function prod_integer_vector3

elemental function prod_vector3_integer (p, s) result (q)
type(vector3_t) :: q
integer, intent(in) :: s
type(vector3_t), intent(in) :: p
qkp = s * plp

end function prod_vector3_integer

elemental function div_vector3_integer (p, s) result (q)
type(vector3_t) :: q
integer, intent(in) :: s
type(vector3_t), intent(in) :: p
qhkp = php/s

end function div_vector3_integer

The multiplication sign can also indicate scalar products:

(Lorentz: interfaces)+=
interface operator (*)
module procedure prod_vector3
end interface
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(Lorentz: procedures)+=
elemental function prod_vector3 (p, q) result (s)
real(default) :: s
type(vector3_t), intent(in) :: p,q
s = dot_product (plp, qkp)
end function prod_vector3

(Lorentz: public functions)=
public :: cross_product

(Lorentz: interfaces)+=
interface cross_product
module procedure vector3_cross_product
end interface

(Lorentz: procedures)+=
elemental function vector3_cross_product (p, q) result (r)

type(vector3_t) :: r
type(vector3_t), intent(in) :: p,q
integer :: i
do i=1,3
rp(i) = dot_product (plp, matmul (epsilon_three(i,:,:), q%p))
end do

end function vector3_cross_product

Exponentiation is defined only for integer powers. Odd powers mean take the
square root; so p**1 is the length of p.

(Lorentz: public operators)+=
public :: operator (**)

(Lorentz: interfaces)+=
interface operator (**)
module procedure power_vector3
end interface

(Lorentz: procedures)+=
elemental function power_vector3 (p, e) result (s)
real(default) :: s
type(vector3_t), intent(in) :: p
integer, intent(in) :: e
s = dot_product (p%p, pkp)
if (e/=2) then
if (mod(e,2)==0) then

s = sx*x(e/2)
else
s = sqrt(s)*x*e
end if
end if

end function power_vector3

Finally, we need a negation.
(Lorentz: interfaces)+=
interface operator(-)
module procedure negate_vector3
end interface
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(Lorentz: procedures)+=
elemental function negate_vector3 (p) result (q)
type(vector3_t) :: q
type(vector3_t), intent(in) :: p
qkp = -php

end function negate_vector3

The sum function can be useful:

(Lorentz: public functions)+=
public :: sum

(Lorentz: interfaces)+=
interface sum
module procedure sum_vector3
end interface

There used to be a mask here, but the Intel compiler crashes with it

(Lorentz: procedures)+=
pure function sum_vector3 (p) result (q)
type(vector3_t) :: q

type(vector3_t), dimension(:), intent(in) :: p
integer :: i
do i=1, 3
q%p(i) = sum (pkp(i))
end do

end function sum_vector3
pure function sum_vector3_mask (p, mask) result (q)
type(vector3_t) :: q

1

1

! type(vector3_t), dimension(:), intent(in) :: p
! logical, dimension(:), intent(in) :: mask

! integer :: i

! do i=1, 3

! qkp(i) = sum (p%p(i), mask=mask)

! end do

1

end function sum_vector3_mask

Any component:
(Lorentz: public)+=

public :: vector3_get_component

(Lorentz: procedures)+=
elemental function vector3_get_component (p, k) result (c)

type(vector3_t), intent(in) :: p
integer, intent(in) :: k
real(default) :: c¢

c = php(k)

end function vector3_get_component

Extract all components. This is not elemental.

(Lorentz: public)+=
public :: vector3_get_components
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(Lorentz: procedures)+=
pure function vector3_get_components (p) result (a)

type(vector3_t), intent(in) :: p
real (default), dimension(3) :: a
a = phkp

end function vector3_get_components

This function returns the direction of a three-vector, i.e., a normalized three-
vector
(Lorentz: public functions)+=
public :: direction
(Lorentz: interfaces)+=
interface direction

module procedure vector3_get_direction
end interface

(Lorentz: procedures)+=
elemental function vector3_get_direction (p) result (q)
type(vector3_t) :: q
type(vector3_t), intent(in) :: p
qkp = php / p**1
end function vector3_get_direction

4.2.2 Four-vectors

In four-vectors the zero-component needs special treatment, therefore we do not
use the standard operations. Sure, we pay for the extra layer of abstraction by
losing efficiency; so we have to assume that the time-critical applications do not
involve four-vector operations.
(Lorentz: public)+=
public :: vector4_t
(Lorentz: types)+=
type :: vectord_t
private
real(default), dimension(0:3) :: p = &
(/ 0._default, 0._default, 0._default, O._default /)
end type vector4_t

Output a vector
(Lorentz: public)+=
public :: vector4_write

(Lorentz: procedures)+=
subroutine vector4_write (p, unit, show_mass)

type(vector4_t), intent(in) :: p

integer, intent(in), optional :: unit
logical, intent(in), optional :: show_mass
integer :: u

u = output_unit (unit); if (u < 0) return
write(u, *) E = ’, p%p(0)

write(u, *) °’P >, php(l:)

if (present (show_mass)) then
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if (show_mass) &
write (u, *) ’M = ’, px*1
end if
end subroutine vector4_write

Binary I/0

(Lorentz: public)+=
public :: vector4_write_raw
public :: vector4_read_raw

(Lorentz: procedures)+=
subroutine vector4_write_raw (p, u)
type(vector4_t), intent(in) :: p
integer, intent(in) :: u
write (u) pikp
end subroutine vector4_write_raw

subroutine vector4_read_raw (p, u, iostat)

type(vector4_t), intent(out) :: p
integer, intent(in) :: u
integer, intent(out), optional :: iostat

read (u, iostat=iostat) plp
end subroutine vector4_read_raw

This is a four-vector with zero components
(Lorentz: public)+=

public :: vector4_null
(Lorentz: parameters)+=

type(vector4_t), parameter :: vector4_null = &
vector4d_t ((/ 0._default, 0._default, 0._default, O._default /))

Canonical four-vector:
(Lorentz: public)+=

public :: vector4_canonical
(Lorentz: procedures)+=

elemental function vector4_canonical (k) result (p)
type(vector4_t) :: p

integer, intent(in) :: k
p = vector4_null
php(k) =

end function vector4_canonical

A particle at rest:
(Lorentz: public)+=
public :: vector4_at_rest
(Lorentz: procedures)+=
elemental function vector4_at_rest (m) result (p)
type(vectord_t) :: p
real (default), intent(in) :: m
p = vector4_t ((/ m, O._default, 0._default, O0._default /))
end function vector4_at_rest
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A moving particle (k-axis, or arbitrary axis)
(Lorentz: public)+=
public :: vector4_moving

(Lorentz: interfaces)+=
interface vector4_moving
module procedure vector4_moving_canonical
module procedure vector4_moving_generic
end interface

(Lorentz: procedures)+=
elemental function vector4_moving_canonical (E, p, k) result (q)
type(vectord_t) :: q
real(default), intent(in) :: E, p

integer, intent(in) :: k
q = vector4_at_rest(E)
qhpk) = p

end function vector4_moving_canonical
elemental function vector4_moving_generic (E, p) result (q)
type(vectord_t) :: q

real (default), intent(in) :: E
type(vector3_t), intent(in) :: p
q%p(0) = E

qhp(1:) = php

end function vector4_moving_generic

Equality and inequality
(Lorentz: interfaces)+=
interface operator (==
module procedure vector4_eq
end interface
interface operator(/=)
module procedure vector4_neq
end interface

(Lorentz: procedures)+=

elemental function vector4_eq (p, q) result (r)
logical :: r
type(vector4_t), intent(in) :: p,q
r = all (plkp == q%p)

end function vector4_eq

elemental function vector4_neq (p, q) result (r)
logical :: r
type(vector4_t), intent(in) :: p,q
r = any (p%hp /= qkp)

end function vector4_neq

Addition and subtraction:

(Lorentz: interfaces)+=
interface operator(+)
module procedure add_vector4
end interface
interface operator(-)
module procedure sub_vector4
end interface
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(Lorentz: procedures)+=

elemental function add_vector4 (p,q) result (r)
type(vectord_t) :: r
type(vector4_t), intent(in) :: p,q
rhp = Php + Qhp

end function add_vector4d

elemental function sub_vector4 (p,q) result (r)
type(vector4_t) :: r
type(vector4_t), intent(in) :: p,q
rhp = php - Qkp

end function sub_vector4

We also need scalar multiplication and division:

(Lorentz: interfaces)+=
interface operator (%)
module procedure prod_real_vector4, prod_vector4_real
module procedure prod_integer_vector4, prod_vector4_integer
end interface
interface operator(/)
module procedure div_vector4_real
module procedure div_vector4_integer
end interface

(Lorentz: procedures)+=

elemental function prod_real_vector4 (s, p) result (q)
type(vectord_t) :: q
real(default), intent(in) :: s
type(vector4_t), intent(in) :: p
qkp = s * php

end function prod_real_vector4

elemental function prod_vector4_real (p, s) result (q)
type(vectord_t) :: q
real(default), intent(in) :: s
type(vector4_t), intent(in) :: p
qkp = s * plp

end function prod_vector4_real

elemental function div_vector4_real (p, s) result (q)
type(vectord_t) :: q
real(default), intent(in) :: s
type(vector4_t), intent(in) :: p
qkp = php/s

end function div_vector4_real

elemental function prod_integer_vector4 (s, p) result (q)
type(vectord_t) :: q
integer, intent(in) :: s
type(vector4_t), intent(in) :: p
qkp = s * php

end function prod_integer_vector4

elemental function prod_vector4_integer (p, s) result (q)
type(vectord_t) :: q
integer, intent(in) :: s
type(vector4_t), intent(in) :: p
akp = s * plp

end function prod_vector4_integer
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elemental function div_vector4_integer (p, s) result (q)
type(vector4_t) :: q
integer, intent(in) :: s
type(vector4_t), intent(in) :: p
qhkp = php/s

end function div_vector4_integer

Scalar products and squares in the Minkowski sense:

(Lorentz: interfaces)+=
interface operator (*)
module procedure prod_vector4
end interface
interface operator (**)
module procedure power_vector4
end interface

(Lorentz: procedures)+=
elemental function prod_vector4 (p, q) result (s)
real(default) :: s
type(vector4_t), intent(in) :: p,q
s = php(0)*qkp(0) - dot_product(pkp(1:), qhp(1:))
end function prod_vector4

The power operation for four-vectors is signed, i.e., p**1 is positive for timelike
and negative for spacelike vectors. Note that (px*1)*#*2 is not necessarily equal
to px*2.
(Lorentz: procedures)+=
elemental function power_vector4 (p, e) result (s)
real(default) :: s

type(vector4_t), intent(in) :: p
integer, intent(in) :: e
S = p*p

if (e/=2) then
if (mod(e,2)==0) then
s = sx*x(e/2)
elseif (s>=0) then
s = sqrt(s)x*x*e
else
s = -(sqrt(abs(s))**e)
end if
end if
end function power_vector4

Finally, we introduce a negation

(Lorentz: interfaces)+=
interface operator(-)
module procedure negate_vector4
end interface

(Lorentz: procedures)+=
elemental function negate_vector4 (p) result (q)
type(vectord_t) :: q
type(vector4_t), intent(in) :: p
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qkp = -php
end function negate_vector4

The sum function can be useful:

(Lorentz: interfaces)+=
interface sum
module procedure sum_vector4
end interface

There used to be a mask here, but the Intel compiler crashes with it

(Lorentz: procedures)+=
pure function sum_vector4 (p) result (q)
type(vector4_t) :: q

type(vector4_t), dimension(:), intent(in) :: p
integer :: i
do i=0, 3
qhp(i) = sum (pkp(i))
end do

end function sum_vector4
! pure function sum_vector4_mask (p, mask) result (q)
! type(vector4_t) :: q

! type(vector4_t), dimension(:), intent(in) :: p
! logical, dimension(:), intent(in) :: mask

! integer :: i

! do i=0, 3

! qhp(i) = sum (p%p(i), mask=mask)

! end do

! end function sum_vector4_mask

4.2.3 Conversions

Manually set a component of the four-vector:
(Lorentz: public)+=

public :: vector4_set_component

(Lorentz: procedures)+=
subroutine vector4_set_component (p, k, c)

type(vector4_t), intent(inout) :: p
integer, intent(in) :: k

real (default), intent(in) :: c
phip(k) = ¢

end subroutine vector4_set_component

Any component:

(Lorentz: public)+=
public :: vector4_get_component

(Lorentz: procedures)+=
elemental function vector4_get_component (p, k) result (c)
real(default) :: c
type(vector4_t), intent(in) :: p
integer, intent(in) :: k
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c = php(k)
end function vector4_get_component

Extract all components. This is not elemental.
(Lorentz: public)+=
public :: vector4_get_components

(Lorentz: procedures)+=
pure function vector4_get_components (p) result (a)

real(default), dimension(0:3) :: a
type(vector4_t), intent(in) :: p
a = phkp

end function vector4_get_components

This function returns the space part of a four-vector, such that we can apply
three-vector operations on it:

(Lorentz: public functions)+=
public :: space_part

(Lorentz: interfaces)+=
interface space_part
module procedure vector4_get_space_part
end interface

(Lorentz: procedures)+=
elemental function vector4_get_space_part (p) result (q)
type(vector3_t) :: q
type(vector4_t), intent(in) :: p
qhkp = php(1:)

end function vector4_get_space_part

This function returns the direction of a four-vector, i.e., a normalized three-
vector

(Lorentz: interfaces)+=
interface direction
module procedure vector4_get_direction
end interface

(Lorentz: procedures)+=
elemental function vector4_get_direction (p) result (q)
type(vector3_t) :: q
type(vector4_t), intent(in) :: p
qhkp = php(1:)
q =9/ g1
end function vector4_get_direction

This function returns the four-vector as an ordinary array. A second version for
an array of four-vectors.

(Lorentz: public functions)+=
public :: array_from_vector4
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(Lorentz: interfaces)+=
interface array_from_vector4
module procedure array_from_vector4_1
module procedure array_from_vector4_2
end interface

(Lorentz: procedures)+=
pure function array_from_vector4_1 (p) result (a)

type(vector4_t), intent(in) :: p
real (default), dimension(0:3) :: a
a = php

end function array_from_vector4_1

pure function array_from_vector4_2 (p) result (a)

type(vector4_t), dimension(:), intent(in) :: p
real(default), dimension(0:3, size(p)) :: a
integer :: i

forall (i=1:size(p))
a(0:3,i) = p(L)%p
end forall
end function array_from_vector4_2

Transform the momentum of a c_prt object into a four-vector:

(Lorentz: public)+=
public :: vector4_from_c_prt

(Lorentz: procedures)+=

elemental function vector4_from_c_prt (c_prt) result (p)
type(vectord_t) :: p
type(c_prt_t), intent(in) :: c_prt
p%4p(0) = c_prtipe
php(1) = c_prtihpx
php(2) = c_prtipy
php(3) = c_prtihpz

end function vector4_from_c_prt

Initialize a c_prt_t object with the components of a four-vector as its kine-
matical entries. Compute the invariant mass, or use the optional mass-squared
value instead.

(Lorentz: public)+=
public :: vector4_to_c_prt

(Lorentz: procedures)+=
elemental function vector4_to_c_prt (p, p2) result (c_prt)
type(c_prt_t) :: c_prt
type(vector4_t), intent(in) :: p
real(default), intent(in), optional :: p2
c_prt/pe = php(0)
c_prtipx = php(1)
c_prt¥py = php(2)
c_prthpz = php(3)
if (present (p2)) then
c_prt/p2 = p2
else
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c_prtip2 = p ** 2
end if
end function vector4_to_c_prt

4.2.4 Angles

Return the angles in a canonical system. The angle ¢ is defined between 0 <
¢ < 2m. In degenerate cases, return zero.
(Lorentz: public functions)+=

public :: azimuthal_angle

(Lorentz: interfaces)+=
interface azimuthal_angle
module procedure vector3_azimuthal_angle
module procedure vector4_azimuthal_angle
end interface

(Lorentz: procedures)+=
elemental function vector3_azimuthal_angle (p) result (phi)
real(default) :: phi
type(vector3_t), intent(in) :: p
if (any(p%p(1:2)/=0)) then
phi = atan2(p’p(2), pkp(1))
if (phi < 0) phi = phi + twopi
else
phi =0
end if
end function vector3_azimuthal_angle
elemental function vector4_azimuthal_angle (p) result (phi)
real(default) :: phi
type(vector4_t), intent(in) :: p
phi = vector3_azimuthal_angle (space_part (p))
end function vector4_azimuthal_angle

Azimuthal angle in degrees

(Lorentz: public functions)+=
public :: azimuthal_angle_deg

(Lorentz: interfaces)+=
interface azimuthal_angle_deg
module procedure vector3_azimuthal_angle_deg
module procedure vector4_azimuthal_angle_deg
end interface

(Lorentz: procedures)+=
elemental function vector3_azimuthal_angle_deg (p) result (phi)
real(default) :: phi
type(vector3_t), intent(in) :: p
phi = vector3_azimuthal_angle (p) / degree
end function vector3_azimuthal_angle_deg

elemental function vector4_azimuthal_angle_deg (p) result (phi)
real(default) :: phi

type(vector4_t), intent(in) :: p
phi = vector4_azimuthal_angle (p) / degree
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end function vector4_azimuthal_angle_deg

The azimuthal distance of two vectors. This is the difference of the azimuthal

angles, but cannot be larger than 7: The result is between —w < A¢ < 7.

(Lorentz: public functions)+=
public :: azimuthal_distance

(Lorentz: interfaces)+=
interface azimuthal_distance
module procedure vector3_azimuthal_distance
module procedure vector4_azimuthal_distance
end interface

(Lorentz: procedures)+=
elemental function vector3_azimuthal_distance (p, q) result (dphi)
real(default) :: dphi
type(vector3_t), intent(in) :: p,q
dphi = vector3_azimuthal_angle (q) - vector3_azimuthal_angle (p)
if (dphi <= -pi) then
dphi = dphi + twopi
else if (dphi > pi) then
dphi = dphi - twopi
end if
end function vector3_azimuthal_distance
elemental function vector4_azimuthal_distance (p, q) result (dphi)
real(default) :: dphi
type(vector4_t), intent(in) :: p,q
dphi = vector3_azimuthal_distance &
(space_part (p), space_part (q))
end function vector4_azimuthal_distance

The same in degrees:

(Lorentz: public functions)+=
public :: azimuthal_distance_deg

(Lorentz: interfaces)+=
interface azimuthal_distance_deg
module procedure vector3_azimuthal_distance_deg
module procedure vector4_azimuthal_distance_deg
end interface

(Lorentz: procedures)+=

elemental function vector3_azimuthal_distance_deg (p, q) result (dphi)

real(default) :: dphi

type(vector3_t), intent(in) :: p,q

dphi = vector3_azimuthal_distance (p, q) / degree
end function vector3_azimuthal_distance_deg

elemental function vector4_azimuthal_distance_deg (p, q) result (dphi)

real(default) :: dphi

type(vector4_t), intent(in) :: p,q

dphi = vector4_azimuthal_distance (p, q) / degree
end function vector4_azimuthal_distance_deg

205



The polar angle is defined 0 < # < 7. Note that ATAN2 has the reversed order of
arguments: ATAN2(Y,X). Here, = is the 3-component while y is the transverse
momentum which is always nonnegative. Therefore, the result is nonnegative
as well.

(Lorentz: public functions)+=
public :: polar_angle

(Lorentz: interfaces)+=
interface polar_angle
module procedure polar_angle_vector3
module procedure polar_angle_vector4
end interface

(Lorentz: procedures)+=
elemental function polar_angle_vector3 (p) result (theta)
real(default) :: theta
type(vector3_t), intent(in) :: p
if (any(pkp/=0)) then
theta = atan2 (sqrt(php(1)**2 + plp(2)**2), pkp(3))
else
theta = 0
end if
end function polar_angle_vector3d
elemental function polar_angle_vector4 (p) result (theta)
real(default) :: theta
type(vector4_t), intent(in) :: p
theta = polar_angle (space_part (p))
end function polar_angle_vector4

This is the cosine of the polar angle: —1 < cosf < 1.

(Lorentz: public functions)+=
public :: polar_angle_ct

(Lorentz: interfaces)+=
interface polar_angle_ct
module procedure polar_angle_ct_vector3
module procedure polar_angle_ct_vector4d
end interface

(Lorentz: procedures)+=
elemental function polar_angle_ct_vector3 (p) result (ct)
real(default) :: ct
type(vector3_t), intent(in) :: p
if (any(pkp/=0)) then
ct = php(3) / p**1
else
ct =1
end if
end function polar_angle_ct_vector3
elemental function polar_angle_ct_vector4 (p) result (ct)
real(default) :: ct
type(vector4_t), intent(in) :: p
ct = polar_angle_ct (space_part (p))
end function polar_angle_ct_vector4
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The polar angle in degrees.

(Lorentz: public functions)+=
public :: polar_angle_deg

(Lorentz: interfaces)+=
interface polar_angle_deg
module procedure polar_angle_deg_vector3
module procedure polar_angle_deg_vector4
end interface

(Lorentz: procedures)+=

elemental function polar_angle_deg_vector3 (p) result (theta)
real(default) :: theta
type(vector3_t), intent(in) :: p
theta = polar_angle (p) / degree

end function polar_angle_deg_vector3

elemental function polar_angle_deg_vectord (p) result (theta)
real(default) :: theta
type(vector4_t), intent(in) :: p
theta = polar_angle (p) / degree

end function polar_angle_deg_vector4

This is the angle enclosed between two three-momenta. If one of the momenta
is zero, we return an angle of zero. The range of the result is 0 < 6 < 7. If
there is only one argument, take the positive z axis as reference.
(Lorentz: public functions)+=

public :: enclosed_angle

(Lorentz: interfaces)+=
interface enclosed_angle
module procedure enclosed_angle_vector3
module procedure enclosed_angle_vector4
end interface

(Lorentz: procedures)+=

elemental function enclosed_angle_vector3 (p, q) result (theta)
real(default) :: theta
type(vector3_t), intent(in) :: p, q
theta = acos (enclosed_angle_ct (p, q))

end function enclosed_angle_vector3

elemental function enclosed_angle_vector4 (p, q) result (theta)
real(default) :: theta
type(vector4_t), intent(in) :: p, q
theta = enclosed_angle (space_part (p), space_part (q))

end function enclosed_angle_vector4

The cosine of the enclosed angle.

(Lorentz: public functions)+=
public :: enclosed_angle_ct

(Lorentz: interfaces)+=
interface enclosed_angle_ct
module procedure enclosed_angle_ct_vector3
module procedure enclosed_angle_ct_vector4
end interface
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(Lorentz: procedures)+=
elemental function enclosed_angle_ct_vector3 (p, q) result (ct)
real(default) :: ct
type(vector3_t), intent(in) :: p, q
if (any(p%p/=0) .and.any(q%p/=0)) then
ct = pxq / (p*x*1 * q*x1)
if (ct>1) then

ct =1
else if (ct<-1) then
ct = -1
end if
else
ct =1
end if

end function enclosed_angle_ct_vector3

elemental function enclosed_angle_ct_vector4 (p, q) result (ct)
real(default) :: ct
type(vector4_t), intent(in) :: p, q
ct = enclosed_angle_ct (space_part (p), space_part (q))

end function enclosed_angle_ct_vector4

The enclosed angle in degrees.

(Lorentz: public functions)+=
public :: enclosed_angle_deg

(Lorentz: interfaces)+=
interface enclosed_angle_deg
module procedure enclosed_angle_deg_vector3
module procedure enclosed_angle_deg_vector4
end interface

(Lorentz: procedures)+=

elemental function enclosed_angle_deg_vector3 (p, q) result (theta)
real(default) :: theta
type(vector3_t), intent(in) :: p, q
theta = enclosed_angle (p, q) / degree

end function enclosed_angle_deg_vector3d

elemental function enclosed_angle_deg_vector4 (p, q) result (theta)
real(default) :: theta
type(vector4_t), intent(in) :: p, q
theta = enclosed_angle (p, q) / degree

end function enclosed_angle_deg_vector4

The polar angle of the first momentum w.r.t. the second momentum, evaluated
in the rest frame of the second momentum. If the second four-momentum is not
timelike, return zero.

(Lorentz: public functions)+=

public :: enclosed_angle_rest_frame
public :: enclosed_angle_ct_rest_frame
public :: enclosed_angle_deg_rest_frame

(Lorentz: interfaces)+=
interface enclosed_angle_rest_frame
module procedure enclosed_angle_rest_frame_vector4
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end interface
interface enclosed_angle_ct_rest_frame

module procedure enclosed_angle_ct_rest_frame_vectord
end interface
interface enclosed_angle_deg_rest_frame

module procedure enclosed_angle_deg_rest_frame_vector4d
end interface

(Lorentz: procedures)+=
elemental function enclosed_angle_rest_frame_vector4 (p, q) result (theta)
type(vector4_t), intent(in) :: p, q
real(default) :: theta
theta = acos (enclosed_angle_ct_rest_frame (p, q))
end function enclosed_angle_rest_frame_vectord
elemental function enclosed_angle_ct_rest_frame_vector4d (p, q) result (ct)
type(vector4_t), intent(in) :: p, q
real(default) :: ct
if (invariant_mass(q) > 0) then
ct = enclosed_angle_ct ( &
space_part (boost(-q, invariant_mass (q)) * p), &
space_part (q))
else
ct =1
end if
end function enclosed_angle_ct_rest_frame_vector4
elemental function enclosed_angle_deg_rest_frame_vectord (p, q) &
result (theta)
type(vector4_t), intent(in) :: p, q
real(default) :: theta
theta = enclosed_angle_rest_frame (p, q) / degree
end function enclosed_angle_deg_rest_frame_vector4d

4.2.5 More kinematical functions (some redundant)

The scalar transverse momentum (assuming the z axis is longitudinal)

(Lorentz: public functions)+=
public :: transverse_part

(Lorentz: interfaces)+=
interface transverse_part
module procedure transverse_part_vector4
end interface
(Lorentz: procedures)+=
elemental function transverse_part_vector4 (p) result (pT)
real(default) :: pT
type(vector4_t), intent(in) :: p
pT = sqrt(php(1)**2 + pip(2)**2)
end function transverse_part_vector4

The scalar longitudinal momentum (assuming the z axis is longitudinal). Iden-
tical to momentum_z_component.

(Lorentz: public functions)+=
public :: longitudinal_part
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(Lorentz: interfaces)+=
interface longitudinal_part
module procedure longitudinal_part_vector4
end interface

(Lorentz: procedures)+=
elemental function longitudinal_part_vector4 (p) result (pL)
real(default) :: pL
type(vector4_t), intent(in) :: p
pL = p/p(3)
end function longitudinal_part_vector4

Absolute value of three-momentum

(Lorentz: public functions)+=
public :: space_part_norm

(Lorentz: interfaces)+=
interface space_part_norm
module procedure space_part_norm_vector4
end interface

(Lorentz: procedures)+=
elemental function space_part_norm_vector4 (p) result (p3)
real(default) :: p3
type(vector4_t), intent(in) :: p
p3 = sqrt (php(L)**2 + plhp(2)*x2 + plp(3)**2)
end function space_part_norm_vector4

The energy (the zeroth component)

(Lorentz: public functions)+=
public :: energy

(Lorentz: interfaces)+=
interface energy
module procedure energy_vector4d
module procedure energy_vector3
module procedure energy_real
end interface

(Lorentz: procedures)+=
elemental function energy_vector4 (p) result (E)
real(default) :: E
type(vector4_t), intent(in) :: p
E = p%p(0)
end function energy_vector4

Alternative: The energy corresponding to a given momentum and mass. If the
mass is omitted, it is zero

(Lorentz: procedures)+=
elemental function energy_vector3 (p, mass) result (E)
real(default) :: E
type(vector3_t), intent(in) :: p
real(default), intent(in), optional :: mass
if (present (mass)) then
E = sqrt (p**2 + mass**2)
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else
E = p¥x1
end if
end function energy_vector3

elemental function energy_real (p, mass) result (E)
real(default) :: E
real(default), intent(in) :: p
real(default), intent(in), optional :: mass
if (present (mass)) then
E = sqrt (p**2 + mass**2)
else
E = abs (p)
end if
end function energy_real

The invariant mass of four-momenta. Zero for lightlike, negative for spacelike
momenta.

(Lorentz: public functions)+=
public :: invariant_mass

(Lorentz: interfaces)+=
interface invariant_mass
module procedure invariant_mass_vector4
end interface

(Lorentz: procedures)+=
elemental function invariant_mass_vector4 (p) result (m)
real(default) :: m

type(vector4_t), intent(in) :: p
real(default) :: msq
msq = p*p

if (msq >= 0) then
m = sqrt (msq)
else
m = - sqrt (abs (msq))
end if
end function invariant_mass_vector4d

The invariant mass squared. Zero for lightlike, negative for spacelike momenta.

(Lorentz: public functions)+=
public :: invariant_mass_squared

(Lorentz: interfaces)+=
interface invariant_mass_squared
module procedure invariant_mass_squared_vector4
end interface

(Lorentz: procedures)+=
elemental function invariant_mass_squared_vector4 (p) result (msq)
real(default) :: msq
type(vector4_t), intent(in) :: p
msq = p*p
end function invariant_mass_squared_vector4
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The transverse mass. If the mass squared is negative, this value also is negative.

(Lorentz: public functions)+=
public :: transverse_mass

(Lorentz: interfaces)+=
interface transverse_mass
module procedure transverse_mass_vector4
end interface

(Lorentz: procedures)+=
elemental function transverse_mass_vector4 (p) result (m)
real(default) :: m
type(vector4_t), intent(in) :: p
real(default) :: msq
msq = php(0)**2 — plp(1)*x2 - plp(2)**2
if (msq >= 0) then
m = sqrt (msq)
else
m = - sqrt (abs (msq))
end if
end function transverse_mass_vector4

The rapidity (defined if particle is massive or p; > 0)

(Lorentz: public functions)+=
public :: rapidity

(Lorentz: interfaces)+=
interface rapidity
module procedure rapidity_vector4
end interface

(Lorentz: procedures)+=
elemental function rapidity_vector4 (p) result (y)
real(default) :: y

type(vector4_t), intent(in) :: p
y = .5 * log( (energy (p) + longitudinal_part (p)) &
& /(energy (p) - longitudinal_part (p)))

end function rapidity_vector4

The pseudorapidity (defined if p; > 0)

(Lorentz: public functions)+=
public :: pseudorapidity

(Lorentz: interfaces)+=
interface pseudorapidity
module procedure pseudorapidity_vector4
end interface

(Lorentz: procedures)+=
elemental function pseudorapidity_vector4 (p) result (eta)
real(default) :: eta
type(vector4_t), intent(in) :: p
eta = -log( tan (.5 * polar_angle (p)))
end function pseudorapidity_vector4
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The rapidity distance (defined if both p; > 0)

(Lorentz: public functions)+=
public :: rapidity_distance

(Lorentz: interfaces)+=
interface rapidity_distance
module procedure rapidity_distance_vector4
end interface

(Lorentz: procedures)+=
elemental function rapidity_distance_vector4 (p, q) result (dy)
type(vector4_t), intent(in) :: p, q
real(default) :: dy
dy = rapidity (q) - rapidity (p)
end function rapidity_distance_vector4

The pseudorapidity distance (defined if both p; > 0)

(Lorentz: public functions)+=
public :: pseudorapidity_distance

(Lorentz: interfaces)+=
interface pseudorapidity_distance
module procedure pseudorapidity_distance_vector4
end interface

(Lorentz: procedures)+=
elemental function pseudorapidity_distance_vector4 (p, q) result (deta)
real(default) :: deta
type(vector4_t), intent(in) :: p, q
deta = pseudorapidity (q) - pseudorapidity (p)
end function pseudorapidity_distance_vector4

The distance on the  — ¢ cylinder:

(Lorentz: public functions)+=
public :: eta_phi_distance

(Lorentz: interfaces)+=
interface eta_phi_distance
module procedure eta_phi_distance_vector4
end interface

(Lorentz: procedures)+=
elemental function eta_phi_distance_vector4 (p, q) result (dr)
type(vector4_t), intent(in) :: p, q
real(default) :: dr
dr = sqrt ( &
pseudorapidity_distance (p, q)**2 &
+ azimuthal_distance (p, q)**2)
end function eta_phi_distance_vector4

4.2.6 Lorentz transformations

(Lorentz: public)+=
public :: lorentz_transformation_t
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(Lorentz: types)+=
type :: lorentz_transformation_t
private
real (default), dimension(0:3, 0:3) :: L
end type lorentz_transformation_t

Output:
(Lorentz: public)+=
public :: lorentz_transformation_write

(Lorentz: procedures)+=
subroutine lorentz_transformation_write (L, unit)

type(lorentz_transformation_t), intent(in) :: L
integer, intent(in), optional :: unit

integer :: u

integer :: i

u = output_unit (unit); if (u < 0) return
write (u, *) ’Lorentz transformation:’
write (u, *) ’L00:’
write (u, *) L%L(0,0)
write (u, *) ’LOj:’, L%L(0,1:)
write (u, *) °LiO, Lij:’
doi=1, 3
write (u, *) L%L(i,0)
write (u, *) ° >, LYUL(i,1:)
end do
end subroutine lorentz_transformation_write

Extract all components:
(Lorentz: public)+=
public :: lorentz_transformation_get_components

(Lorentz: procedures)+=
pure function lorentz_transformation_get_components (L) result (a)

type(lorentz_transformation_t), intent(in) :: L
real (default), dimension(0:3,0:3) :: a
a = LyL

end function lorentz_transformation_get_components

4.2.7 Functions of Lorentz transformations

For the inverse, we make use of the fact that A*”A,, = 7. So, lowering the
indices and transposing is sufficient.
(Lorentz: public functions)+=

public :: inverse

(Lorentz: interfaces)+=
interface inverse
module procedure lorentz_transformation_inverse
end interface
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(Lorentz: procedures)+=

elemental function lorentz_transformation_inverse (L) result (IL)
type(lorentz_transformation_t) :: IL
type(lorentz_transformation_t), intent(in) :: L
IL%L(0,0) = L%L(0,0)
IL%L(0,1:) = -L)L(1:,0)
IL%L(1:,0) = -L%L(0,1:)
IL%L(1:,1:) = transpose(L%L(1:,1:))

end function lorentz_transformation_inverse

4.2.8 Invariants

These are used below. The first array index is varying fastest in FORTRAN;
therefore the extra minus in the odd-rank tensor epsilon.

(Lorentz: pammeters) +=

integer, dimension(3,3), parameter :: delta_three = &
& reshape( source = (/ 1,0,0, 0,1,0, 0,0,1 /), &
& shape = (/3,3/) )

integer, dimension(3,3,3), parameter :: epsilon_three = &
& reshape( source = (/ 0, 0,0, 0,0,-1, 0,1,0,&
& o, 0,1, 0,0, 0, -1,0,0,&
& 0,-1,0, 1,0, O, 0,0,0 /),&
& shape = (/3,3,3/) )

This could be of some use:

(Lorentz: public)+=
public :: identity

(Lorentz: parameters)+=
type(lorentz_transformation_t), parameter :: &
& identity = &
& lorentz_transformation_t ( &
& reshape( source = (/ 1._default, 0._default, O._default, 0._default, &

& 0._default, 1._default, 0._default, 0._default, &
& 0._default, 0._default, 1._default, 0._default, &
& 0._default, 0._default, 0._default, 1._default /),&
& shape = (/ 4,4 /) ) )
(Lorentz: public)+=
public :: space_reflection

(Lorentz: parameters)+=
type (lorentz_transformation_t), parameter :: &

& space_reflection = &

& lorentz_transformation_t ( &

& reshape( source = (/ 1._default, 0._default, O._default, 0._default, &
0._default,-1._default, 0._default, 0._default, &
0._default, 0._default,-1._default, 0._default, &
0._default, 0._default, 0._default,-1._default /),&

shape = (/ 4,4 /) ) )

5 S = =
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4.2.9 Boosts

We build Lorentz transformations from boosts and rotations. In both cases we
can supply a three-vector which defines the axis and (hyperbolic) angle. For a
boost, this is the vector 5 = p/E, such that a particle at rest with mass m is
boosted to a particle with three-vector p. Here, we have

B =tanh x = p/E, v =coshx = E/m, By =sinhxy =p/m  (4.1)

(Lorentz: public functions)+=
public :: boost

(Lorentz: interfaces)+=
interface boost
module procedure boost_from_rest_frame
module procedure boost_from_rest_frame_vector3
module procedure boost_generic
module procedure boost_canonical
end interface

In the first form, the argument is some four-momentum, the space part of which
determines a direction, and the associated mass (which is not checked against
the four-momentum). The boost vector 75 is then given by p/m. This boosts
from the rest frame of a particle to the current frame. To be explicit, if p’ is
the momentum of a particle and m its mass, L(p/m) is the transformation that
turns (m;0) into (E;p). Conversely, the inverse transformation boosts a vector
into the rest frame of a particle, in particular (F;p) into (m; 6)
(Lorentz: procedures)+=

elemental function boost_from_rest_frame (p, m) result (L)

type(lorentz_transformation_t) :: L
type(vector4_t), intent(in) :: p
real (default), intent(in) :: m

L = boost_from_rest_frame_vector3 (space_part (p), m)
end function boost_from_rest_frame
elemental function boost_from_rest_frame_vector3 (p, m) result (L)

type(lorentz_transformation_t) :: L
type(vector3_t), intent(in) :: p
real(default), intent(in) :: m
type(vector3_t) :: beta_gamma
real(default) :: bg2, g, c

integer :: i,j

if (m /= 0) then
beta_gamma = p / m
bg2 = beta_gamma**2
else
bg2 = 0
end if
if (bg2 /= 0) then
g = sqrt(l + bg2); c = (g-1)/bg2
L4L(0,0) =g

L%L(0,1:) = beta_gammalp
L%L(1:,0) = L%L(0,1:)
do i=1,3

do j=1,3

L%L(i,j) = delta_three(i,j) + cxbeta_gammayp(i)*beta_gammayp(j)
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end do
end do
else
L = identity
end if
end function boost_from_rest_frame_vector3

A canonical boost is a boost along one of the coordinate axes, which we may
supply as an integer argument. Here, v is scalar.

(Lorentz: procedures)+=
elemental function boost_canonical (beta_gamma, k) result (L)

type(lorentz_transformation_t) :: L
real(default), intent(in) :: beta_gamma
integer, intent(in) :: k

real(default) :: g
g = sqrt(1 + beta_gamma**2)
L = identity

L%L(0,0) = g

L%L(0,k) = beta_gamma
L%L(k,0) = L%L(0,k)
L%L(k,k) = L%L(0,0)

end function boost_canonical
Instead of a canonical axis, we can supply an arbitrary axis which need not be
normalized. If it is zero, return the unit matrix.

(Lorentz: procedures)+=
elemental function boost_generic (beta_gamma, axis) result (L)

type(lorentz_transformation_t) :: L
real(default), intent(in) :: beta_gamma
type(vector3_t), intent(in) :: axis

if (any(axis¥kp/=0)) then

L = boost_from_rest_frame_vector3 (beta_gamma * axis, axis**1)
else

L = identity
end if

end function boost_generic

4.2.10 Rotations

For a rotation, the vector defines the rotation axis, and its length the rotation
angle.

(Lorentz: public functions)+=
public :: rotation

(Lorentz: interfaces)+=
interface rotation
module procedure rotation_generic
module procedure rotation_canonical
module procedure rotation_generic_cs
module procedure rotation_canonical_cs
end interface
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If cos¢ and sin¢ is already known, we do not have to calculate them. Of
course, the user has to ensure that cos? ¢ + sin® ¢ = 1, and that the given axis
n is normalized to one. In the second form, the length of axis is the rotation
angle.
(Lorentz: procedures)+=

elemental function rotation_generic_cs (cp, sp, axis) result (R)

type(lorentz_transformation_t) :: R
real(default), intent(in) :: cp, sp
type(vector3_t), intent(in) :: axis
integer :: 1i,j
R = identity
do i=1,3
do j=1,3
RAL(i,j) = cpxdelta_three(i,j) + (1-cp)*axisip(i)*axisip(j) &
& - sp*dot_product(epsilon_three(i,j,:), axislp)
end do
end do

end function rotation_generic_cs
elemental function rotation_generic (axis) result (R)
type(lorentz_transformation_t) :: R
type(vector3_t), intent(in) :: axis
real(default) :: phi
if (any(axis¥kp/=0)) then
phi = abs(axis**1)
R = rotation_generic_cs (cos(phi), sin(phi), axis/phi)
else
R = identity
end if
end function rotation_generic

Alternatively, give just the angle and label the coordinate axis by an integer.

(Lorentz: procedures)+=
elemental function rotation_canonical_cs (cp, sp, k) result (R)
type(lorentz_transformation_t) :: R
real(default), intent(in) :: cp, sp
integer, intent(in) :: k
integer :: 1i,j
R = identity
do i=1,3
do j=1,3
RAL(i,j) = -sp*epsilon_three(i,j,k)
end do
RAL(i,i) = cp
end do
RAL(k,k) = 1
end function rotation_canonical_cs
elemental function rotation_canonical (phi, k) result (R)

type(lorentz_transformation_t) :: R
real(default), intent(in) :: phi
integer, intent(in) :: k

R = rotation_canonical_cs(cos(phi), sin(phi), k)
end function rotation_canonical

This is viewed as a method for the first argument (three-vector): Reconstruct
the rotation that rotates it into the second three-vector.
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(Lorentz: public functions)+=
public :: rotation_to_2nd

(Lorentz: interfaces)+=
interface rotation_to_2nd
module procedure rotation_to_2nd_generic
module procedure rotation_to_2nd_canonical
end interface

(Lorentz: procedures)+=
elemental function rotation_to_2nd_generic (p, q) result (R)
type(lorentz_transformation_t) :: R
type(vector3_t), intent(in) :: p, gq
type(vector3_t) :: a, b, ab
real (default) :: ct, st
if (any (pkp /= 0) .and. any (qkp /= 0)) then
a = direction (p)
b = direction (q)
ab = cross_product(a,b)
ct = axb; st = ab*x1
if (st /= 0) then
R = rotation_generic_cs (ct, st, ab/st)
else if (ct < 0) then
R = space_reflection
else
R = identity
end if
else
R = identity
end if
end function rotation_to_2nd_generic

The same for a canonical axis: The function returns the transformation that
rotates the k-axis into the direction of p.

(Lorentz: procedures)+=
elemental function rotation_to_2nd_canonical (k, p) result (R)
type(lorentz_transformation_t) :: R
integer, intent(in) :: k
type(vector3_t), intent(in) :: p
type(vector3_t) :: b, ab
real (default) :: ct, st
integer :: i, j
if (any (p%p /= 0)) then
b = direction (p)
ab%p = 0
doi=1, 3
do j=1, 3
ab%p(j) = ablp(j) + b%p(i) * epsilon_three(i,j,k)
end do
end do
ct = bip(k); st = ab¥*1
if (st /= 0) then
R = rotation_generic_cs (ct, st, ab/st)
else if (ct < 0) then
R = space_reflection
else
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R = identity
end if
else
R = identity
end if
end function rotation_to_2nd_canonical

4.2.11 Composite Lorentz transformations

This function returns the transformation that, given a pair of vectors p; 2, (a)
boosts from the rest frame of the c.m. system (with invariant mass m) into the
lab frame where p; are defined, and (b) turns the given axis (or the canonical
vectors £ey) in the rest frame into the directions of p; o in the lab frame. Note
that the energy components are not used; for a consistent result one should have
(p1 4 p2)? = m?.

(Lorentz: public functions)+=

public :: transformation

(Lorentz: interfaces)+=
interface transformation
module procedure transformation_rec_generic
module procedure transformation_rec_canonical
end interface

(Lorentz: procedures)+=
elemental function transformation_rec_generic (axis, pl, p2, m) result (L)

type(vector3_t), intent(in) :: axis
type(vector4_t), intent(in) :: pl, p2
real (default), intent(in) :: m
type(lorentz_transformation_t) :: L

L = boost (pl + p2, m)
L = L * rotation_to_2nd (axis, space_part (inverse (L) * pl))
end function transformation_rec_generic
elemental function transformation_rec_canonical (k, pl, p2, m) result (L)

integer, intent(in) :: k
type(vector4_t), intent(in) :: pl, p2
real (default), intent(in) :: m
type(lorentz_transformation_t) :: L

L = boost (pl + p2, m)
L = L * rotation_to_2nd (k, space_part (inverse (L) * p1l))
end function transformation_rec_canonical

4.2.12 Applying Lorentz transformations

Multiplying vectors and Lorentz transformations is straightforward.

(Lorentz: interfaces)+=
interface operator(*)
module procedure prod_LT_vector4
module procedure prod_LT_LT
module procedure prod_vector4_LT
end interface
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(Lorentz: procedures)+=

elemental function prod_LT_vector4 (L, p) result (ap)
type(vector4_t) :: np
type(lorentz_transformation_t), intent(in) :: L
type(vector4_t), intent(in) :: p
nplp = matmul (L%L, p%p)

end function prod_LT_vector4

elemental function prod_LT_LT (L1, L2) result (NL)
type(lorentz_transformation_t) :: NL
type(lorentz_transformation_t), intent(in) :: L1,L2
NLYL = matmul (L1%L, L2%L)

end function prod_LT_LT

elemental function prod_vector4_LT (p, L) result (np)

type(vector4_t) :: np
type(vector4_t), intent(in) :: p
type(lorentz_transformation_t), intent(in) :: L

np%p = matmul (p¥%p, L%L)
end function prod_vector4_LT

4.2.13 Special Lorentz transformations

These routines have their application in the generation and extraction of an-
gles in the phase-space sampling routine. Since this part of the program is
time-critical, we calculate the composition of transformations directly instead
of multiplying rotations and boosts.

This Lorentz transformation is the composition of a rotation by ¢ around
the 3 axis, a rotation by 6 around the 2 axis, and a boost along the 3 axis:

L = B3(Bv) R2(0) R3(o) (4.2)

Instead of the angles we provide sine and cosine.
(Lorentz: public functions)+=
public :: LT_compose_r3_r2_b3

(Lorentz: procedures)+=
elemental function LT_compose_r3_r2_b3 &
(cp, sp, ct, st, beta_gamma) result (L)

type (lorentz_transformation_t) :: L
real(default), intent(in) :: cp, sp, ct, st, beta_gamma
real(default) :: gamma
if (beta_gamma==0) then
L%L(0,0) =1
L4L(1:,0) = 0
L4L(0,1:) =0
L%L(1,1:) = (/ ctxcp, -ct*sp, st /)
L4L(2,1:) = (/ sp, cp, 0._default /)
L%AL(3,1:) = (/ -st*cp, stx*sp, ct /)
else

gamma = sqrt(l + beta_gamma**2)
L%L(0,0) = gamma

L%L(1,0) =0
L%L(2,0) =0
L%4L(3,0) = beta_gamma
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L%4L(0,1:) = beta_gamma * (/ -st*cp, st*sp, ct /)

LAL(1,1:) = (/ ctxcp, -ct*sp, st /)
LAL(2,1:) = / sp, cp, 0._default /)
L%4L(3,1:) = gamma * (/ -stxcp, stxsp, ct /)

end if

end function LT_compose_r3_r2_b3

Different ordering:
L = Bs(87) Rs(¢) R2(0) (4.3)

(Lorentz: public functions)+=
public :: LT_compose_r2_r3_b3

(Lorentz: procedures)+=
elemental function LT_compose_r2_r3_b3 &
(ct, st, cp, sp, beta_gamma) result (L)

type(lorentz_transformation_t) :: L
real(default), intent(in) :: ct, st, cp, sp, beta_gamma
real(default) :: gamma

if (beta_gamma==0) then
L%L(0,0) =1

L4AL(1:,0) =0

L4ALC0,1:) =0

LAL(1,1:) = (/ ctxcp, -sp, st*cp /)

L%AL(2,1:) = (/ ct*sp, cp, st*sp /)

LAL(3,1:) = (/ -st , 0._default, ct /)
else

gamma = sqrt(1l + beta_gamma**2)

L%L(0,0) = gamma

L%L(1,0) 0

L%L(2,0) 0

L%L(3,0) = beta_gamma

L%L(0,1:) = beta_gamma * (/ -st , 0._default, ct /)

L¥L(1,1:) = (/ ct*cp, -sp, st*cp /)

L%AL(2,1:) = (/ ctx*sp, cp, st*sp /)

L%L(3,1:) = gamma * (/ -st , 0._default, ct /)
end if

end function LT_compose_r2_r3_b3

This function returns the previous Lorentz transformation applied to an arbi-
trary four-momentum and extracts the space part of the result:

7 = [Bs(B7) Ra(0) Rs(9) plspace part (4.4)

The second variant applies if there is no rotation

(Lorentz: public functions)+=
public :: axis_from_p_r3_r2_b3, axis_from_p_b3

(Lorentz: procedures)+=
elemental function axis_from_p_r3_r2_b3 &
(p, cp, sp, ct, st, beta_gamma) result (n)

type(vector3_t) :: n
type(vector4_t), intent(in) :: p
real(default), intent(in) :: cp, sp, ct, st, beta_gamma
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real(default) :: gamma, px, py
px = cp * pkp(1) - sp * php(2)
py = sp * php(1) + cp * php(2)
n¥%p(1) ct * px + st * p/p(3)
n’%p(2) = py
n%p(3) = -st * px + ct * p/kp(3)
if (beta_gamma/=0) then
gamma = sqrt(l + beta_gamma**2)
n%p(3) = n%p(3) * gamma + p%p(0) * beta_gamma
end if
end function axis_from_p_r3_r2_b3

elemental function axis_from_p_b3 (p, beta_gamma) result (n)

type(vector3_t) :: n

type(vector4_t), intent(in) :: p
real(default), intent(in) :: beta_gamma
real(default) :: gamma

n%p = php(1:3)
if (beta_gamma/=0) then
gamma = sqrt(l + beta_gamma**2)
n%p(3) = n%p(3) * gamma + plp(0) * beta_gamma
end if
end function axis_from_p_b3

4.2.14 Special functions

The standard phase space function:

(Lorentz: public functions)+=
public :: lambda

(Lorentz: procedures)+=
elemental function lambda (mlsq, m2sq, m3sq)
real(default) :: lambda
real(default), intent(in) :: mlsq, m2sq, m3sq
lambda = (mlsq - m2sq - m3sq)**2 - 4*xm2sq*m3sq
end function lambda

Return a pair of head-to-head colliding momenta, given the collider energy,
particle masses, and optionally the momentum of the c.m. system.
(Lorentz: public functions)+=

public :: colliding_momenta

(Lorentz: procedures)+=
function colliding momenta (sqrts, m, p_cm) result (p)

type(vector4_t), dimension(2) :: p

real(default), intent(in) :: sqrts

real(default), dimension(2), intent(in), optional :: m
real(default), intent(in), optional :: p_cm

real(default), dimension(2) :: dmsq

real (default) :: ch, sh

real(default), dimension(2) :: EO, pO

integer, dimension(2), parameter :: sgn = (/1, -1/)
if (sqrts == 0) then
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call msg_fatal (" Colliding beams: sqrts is zero (please set sqrts)")
p = vector4_null; return
else if (sqrts <= 0) then
call msg_fatal (" Colliding beams: sqrts is negative")
p = vector4_null; return
end if
if (present (m)) then
dmsq = sgn * (m(1)**2-m(2)*%2)
EO = (sqrts + dmsq/sqrts) / 2
if (any (EO < m)) then
call msg_fatal &
(" Colliding beams: beam energy is less than particle mass")
p = vector4_null; return

end if
pO = sgn * sqrt (EO0**2 - mx*2)
else

EO = sqrts / 2
pO0 = sgn * EO
end if
if (present (p_cm)) then
sh = p_cm / sqrts
ch = sqrt (1 + sh*x2)
p = vector4_moving (EO * ch + p0 * sh, EO * sh + p0 * ch, 3)
else
p = vector4_moving (EO, pO, 3)
end if
end function colliding_momenta
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4.3 Special Physics functions

Define special kinematical functions like running as and e.g. Catani-Seymour
dipole terms.
To make maximum use of this, all functions, if possible, are declared ele-
mental (or pure, if this is not possible).
(sm_physics.£90)=
(File header)

module sm_physics

(Use kinds)
use constants !NODEP!
(Use file utils)
use diagnostics !NODEP!
use lorentz !NODEP!

(Standard module head)

(SM physics: public parameters)
(SM physics: public functions)
contains

(SM physics: subroutines)
end module sm_physics
First we set a reference value for a,(Mz) = 0.1178.

(SM physics: public parameters)=
real (kind=default), public, parameter :: as_mz = 0.1178_default, &
mass_z = 91.188_default

Then we define the coefficients of the beta function of QCD (as a reference
cf. the Particle Data Group), where ny is the number of active flavors in two
different schemes:

Bo= 11— %nf (4.5)
pr = 51— ?nf (4.6)
By = 2857 — %nf + %n? (4.7)
by = % (11C4 — 2ny) (4.8)
by = ﬁ (17C% — 5Cany — 3Crny) (4.9)
by = (4;)3 (2§Z7 f, — 1;115 * C’fmf — 210—850,40an + C%nf + ;—ZC’Anf * %2 + 19—10an * *2)

(4.10)

(SM physics: public functions)=
public :: betaO, betal, beta2, coeff_bO, coeff_bl, coeff_b2
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(SM physics: subroutines)=
pure function betal (nf)
real (kind=default), intent(in) :: nf
real (kind=default) :: betal
beta0 = 11.0_default - two/three * nf
end function betal

pure function betal (nf)

real (kind=default), intent(in) :: nf

real (kind=default) :: betal

betal = 51.0_default - 19.0_default/three * nf
end function betal

pure function beta2 (nf)
real (kind=default), intent(in) :: nf
real (kind=default) :: beta2
beta2 = 2857.0_default - 5033.0_default / 9.0_default * &
nf + 325.0_default/27.0_default * nf**2
end function beta2

pure function coeff_ b0 (uf)

real (kind=default), intent(in) :: nf

real (kind=default) :: coeff_b0

coeff_b0 = (11.0_default * CA - two * nf) / (12.0_default * pi)
end function coeff_b0

pure function coeff_bl (uf)
real (kind=default), intent(in) :: nf
real (kind=default) :: coeff_bil
coeff_bl = (17.0_default * CAx*x2 - five * CA * nf - three * CF * nf) / &
(24.0_default * pix*2)
end function coeff_bil

pure function coeff_b2 (nf)
real (kind=default), intent(in) :: nf
real (kind=default) :: coeff_b2
coeff_b2 = (2857.0_default/54.0_default * CA*x3 - &
1415.0_default/54.0_default * &
CA*x2 * nf - 205.0_default/18.0_default * CA*CF*nf &
+ 79.0_default/54.0_default * CA*nf**2 + &
11.0_default/9.0_default * CF * nf*x2) / (four*pi)**3
end function coeff_b2

There should be two versions of running a, one which takes the scale and Aqcp
as imput, and one which takes the scale and e.g. as(myz) as input. Here, we
take the one which takes the QCD scale and scale as inputs from the PDG book.
(SM physics: public functions)+=

public :: running_as, running_as_lam
(SM physics: subroutines)+=

pure function running as (scale,al_mz,mz,order,nf) result (ascale)

real (kind=default), intent(in) :: scale
real (kind=default), intent(in), optional :: al_mz, nf, mz
integer, intent(in), optional :: order
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integer :: ord

real (kind=default) :: az, m_z, as_log, n_f, b0, bl, b2, ascale
real (kind=default) :: as0O, asl

if (present(mz)) then

m_z = mz
else

m_z = mass_z
end if

if (present(order)) then
ord = order
else
ord = 0
end if
if (present(al_mz)) then
az = al_mz
else
az = as_mz
end if
if (present(nf)) then
n_f = nf
else
n_f =5
end if
b0 = coeff_b0 (n_f)
bl = coeff_bl (n_f)
b2 coeff_b2 (n_f)
as_log = one + b0 * az * log(scale*x*2/m_zx*2)
as0 = az / as_log
asl = asO - asO**2 * bl/b0 * log(as_log)
select case (ord)

case (0)
ascale = asO
case (1)
ascale = asl
case (2)

ascale = asl + asO**3 * (b1**2/b0**2 * ((log(as_log))**2 - &
log(as_log) + as_log - one) - b2/b0 * (as_log - one))
end select
end function running_as

pure function running_as_lam (nf,scale,lambda_qgcd,order) result (ascale)

real (kind=default), intent(in) :: nf, scale, lambda_qgcd
integer, intent(in), optional :: order

real (kind=default) :: asO, asl, logmul, bO, bl, b2, ascale
integer :: ord

if (present(order)) then
ord = order
else
ord = 0
end if
b0 = betal(nf)
bl betal (nf)
b2 = beta2(nf)
logmul = log(scalex**2/lambda_qcd**2)
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as0 = four*pi / b0 / logmul
asl = as0 * (one - twox bl / bO**2 * log(logmul) / logmul)
select case (ord)

case (0)
ascale = asO
case (1)
ascale = asl
case (2)
ascale = asl + asO * four * bl*x2/bO**4/logmul**2 * &

( (log(logmul) - 0.5_default)**2 + &

b2xb0/8.0_default/bl**2 - five/four)
end select

end function running_as_lam

These are fundamental constants of the Catani-Seymour dipole formalism. Since
the corresponding parameters for the gluon case depend on the number of flavors
which is treated as an argument, there we do have functions and not parameters.

3 11 2
V=% =50 7= 5 Ca— 3TNy (4.11)

7 72 67 w2 10
Ky=K;=(=——)C Ky=(-—=——)Cs——TgN 4.12
a q(z 6>F 9(18 6)A9Rf()

(SM physics: public parameters)+=
real (kind=default), parameter, public :: gamma_q = three/two * CF, &
k_q = (7.0_default/two - pi**2/6.0_default) * CF

(SM physics: public functions)+=
public :: gamma_g, k_g
(SM physics: subroutines)+=
elemental function gamma_g (nf) result (gg)
real (kind=default), intent(in) :: nf
real (kind=default) :: gg
gg = 11.0_default/6.0_default * CA - two/three * TR * nf
end function gamma_g

elemental function k_g (nf) result (kg)
real (kind=default), intent(in) :: nf
real (kind=default) :: kg
kg = (67.0_default/18.0_default - pi**2/6.0_default) * CA - &
10.0_default/9.0_default * TR * nf
end function k_g

The dilogarithm. This simplified version is bound to double precision, and
restricted to argument values less or equal to unity, so we do not need complex
algebra. The wrapper converts it to default precision (which is, of course, a
no-op if double=default).

The routine calculates the dilogarithm through mapping on the area where
there is a quickly convergent series (adapted from an F77 routine by Hans
Kuijf, 1988): Map z such that x is not in the neighbourhood of 1. Note that

|z] = —In(1—=z) is always smaller than 1.10, but 1'118!19 Bernoullijg = 2.7 x 10712,

(SM physics: public functions)+=
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public :: Li2

(SM physics: subroutines)+=
function Li2 (x)
use kinds, only: double !NODEP!
real (default), intent(in) :: x
real(default) :: Li2
Li2 = real( Li2_double (real(x, kind=double)), kind=default)
end function Li2

(SM physics: subroutines)+=
function Li2_double (x) result (Li2)
use kinds, only: double !NODEP!
real (kind=double), intent(in) :: x
real (kind=double) :: Li2
real (kind=double), parameter :: pi2_6 = pix*2/6
if (abs(1-x) < 1.E-13_double) then
Li2 = pi2_6
else if (abs(l-x) < 0.5_double) then
Li2 = pi2_6 - log(1l-x) * log(x) - Li2_restricted (1-x)
else if (abs(x).gt.1.d0) then
call msg_bug (" Dilogarithm called outside of defined range.")
! Li2 = -pi2_6 - 0.5_default * log(-x) * log(-x) - Li2_restricted (1/x)

else
Li2 = Li2_restricted (x)
end if
contains
function Li2_restricted (x) result (Li2)
real (kind=double), intent(in) :: x

real (kind=double) :: Li2
real (kind=double) :: tmp, z, z2
z = - log (1-x)
z2 = z¥%*2
! Horner’s rule for the powers z"3 through z"19
tmp = 43867._double/798. _double

tmp = tmp * z2 /342._double - 3617._double/510._double
tmp = tmp * z2 /272._double + 7._double/6._double
tmp = tmp * z2 /210._double - 691._double/2730._double
tmp = tmp * z2 /156._double + 5._double/66._double
tmp = tmp * z2 /110._double - 1._double/30._double
tmp = tmp * z2 / 72._double + 1._double/42._double
tmp = tmp * z2 / 42._double - 1._double/30._double
tmp = tmp * z2 / 20._double + 1._double/6._double

! The first three terms of the power series
Li2 = z2 *x z * tmp / 6._double - 0.25_double * z2 + z
end function Li2_restricted
end function Li2_double

(SM physics: public functions)+=
public :: faux
(SM physics: subroutines)+=
elemental function faux (x) result (y)
real (default), intent(in) :: x
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complex(default) :: y
if (1 <= x) then

y = asin(sqrt(1/x))**2
else

y = - 1/4.0_default * (log((1 + sqrt(1 - x))/ &

(1 - sqrt(1 - x))) - cmplx (0.0_default, pi, kind=default))**2
end if
end function faux

(SM physics: public functions)+=
public :: fonehalf

(SM physics: subroutines)+=
elemental function fonehalf (x) result (y)
real (default), intent(in) :: x
complex(default) :: y
if (x==0) then
y=0
else
y = - 2.0_default * x * (1 + (1 - x) * faux(x))
end if
end function fonehalf

(SM physics: public functions)+=
public :: fonehalf_pseudo

(SM physics: subroutines)+=
function fonehalf_pseudo (x) result (y)
real (default), intent(in) :: x
complex(default) :: y
if (x==0) then
y=20
else
y = - 2.0_default * x * faux(x)
end if
end function fonehalf_pseudo

(SM physics: public functions)+=
public :: fone

(SM physics: subroutines)+=
elemental function fone (x) result (y)
real(default), intent(in) :: x
complex(default) :: y
if (x==0) then
y = 2.0_default
else
y = 2.0_default + 3.0_default * x + &
3.0_default * x * (2.0_default - x) * &
faux(x)
end if
end function fone
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(SM physics: public functions)+=
public :: gaux

(SM physics: subroutines)+=
elemental function gaux (x) result (y)
real (default), intent(in) :: x
complex(default) :: y
if (1 <= x) then
y = sqrt(x - 1) * asin(sqrt(1/x))
else
y = sqrt(l - x) * (log((1 + sqrt(1 - x)) / &
(1 - sqrt(1 - x))) - cmplx (0.0_default, pi, kind=default)) / 2
end if
end function gaux

(SM physics: public functions)+=
public :: tri_i1l

(SM physics: subroutines)+=
elemental function tri_il (a,b) result (y)
real(default), intent(in) :: a,b
complex(default) :: y
if (a < epsilon(a) .or. b < epsilon (b)) then
y=0
else
y = a*b/2.0_default/(a-b) + ax*2 * b*x2/2.0_default/(a-b)**2 * &
(faux(a) - faux(b)) + &
a**2 * b/(a-b)**2 * (gaux(a) - gaux(b))
end if
end function tri_il

(SM physics: public functions)+=
public :: tri_i2

(SM physics: subroutines)+=
elemental function tri_i2 (a,b) result (y)
real (default), intent(in) :: a,b
complex(default) :: y
if (a < epsilon (a) .or. b < epsilon(b)) then
y=0
else
y =-a*b / 2.0_default / (a-b) * (faux(a) - faux(b))
end if
end function tri_i2

These functions are for the running of the strong coupling constants, a.

(SM physics: public functions)+=
public :: run_bO

(SM physics: subroutines)+=
elemental function run_b0 (nf) result (bnull)
integer, intent(in) :: nf
real(default) :: bnull
bnull = 33.0_default - 2.0_default * nf
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end function run_bO

(SM physics: public functions)+=
public :: run_bil

(SM physics: subroutines)+=
elemental function run_bl (nf) result (bone)
integer, intent(in) :: nf
real(default) :: bone
bone = 6.0_default * (153.0_default - 19.0_default * nf)/run_bO(nf)**2
end function run_bl

(SM physics: public functions)+=
public :: run_aa

(SM physics: subroutines)+=
elemental function run_aa (nf) result (aaa)
integer, intent(in) :: nf
real(default) :: aaa
aaa = 12.0_default * PI / run_bO(nf)
end function run_aa

(SM physics: pubic functions)=
public :: run_bb

(SM physics: subroutines)+=
elemental function run_bb (nf) result (bbb)
integer, intent(in) :: nf
real(default) :: bbb
bbb = run_bi(nf) / run_aa(nf)
end function run_bb

4.3.1 Functions for Catani-Seymour dipoles

For the automated Catani-Seymour dipole subtraction, we need the following
functions.

(SM physics: public functions)+=
public :: ff_dipole

(SM physics: subroutines)+=
pure subroutine ff_dipole (v_ijk,y_ijk,p_ij,pp_k,p_i,p_j,p_k)

type(vector4_t), intent(in) :: p_i, p_j, p_k
type(vector4_t), intent(out) :: p_ij, pp_k
real (kind=default), intent(out) :: y_ijk
real (kind=default) :: z_i
real (kind=default), intent(out) :: v_ijk
z_i = (p_ixp_k) / ((p_k*p_j) + (p_k*p_i))
y_ijk = (p_i*p_j) / ((p_i*p_j) + (p_i*p_k) + (p_j*p_k))
p_ij =p_i + p_j - y_ijk/(1.0_default - y_ijk) * p_k
pp_k (1.0/(1.0_default - y_ijk)) * p_k
'l We don’t multiply by alpha_s right here:
v_ijk = 8.0_default * PI * CF * &
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(2.0 / (1.0 - z_ix(1.0 - y_ijk)) - (1.0 + z_i))
end subroutine ff_dipole

(SM physics: public functions)+=
public :: fi_dipole

(SM physics: subroutines)+=
pure subroutine fi_dipole (v_ija,x_ija,p_ij,pp_-a,p_i,p_j,p_a)
type(vector4_t), intent(in) :: p_i, p_j, p_a
type(vector4_t), intent(out) :: p_ij, pp_a

real (kind=default), intent(out) :: x_ija
real (kind=default) :: z_i

real (kind=default), intent(out) :: v_ija
z_i = (p_i*p_a) / ((p_axp_j) + (p_a*p_i))

x_ija = ((p_i*p_a) + (p_j*p_a) - (p_i*p_j)) &
/ ((p_i*p_a) + (p_j*p_a))
p-ij = p_i + p_j - (1.0_default - x_ija) * p_a
pp_a = x_ija * p_a
11 We don’t not multiply by alpha_s right here:
v_ija = 8.0_default * PI * CF * &
(2.0/ (1.0 - z_i+ (1.0 - x_ija)) - (1.0 + z_i)) / x_ija
end subroutine fi_dipole

(SM physics: public functions)+=
public :: if_dipole

(SM physics: subroutines)+=
pure subroutine if_dipole (v_kja,u_j,p_aj,pp_k,p_k,p_j,p_-a)
type(vector4_t), intent(in) :: p_k, p_j, p_a
type(vector4_t), intent(out) :: p_aj, pp_k

real (kind=default), intent(out) :: u_j

real (kind=default) :: x_kja

real (kind=default), intent(out) :: v_kja
uj = (p_axp_j) / ((p_axp_j) + (p_a*p_k))

x_kja = ((p_a*p_k) + (p_a*p_j) - (p_j*p_k)) &
/ ((p_a*p_j) + (p_axp_k))
p-aj = x_kja *x p_a
pp-k = p_k + p_j - (1.0_default - x_kja) * p_a
v_kja = 8.0_default * PI * CF * &
(2.0 / (1.0 - x_kja + u_j) - (1.0 + x_kja)) / x_kja
end subroutine if_dipole

This function depends on a variable number of final state particles whose kine-
matics all get changed by the initial-initial dipole insertion.
(SM physics: public functions)+=
public :: ii_dipole
(SM physics: subroutines)+=
pure subroutine ii_dipole (v_jab,v_j,p_in,p_out,flag_lor2)

type(vector4_t), dimension(:), intent(in) :: p_in
type(vector4_t), dimension(size(p_in)-1), intent(out) :: p_out
logical, intent(in) :: flag_lor2

real (kind=default), intent(out) :: v_j

real (kind=default), intent(out) :: v_jab
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type(vector4_t) :: p_a, p_b, p_j
type(vector4_t) :: k, kk
type(vector4_t) :: p_aj
real (kind=default) :: x_jab
integer :: i
'l flag_lor2 decides whether this a 12 or 21 dipole
if (flag_lor2) then
p-a = p_in(1)

p_b = p_in(2)
else

p-b = p_in(1)

p-a = p_in(2)
end if

!l We assume that the unresolved particle has always the last
!'!1'! momentum
p-j = p_in(size(p_in))
x_jab = ((p_a*p_b) - (p_a*p_j) - (p_bxp_j)) / (p_a*p_b)
v_j = (p_a*p_j) / (p_a * p_b)
p_-aj = x_jab * p_a
k =pa+pb-pj
kk p-aj + p_b
do i = 3, size(p_in)-1
p_out(i) = p_in(i) - 2.0%((k+kk)*p_in(i))/((k+kk)*(k+kk)) * (k+kk) + &
(2.0 * (k*p_in(i)) / (k*k)) * kk

end do
if (flag_lor2) then
p_out(1) = p_aj

p_out(2) = p_b
else

p_out(1) = p_b

p_out(2) = p_aj
end if

v_jab = 8.0_default * PI * CF * &
(2.0 / (1.0 - x_jab) - (1.0 + x_jab)) / x_jab
end subroutine ii_dipole

4.3.2 Distributions for integrated dipoles and such

The Dirac delta distribution, modified for Monte-Carlo sampling:

(SM physics: public functions)+=
public :: delta

(SM physics: subroutines)+=
elemental function delta (x,eps) result (z)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: z
if (x > 1.0_default - eps) then
z = 1.0_default/eps
else
z =0
end if
end function delta
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The +-distribution, Py (x) = (ﬁ) , for the regularization of soft-collinear
")+

singularities. The constant part for the Monte-Carlo sampling is the integral
over the splitting function divided by the weight for the WHIZARD numerical
integration over the interval.
(SM physics: public functions)+=

public :: plus_distr

(SM physics: subroutines)+=
elemental function plus_distr (x,eps) result (plusd)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: plusd
if (x > (1.0_default - eps)) then
plusd = log(eps)/eps
else
plusd = one/(one-x)
end if
end function plus_distr

The splitting function in D = 4 dimensions, regularized as +-distributions if
necessary:

22

P9(z) = PU(z) = Cp- <11—’; . > (4.13)
+

P99(z) = PU(z) = Cp - H(lxi_x)z (4.14)

P9(z) = PY(z) = Tg- [z + (1 —2)?] (4.15)

1 2

>++1xxl+xﬂxﬁ+ﬂ1@<gfﬁ3 ﬂ%>
(4.16)

Since the number of flavors summed over in the gluon splitting function might
depend on the physics case under consideration it is implemented as an input
variable.
(SM physics: public functions)+=
public :: pqq
(SM physics: subroutines)+=
elemental function pqq (x,eps) result (pggx)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: pqgx
if (x > (1.0_default - eps)) then
paax = (eps-one)/two + twoxlog(eps)/eps - threex(eps-one)/eps/two
else
pagx = (one + x**2)/(one-x)
end if

pqax = CF * pqqx
end function pqq

(SM physics: public functions)+=
public :: pgq
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(SM physics: subroutines)+=
elemental function pgq (x) result (pggx)
real (kind=default), intent(in) :: x
real (kind=default) :: pggx
pgax = TR * (x**2 + (one - x)*x2)
end function pgq

(SM physics: public functions)+=
public :: pqgg
(SM physics: subroutines)+=
elemental function pqg (x) result (pqgx)
real (kind=default), intent(in) :: x
real (kind=default) :: pggx
pggx = CF * (one + (one - x)**2) / x
end function pqg

(SM physics: public functions)+=
public :: pgg
(SM physics: subroutines)+=
elemental function pgg (x, nf, eps) result (pggx)
real (kind=default), intent(in) :: x, nf, eps
real (kind=default) :: pggx
pggx = two * CA * ( plus_distr (x, eps) + (one-x)/x - one + &
x*(one-x)) + delta (x, eps) * gamma_g(nf)
end function pgg

For the gq and gg cases, there exist “regularized” versions of the splitting func-
tions:

P¥(r) = —-Cr-(1+2) (4.17)
P (x) = 2C4 1_7“”” —1+a2(1-2) (4.18)
(4.19)

(SM physics: public functions)+=
public :: pqq_reg

(SM physics: subroutines)+=
elemental function pqq_reg (x) result (pgqregx)
real (kind=default), intent(in) :: x
real (kind=default) :: pqqregx
pagregx = - CF * (one + x)
end function pqq_reg

(SM physics: public functions)+=
public :: pgg_reg
(SM physics: subroutines)+=
elemental function pgg_reg (x) result (pggregx)
real (kind=default), intent(in) :: x
real (kind=default) :: pggregx
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pggregx = two * CA * ((one - x)/x - one + x*(one - x))
end function pgg_reg

Here, we collect the expressions needed for integrated Catani-Seymour dipoles,
and the so-called flavor kernels. We always distinguish between the “ordinary”
Catani-Seymour version, and the one including a phase-space slicing parameter,
a.
—ab
The standard flavor kernels K are:

20)
21)

K¥%2)=KY @)= PY(z)log((1 —z)/z) + CF x © (

K (
K = CF[( 2 1og1‘“”) — (1+)log((1 - a)/a) + (1 xﬂ —(5— %) Cr-o(1—a)

! (

4
K" (z) = K" (x) = P9%x)log((1 — 2)/z) + TR x 22(1 — z) 4

11—z T
4.22)

) K 1 log 1 ; o:)+ n <1x$ —1+a(l- x)):j;l - aj)/x)] — delta(1 — z) {(f

(SM physics: public functions)+=
public :: kbarqg

(SM physics: subroutines)+=
function kbarqg (x) result (kbarqgx)
real (kind=default), intent(in) :: x
real (kind=default) :: kbarqgx
kbarqgx = pqg(x) * log((one-x)/x) + CF * x
end function kbarqg

(SM physics: public functions)+=
public :: kbargq

(SM physics: subroutines)+=
function kbargq (x) result (kbarggx)
real (kind=default), intent(in) :: x
real (kind=default) :: kbarggx
kbarggx = pgq(x) * log((one-x)/x) + two * TR * x * (one - x)
end function kbargq

(SM physics: public functions)+=
public :: kbarqq

(SM physics: subroutines)+=
function kbarqq (x,eps) result (kbarqgx)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: kbarqgx
kbarqqx = CF*(log_plus_distr(x,eps) - (one+x) * log((one-x)/x) + (one - &
x) - (five - pi**2) * delta(x,eps))
end function kbarqq

(SM physics: public functions)+=
public :: kbargg
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(SM physics: subroutines)+=
function kbargg (x,eps,nf) result (kbarggx)
real (kind=default), intent(in) :: x, eps, nf
real (kind=default) :: kbarggx
kbarggx = CA * (log_plus_distr(x,eps) + two * ((one-x)/x - one + &
x*(one-x) * log((1-x)/x))) - delta(x,eps) * &
((50.0_default/9.0_default - pi**2) *x CA - &
16.0_default/9.0_default * TR * nf)
end function kbargg

The K are used when two identified hadrons participate:

R“b(x):Plibg(a:)log(l—x)—i-é“bTi[(lzxlog(l—x)) _”;5(1_:5)} (4.24)

+

(SM physics: public functions)+=
public :: ktildeqq

(SM physics: subroutines)+=
function ktildeqq (x,eps) result (ktildeqqx)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: ktildeqgx
ktildeqqx = pqg_reg (x) * log(one-x) + CF * ( - log2_plus_distr (x,eps) &
- pi**2/three * delta(x,eps))
end function ktildeqq

(SM physics: public functions)+=
public :: ktildeqg

(SM physics: subroutines)+=
function ktildeqg (x,eps) result (ktildeqgx)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: ktildeqgx
ktildeqgx = pqg (x) * log(one-x)
end function ktildeqg

(SM physics: public functions)+=
public :: ktildegq

(SM physics: subroutines)+=
function ktildegq (x,eps) result (ktildegqx)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: ktildeggx
ktildeggx = pgq (x) * log(one-x)
end function ktildegq

(SM physics: public functions)+=
public :: ktildegg

(SM physics: subroutines)+=
function ktildegg (x,eps) result (ktildeggx)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: ktildeggx
ktildeggx = pgg_reg (x) * log(one-x) + CA x ( - &
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log2_plus_distr (x,eps) - pi**2/three * delta(x,eps))
end function ktildegg

The insertion operator might not be necessary for a GOLEM interface but is de-
manded by the Les Houches NLO accord. It is a three-dimensional array, where
the index always gives the inverse power of the DREG expansion parameter, .
(SM physics: public functions)+=

public :: insert_q

(SM physics: subroutines)+=
pure function insert_q ()
real (kind=default), dimension(0:2) :: insert_q
insert_q(0) = gamma_q + k_q - pi**2/three * CF
insert_q(1) gamma_q
insert_q(2) = CF
end function insert_q

(SM physics: public functions)+=
public :: insert_g

(SM physics: subroutines)+=

pure function insert_g (uf)
real (kind=default), intent(in) :: nf
real (kind=default), dimension(0:2) :: insert_g
insert_g(0) = gamma_g (nf) + k_g (nf) - pi**2/three * CA
insert_g(1) = gamma_g (nf)
insert_g(2) CA

end function insert_g

For better convergence, one can exclude regions of phase space with a slicing
parameter from the dipole subtraction procedure. First of all, the K functions
get modified:

Ki(a) = K; — T?log” a 4 vi(a — 1 — log a) (4.25)

(SM physics: public functions)+=
public :: k_q_al, k_g_al

(SM physics: subroutines)+=
pure function k_qg_al (alpha)
real (kind=default), intent(in) :: alpha
real (kind=default) :: k_g_al
k_g_al = k_q - CF * (log(alpha))**2 + gamma_q * &
(alpha - one - log(alpha))
end function k_q_al

pure function k_g_al (alpha, nf)
real (kind=default), intent(in) :: alpha, nf
real (kind=default) :: k_g_al
k_g_al = k_g (nf) - CA * (log(alpha))**2 + gamma_g (nf) * &
(alpha - one - log(alpha))
end function k_g_al
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The +-distribution, but with a phase-space slicing parameter, a, Pi_qipha(2) =

( L ) . Since we need the fatal error message here, this function cannot be
1—x

11—z
elemental.
(SM physics: public functions)+=
public :: plus_distr_al

(SM physics: subroutines)+=
function plus_distr_al (x,alpha,eps) result (plusd_al)

real (kind=default), intent(in) :: x, eps, alpha

real (kind=default) :: plusd_al

if ((1.0_default - alpha) .ge. (1.0_default - eps)) then
call msg_fatal (’sm_physics, plus_distr_al: alpha and epsilon chosen wrongly’)

elseif (x < (1.0_default - alpha)) then
plusd_al = 0

else if (x > (1.0_default - eps)) then
plusd_al = log(eps/alpha)/eps

else
plusd_al = one/(one-x)

end if

end function plus_distr_al

Introducing phase-space slicing parameters, these flavor kernels become: The
—ab
standard flavor kernels K are:

K (z) = Ff}i (z) = PY(z)log(a(l — z)/z) + CF x x (4.26)
K2 (z) =K (x) = P%(z)log(a(l — z)/a) + TR x 2z(1 — x) (4.27)
K% = Cp(1 — z) + PY(z) log @ + Crd(1 —2)log? a + O (1 2 log ! - x) _ (% _
(4.28) "

(SM physics: public functions)+=
public :: kbarqg_al

(SM physics: subroutines)+=
function kbarqg_al (x,alpha,eps) result (kbarqgx)
real (kind=default), intent(in) :: x, alpha, eps
real (kind=default) :: kbarqgx
kbarqgx = pgg (x) * log(alphax(one-x)/x) + CF * x
end function kbarqg_al

(SM physics: public functions)+=
public :: kbargq_al

(SM physics: subroutines)+=
function kbargq_al (x,alpha,eps) result (kbarggx)
real (kind=default), intent(in) :: x, alpha, eps
real (kind=default) :: kbarggx
kbarggx = pgq (x) * log(alpha*(one-x)/x) + two * TR * x * (one-x)
end function kbargqg_al

(SM physics: public functions)+=
public :: kbarqq_al
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(SM physics: subroutines)+=
function kbarqq_al (x,alpha,eps) result (kbarqgx)
real (kind=default), intent(in) :: x, alpha, eps
real (kind=default) :: kbarqgx
kbarqqx = CF * (one - x) + pqq_reg(x) * log(alpha*(one-x)/x) &
+ CF * log_plus_distr(x,eps) &
- (gamma_q + k_qg_al(alpha) - CF * &
five/6.0_default * pi**2 - CF * (log(alpha))#**2) * &
delta(x,eps) + &
CF * two/(one -x)*log(alpha*(two-x)/(one+alpha-x))
if (x < (one-alpha)) then
kbarqgx = kbarqqx - CF * two/(one-x) * log((two-x)/(one-x))
end if
end function kbarqq_al

(SM physics: public functions)+=
public :: kbargg_al

(SM physics: subroutines)+=
function kbargg_al (x,alpha,eps,nf) result (kbarggx)
real (kind=default), intent(in) :: x, alpha, eps, nf
real (kind=default) :: kbarggx
kbarggx = pgg_reg(x) * log(alpha*(one-x)/x) &
+ CA * log_plus_distr(x,eps) &

- (gamma_g(nf) + k_g_al(alpha,nf) - CA * &
five/6.0_default * pi**2 - CA * (log(alpha))**2) * &
delta(x,eps) + &

CA * two/(one -x)*log(alpha*(two-x)/(one+alpha-x))
if (x < (one-alpha)) then
kbarggx = kbarggx - CA * two/(one-x) * log((two-x)/(one-x))
end if
end function kbargg_al

The K flavor kernels in the presence of a phase-space slicing parameter, are:

- 1
E%(z,a) = P18 (z) log =% 4 ..o....... (4.29)
(0%

(SM physics: public functions)+=
public :: ktildeqq_al

(SM physics: subroutines)+=
function ktildeqq_al (x,alpha,eps) result (ktildeqgx)
real (kind=default), intent(in) :: x, eps, alpha
real (kind=default) :: ktildeqgx
ktildeqqx = pqq_reg(x) * log((one-x)/alpha) + CF*( &
- log2_plus_distr_al(x,alpha,eps) - Pi**2/three * delta(x,eps) &
+ (one+x#**2)/(one-x) * log(min(one, (alpha/(one-x)))) &
+ two/(one-x) * log((one+alpha-x)/alpha))
if (x > (one-alpha)) then
ktildeqgx = ktildeqgqx - CF*two/(one-x)*log(two-x)
end if
end function ktildeqq_al
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—x

This is a logarithmic +-distribution, (M) . For the sampling, we need
+

the integral over this function over the incomplete sampling interval [0,1 — €],
which is log®(z) + 2Lis(z) — %2 As this function is negative definite for e >
0.1816, we take a hard upper limit for that sampling parameter, irrespective of
the fact what the user chooses.
(SM physics: public functions)+=

public :: log_plus_distr

(SM physics: subroutines)+=
function log_plus_distr (x,eps) result (1pd)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: lpd, eps2
eps2 = min (eps, 0.1816_default)
if (x > (1.0_default - eps2)) then
lpd = ((log(eps2))**2 + twoxLi2(eps2) - pi**2/three)/eps2
else
1lpd = twoxlog((one-x)/x)/(one-x)
end if

end function log_plus_distr

1—x

Logarithmic +-distribution, 2 (w) .
+

(SM physics: public functions)+=
public :: log2_plus_distr

(SM physics: subroutines)+=
function log2_plus_distr (x,eps) result (1lpd)
real (kind=default), intent(in) :: x, eps
real (kind=default) :: lpd
if (x > (1.0_default - eps)) then

1lpd = - (log(eps))**2/eps
else

lpd = two*log(one/(one-x))/(one-x)
end if

end function log2_plus_distr

Logarithmic +-distribution with phase-space slicing parameter, 2 (M) .
-

l1-z

(SM physics: public functions)+=
public :: log2_plus_distr_al

(SM physics: subroutines)+=
function log2_plus_distr_al (x,alpha,eps) result (lpd_al)
real (kind=default), intent(in) :: x, eps, alpha
real (kind=default) :: lpd_al
if ((1.0_default - alpha) .ge. (1.0_default - eps)) then
call msg_fatal (’alpha and epsilon chosen wrongly’)
elseif (x < (one - alpha)) then

lpd_al = 0
elseif (x > (1.0_default - eps)) then

lpd_al = - ((log(eps))**2 - (log(alpha))**2)/eps
else

lpd_al = two*log(one/(one-x))/(one-x)
end if
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end function log2_plus_distr_al
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Chapter 5
Physics Analysis

This part contains the structures and tools that are necessary for defining pa-
rameters, particle sets, analysis objects such as histograms, and expressions that
deal with them.

These are the modules:

analysis Observables, histograms, and plots.
pdg_arrays Useful for particle aliases (e.g., 'quark’ for u,d, s etc.)
prt_lists Particle lists/arrays used for analyzing events.

variables Store values of various kind, used by expressions and accessed by the
command interface.

expressions Expressions of values of all kinds. Includes the API for recording
analysis data.
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5.1 Analysis tools

This module defines structures useful for data analysis. These include observ-
ables, histograms, and plots.

Observables are quantities that are calculated and summed up event by
event. At the end, one can compute the average and error.

Histograms have their bins in addition to the observable properties. His-
tograms are usually written out in tables and displayed graphically.

In plots, each record creates its own entry in a table. This can be used for
scatter plots if called event by event, or for plotting dependencies on parameters
if called once per integration run.

Graphs are container for histograms and plots, which carry their own graph-
ics options.

The type layout is still somewhat obfuscated. This would become much
simpler if type extension could be used.

(analysis.f90)=
(File header)

module analysis
(Use kinds)
(Use strings)
use limits, only: HISTOGRAM_HEAD_FORMAT, HISTOGRAM_DATA_FORMAT !NODEP!
use limits, only: HISTOGRAM_INTG_FORMAT !NODEP!
(Use file utils)
use diagnostics !NODEP!
use os_interface
use ifiles
(Standard module head)
(Analysis: public)
(Analysis: parameters)
(Analysis: types)
(Analysis: interfaces)
(Analysis: variables)
contains

(Analysis: procedures)

end module analysis

5.1.1 Output formats

These formats share a common field width (alignment).

(Limits: public parameters)+=
character(*), parameter, public :: HISTOGRAM_HEAD_FORMAT = "1x,A13,1x"
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character(*), parameter, public :: HISTOGRAM_INTG_FORMAT
character(*), parameter, public :: HISTOGRAM_DATA_FORMAT

"3x,I9,3x"
"1PG15.8"

5.1.2 Graph options

These parameters are used for displaying data. They apply to a whole graph,
which may contain more than one plot element.
The GAMELAN code chunks are part of both graph_options and drawing_options.
The drawing_options copy is used in histograms and plots, also as graph el-
ements. The graph_options copy is used for graph objects as a whole. Both
copies are usually identical.
(Analysis: public)=
public :: graph_options_t
(Analysis: types)=
type :: graph_options_t

private

type(string_t) :: id
type(string_t) :: title
type(string_t) :: description

type(string_t) :: x_label
type(string_t) :: y_label
integer :: width_mm = 130
integer :: height_mm = 90
logical :: x_log = .false.
logical :: y_log = .false.

real(default) :: x_min = 0
real(default) :: x_max = 1
real(default) :: y_min = 0O
real(default) :: y_max = 1
logical :: x_min_set = .false.
logical :: x_max_set = .false.
logical :: y_min_set = .false.
logical :: y_max_set = .false.

type(string_t) :: gmlcode_bg
type(string_t) :: gmlcode_fg
end type graph_options_t

Initialize the record, all strings are empty. The limits are undefined.
(Analysis: public)+=
public :: graph_options_init

(Analysis: procedures)=
subroutine graph_options_init (graph_options)
type (graph_options_t), intent(out) :: graph_options
graph_options¥%id = ""
graph_options/title = ""
graph_options/description = ""
graph_optionsy%x_label = ""
graph_options’y_label = ""
graph_optionsygmlcode_bg = ""
graph_optionsygmlcode_fg = ""
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end subroutine graph_options_init

Set individual options.
(Analysis: public)+=
public :: graph_options_set

(Analysis: procedures)+=
subroutine graph_options_set (graph_options, id, &
title, description, x_label, y_label, width_mm, height_mm, &
x_log, y_log, x_min, x_max, y_min, y_max, &
gmlcode_bg, gmlcode_fg)
type(graph_options_t), intent(inout) :: graph_options
type(string_t), intent(in), optional :: id
type(string_t), intent(in), optional :: title
type(string_t), intent(in), optional :: description
type(string_t), intent(in), optional :: x_label, y_label
integer, intent(in), optional :: width_mm, height_mm
logical, intent(in), optional :: x_log, y_log
real(default), intent(in), optional :: x_min, x_max, y_min, y_max
type(string_t), intent(in), optional :: gmlcode_bg, gmlcode_fg
if (present (id)) graph_options)id = id
if (present (title)) graph_optionsititle = title
if (present (description)) graph_optionsidescription = description
if (present (x_label)) graph_options’x_label = x_label
if (present (y_label)) graph_optionsjy_label = y_label
if (present (width_mm))  graph_options¥width_mm = width_mm
if (present (height_mm)) graph_optionsyheight_mm = height_mm
if (present (x_log)) graph_options¥%x_log = x_log
if (present (y_log)) graph_optionsiy_log = y_log
if (present (x_min)) graph_options¥%x_min = x_min
if (present (x_max)) graph_optionsx_max = x_max
if (present (y_min)) graph_options)y_min = y_min
if (present (y_max)) graph_optionsiy_max = y_max
if (present (x_min)) graph_options¥)x_min_set = .true.

if (present (x_max)) graph_options)x_max_set = .true.
if (present (y_min)) graph_optionsjy_min_set = .true.
if (present (y_max)) graph_optionsjy_max_set = .true.

if (present (gmlcode_bg)) graph_optionsigmlcode_bg = gmlcode_bg
if (present (gmlcode_fg)) graph_optionsigmlcode_fg = gmlcode_fg
end subroutine graph_options_set

Write a BTEX header/footer for the analysis file.

(Analysis: procedures)+=
subroutine graph_options_write_tex_header (gro, unit)

type(graph_options_t), intent(in) :: gro
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit)
if (grojktitle /= "") then
write (u, "(A)"™)
write (u, "(A)") "\section{" // char (groltitle) // "}"
else
write (u, "(A)") "\section{" // char (quote_underscore (gro%id)) // "}"
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end if
if (grojdescription /= "") then
write (u, "(A)") char (groY%description)
write (u, *)
write (u, "(A)") "\vspacex*{\baselineskip}"
end if
write (u, "(A)") "\vspacex{\baselineskip}"
write (u, "(A)") "\unitlength 1mm"
write (u, "(A,I0,’,’,I0,A)") &
"\begin{gmlgraph*}(", &
grojwidth_mm, gro%height_mm, &
") [dat]"
end subroutine graph_options_write_tex_header

subroutine graph_options_write_tex_footer (gro, unit)

type(graph_options_t), intent(in) :: gro
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit)
write (u, "(A)") "\end{gmlgraph*}"
end subroutine graph_options_write_tex_footer

Return the analysis object ID.

(Analysis: procedures)+=
function graph_options_get_id (gro) result (id)
type(string_t) :: id
type(graph_options_t), intent(in) :: gro
id = grolid
end function graph_options_get_id

Create an appropriate setup command (linear/log).

(Analysis: procedures)+=
function graph_options_get_gml_setup (gro) result (cmd)
type(string_t) :: cmd
type(graph_options_t), intent(in) :: gro
type(string_t) :: x_str, y_str
if (grokx_log) then
x_str = "log"
else
x_str = "linear"
end if
if (groky_log) then
y_str = "log"
else
y_str = "linear"
end if
cmd = "setup (" // x_stxr // ", " // y_stx // "™);"
end function graph_options_get_gml_setup

Return the labels in GAMELAN form.

(Analysis: procedures)+=
function graph_options_get_gml_x_label (gro) result (cmd)
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type(string_t) :: cmd

type(graph_options_t), intent(in) :: gro

cmd = ’label.bot (<’ // °<’ // grolx_label // >’ // ’>, out);’
end function graph_options_get_gml_x_label

function graph_options_get_gml_y_label (gro) result (cmd)
type(string_t) :: cmd
type(graph_options_t), intent(in) :: gro
cmd = ’label.ulft (<’ // ’<’ // groly_label // ’>’ // ’>, out);’
end function graph_options_get_gml_y_label

Create an appropriate graphrange statement for the given graph options. Where
the graph options are not set, use the supplied arguments, if any, otherwise set
the undefined value.

(Analysis: procedures)+=

function graph_options_get_gml_graphrange &
(gro, x_min, x_max, y_min, y_max) result (cmd)
type(string_t) :: cmd

type(graph_options_t), intent(in) :: gro
real(default), intent(in), optional :: x_min, x_max, y_min, y_max
type(string_t) 1! x_min_str, x_max_str, y_min_str, y_max_str
if (grolx_min_set) then
x_min_str = "#" // real2string (gro%x_min)
else if (present (x_min)) then
x_min_str = "#" // real2string (x_min)
else
X_min_str = "77"
end if
if (grolx_max_set) then
x_max_str = "#" // real2string (grolx_max)
else if (present (x_max)) then
x_max_str = "#" // real2string (x_max)
else
X_max_str = "77"
end if

if (groky_min_set) then

y_min_str = "#" // real2string (gro%y_min)
else if (present (y_min)) then

y_min_str = "#" // real2string (y_min)
else

y_min_str = "??"
end if
if (groly_max_set) then

y_max_str = "#" // real2string (gro’%y_max)
else if (present (y_max)) then

y_max_str = "#" // real2string (y_max)

else
y_max_str = "?7"
end if
cmd = "graphrange (" // x_min_str // ", " // y_min_str // "), " &
// "(" // x_max_str // ", " // y_max_str // ");"

end function graph_options_get_gml_graphrange
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Get extra GAMELAN code to be executed before and after the usual drawing
commands.

(Analysis: procedures)4+=
function graph_options_get_gml_bg_command (gro) result (cmd)
type(string_t) :: cmd
type(graph_options_t), intent(in) :: gro
cmd = grojgmlcode_bg
end function graph_options_get_gml_bg_command

function graph_options_get_gml_fg_command (gro) result (cmd)
type(string_t) :: cmd
type(graph_options_t), intent(in) :: gro
cmd = grojgmlcode_fg

end function graph_options_get_gml_fg_command

Append the header for generic data output in ifile format. We print only labels,
not graphics parameters.

(Analysis: procedures)+=
subroutine graph_options_get_header (pl, header, comment)
type(graph_options_t), intent(in) :: pl
type(ifile_t), intent(inout) :: header
type(string_t), intent(in), optional :: comment
type(string_t) :: c
if (present (comment)) then
c = comment
else
c = nn

end if
call ifile_append (header, &

c // "ID: " // plhid)
call ifile_append (header, &

c // "title: " // plititle)
call ifile_append (header, &

c // "description: " // plldescription)
call ifile_append (header, &

c // "x axis label: " // plikx_label)
call ifile_append (header, &

c // "y axis label: " // pliky_label)

end subroutine graph_options_get_header

5.1.3 Drawing options

These options apply to an individual graph element (histogram or plot).
(Analysis: public)+=

public :: drawing_options_t
(Analysis: types)+=

type :: drawing_options_t

type(string_t) :: dataset

logical :: with_hbars = .false.
logical :: with_base = .false.
logical :: piecewise = .false.
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logical :: fill = .false.
logical :: draw = .false.
logical :: err = .false.
logical :: symbols = .false.
type(string_t) :: fill_options
type(string_t) :: draw_options
type(string_t) :: err_options

type(string_t) :: symbol

type(string_t) :: gmlcode_bg

type(string_t) :: gmlcode_fg
end type drawing_options_t

Init with empty strings and default options, appropriate for either histogram or
plot.
(Analysis: public)+=

public :: drawing_options_init_histogram

public :: drawing_options_init_plot

(Analysis: procedures)+=

subroutine drawing_options_init_histogram (dro)
type(drawing_options_t), intent(out) :: dro
drojdataset = "dat"
droYwith_hbars = .true.
droYwith_base = .true.
drojpiecewise = .true.
droYfill = .true.
drojdraw = .true.
dro%fill_options = "withcolor col.default"
drojdraw_options = ""
dro’,err_options = ""
drojsymbol = "fshape(circle scaled 1mm) ()"
drojgmlcode_bg = ""
dro’,gmlcode_fg = ""

end subroutine drawing_options_init_histogram

subroutine drawing_options_init_plot (dro)

type(drawing_options_t), intent(out) :: dro
drojdataset = "dat"
drojdraw = .true.

dro%fill_options = "withcolor col.default"
drojdraw_options = ""
drol,err_options = ""
droj%symbol = "fshape(circle scaled 1mm) ()"
drojgmlcode_bg = ""
dro’,gmlcode_fg = ""

end subroutine drawing_options_init_plot

Set individual options.
(Analysis: public)+=
public :: drawing_options_set

(Analysis: procedures)+=
subroutine drawing_options_set (dro, dataset, &
with_hbars, with_base, piecewise, fill, draw, err, symbols, &

251



fill_options, draw_options, err_options, symbol, &

gmlcode_bg, gmlcode_fg)

type(drawing_options_t), intent(inout)
type(string_t), intent(in), optional ::

logical, intent(in), optional ::
logical, intent(in), optiomnal ::

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

with_hbars, with_base, piecewise

: dro
dataset

£ill, draw, err, symbols

fill_options, draw_options
err_options, symbol
gmlcode_bg, gmlcode_fg

if (present (dataset)) drojdataset = dataset

if (present (with_hbars))

dro%with_hbars

if (present (with_base)) dro%with_base =
if (present (piecewise)) droYpiecewise = piecewise
if (present (fill)) dro%fill =
if (present (draw)) droYdraw =

if (present (err)) droYerr

if (present (fill_options))
if (present (draw_options))
if (present (err_optioms))

if (present (symbol)) droYsymbol = symbol
drojgmlcode_bg
dro’.gmlcode_fg
end subroutine drawing_options_set

if (present (gmlcode_bg))
if (present (gmlcode_fg))

There are sepate commands for drawing the curve and for drawing errors. The
First of all, we may have to compute a

symbols are applied to the latter.
baseline:

(Analysis: procedures)+=

fill
draw

= err
if (present (symbols)) dro¥%symbols = symbols

dro%fill_options = fill_options
droYdraw_options = draw_options
dro’,err_options

with_hbars

with_base

= err_options

gmlcode_bg
gmlcode_fg

function drawing_options_get_calc_command (dro) result (cmd)

type(string_t) :: cmd

type(drawing_options_t), intent(in) :: dro

if (dro%with_base) then

cmd = "calculate " // droY%dataset // ".base (" // droYdataset // ")

// " (x, #0);"
else
cmd = ""
end if

end function drawing_options_get_calc_command

Return the drawing command.
(Analysis: procedures)+=

function drawing_options_get_draw_command (dro) result (cmd)

type(string_t) :: cmd

type(drawing_options_t), intent(in) :: dro
if (dro%fill) then
cmd = "fill"
else if (dro’draw) then
cmd = "draw"
else
cmd = ""
end if

if (dro%fill .or. droY%draw)

then
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if (drolpiecewise) cmd = cmd // " piecewise"
if (droY%draw .and. dro%with_base) cmd = cmd // " cyclic"
cmd = cmd // " from (" // droldataset
if (drolwith_base) then
if (dro%piecewise) then

cnd = cmd // ", " // droYdataset // ".base/\" ! "
else
cmd = cmd // " ~ " // droYdataset // ".base\" ! "
end if
end if

cmd = cmd // ")"
if (dro%fill) then

cmd = cmd // " " // dro)fill_options
if (dro¥%draw) cmd = cmd // " outlined"
end if
if (droldraw) cmd = cmd // " " // droldraw_options
cmd = cmd // ;"
end if

end function drawing_options_get_draw_command

The error command draws error bars, if any.
(Analysis: procedures)+=
function drawing_options_get_err_command (dro) result (cmd)
type(string_t) :: cmd

type(drawing_options_t), intent(in) :: dro
if (dro%err) then
cmd = "draw piecewise " &
// "“from (" // droldataset // ".err)" &
// " " // drolerr_options // ";"
else
cmd = ""
end if

end function drawing_options_get_err_command

The symbol command draws symbols, if any.

(Analysis: procedures)+=
function drawing_options_get_symb_command (dro) result (cmd)
type(string_t) :: cmd
type(drawing_options_t), intent(in) :: dro
if (drolsymbols) then
cmd = "phantom" &
// " from (" // droldataset // ")" &
// " withsymbol (" // dro%symbol // ");"
else
cmd = ""
end if
end function drawing_options_get_symb_command

Get extra GAMELAN code to be executed before and after the usual drawing
commands.

(Analysis: procedures)+=
function drawing_options_get_gml_bg_command (dro) result (cmd)
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type(string_t) :: cmd
type(drawing_options_t), intent(in) :: dro
cmd = drojgmlcode_bg

end function drawing_options_get_gml_bg_command

function drawing_options_get_gml_fg_command (dro) result (cmd)
type(string_t) :: cmd
type(drawing_options_t), intent(in) :: dro
cmd = drojgmlcode_fg

end function drawing_options_get_gml_fg_command

5.1.4 Observables

The observable type holds the accumulated observable values and weight sums
which are necessary for proper averaging.
(Analysis: types)+=

type :: observable_t

private

real(default) :: sum_values = 0
real(default) :: sum_squared_values = 0
real(default) :: sum_weights = 0
real(default) :: sum_squared_weights = 0
integer :: count = 0

type(string_t) :: obs_label
type(string_t) :: obs_unit

type (graph_options_t) :: graph_options
end type observable_t

Initialize with defined properties

(Analysis: procedures)+=
subroutine observable_init (obs, obs_label, obs_unit, graph_options)
type (observable_t), intent(out) :: obs
type(string_t), intent(in), optional :: obs_label, obs_unit
type(graph_options_t), intent(in), optional :: graph_options
if (present (obs_label)) then
obs%obs_label = obs_label
else
obsYobs_label = ""
end if
if (present (obs_unit)) then
obsobs_unit = obs_unit
else
obs’obs_unit = ""
end if
if (present (graph_options)) then
obs’graph_options = graph_options
else
call graph_options_init (obslgraph_options)
end if
end subroutine observable_init
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Reset all numeric entries.

(Analysis: procedures)+=

subroutine observable_clear (obs)
type(observable_t), intent(inout) :: obs
obs’sum_values = 0
obs’sum_squared_values = 0
obs’sum_weights = 0
obsY,sum_squared_weights = 0
obsY%count = 0

end subroutine observable_clear

Record a a value. Always successful for observables.
(Analysis: interfaces)=
interface observable_record_value
module procedure observable_record_value_unweighted

module procedure observable_record_value_weighted
end interface

(Analysis: procedures)+=
subroutine observable_record_value_unweighted (obs, value, success)

type (observable_t), intent(inout) :: obs
real (default), intent(in) :: value
logical, intent(out), optional :: success

obsYsum_values = obs)sum_values + value
obsY,sum_squared_values = obs)sum_squared_values + value*x*2
obsY,sum_weights = obs’sum_weights + 1
obs/sum_squared_weights = obs)sum_squared_weights + 1
obscount = obslcount + 1
if (present (success)) success = .true.

end subroutine observable_record_value_unweighted

subroutine observable_record_value_weighted (obs, value, weight, success)

type (observable_t), intent(inout) :: obs
real(default), intent(in) :: value, weight
logical, intent(out), optional :: success

obs/sum_values = obs’sum_values + value * weight
obsYsum_squared_values = obsjsum_squared_values + value**2 * weight
obs/sum_weights = obs),sum_weights + abs (weight)
obs/sum_squared_weights = obs)sum_squared_weights + weight**2
obscount = obslcount + 1
if (present (success)) success = .true.

end subroutine observable_record_value_weighted

Here are the statistics formulas:

1. Unweighted case: Given a sample of n values x;, the average is

(@)= 25

n
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and the error estimate

Az = \/ni (S (i ()2 (5.2)
L (T ) -

n—1 n  n?
2. Weighted case: Instead of weight 1, each event comes with weight w;.

(x) = ngw (5.4)

and

Ap — 1 (fo’wz’ (inwi)2> (55)

n—1 B

> Wi (2o wi)?
For w; = 1, this specializes to the previous formula.

(Analysis: procedures)+=
function observable_get_n_entries (obs) result (n)
integer :: n
type (observable_t), intent(in) :: obs
n = obs),count
end function observable_get_n_entries

function observable_get_average (obs) result (avg)
real(default) :: avg
type (observable_t), intent(in) :: obs
if (obs)sum_weights /= 0) then
avg = obs/sum_values / obs)sum_weights
else
avg = 0
end if
end function observable_get_average

function observable_get_error (obs) result (err)

real(default) :: err
type (observable_t), intent(in) :: obs
real (default) :: var, n

if (obs)sum_weights /= 0) then
select case (obs¥count)
case (0:1)
err = 0
case default
n = obscount
var = obs)sum_squared_values / obslsum_weights &
- (obsYsum_values / obssum_weights) ** 2
err = sqrt (max (var, 0._default) / (n - 1))
end select
else
err = 0
end if
end function observable_get_error
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Write label and/or physical unit to a string.

(Analysis: procedures)+=
function observable_get_label (obs, wl, wu) result (string)
type(string_t) :: string
type(observable_t), intent(in) :: obs
logical, intent(in) :: wl, wu
type(string_t) :: obs_label, obs_unit
if (wl) then
if (obs)obs_label /= "") then
obs_label = obs%obs_label
else
obs_label
end if
else
obs_label = ""
end if
if (wu) then
if (obs¥obs_unit /= "") then
if (wl) then
obs_unit = "\;[" // obslobs_unit // "]"
else
obs_unit = obsYobs_unit
end if
else

"\textrm{Observablel}"

obs_unit = ""
end if
else
obs_unit = ""
end if
string = obs_label // obs_unit
end function observable_get_label

5.1.5 Output

(Analysis: procedures)+=
subroutine observable_write (obs, unit)

type (observable_t), intent(in) :: obs
integer, intent(in), optional :: unit
real(default) :: avg, err, relerr
integer :: n

integer :: u

u = output_unit (unit); if (u < 0) return
avg = observable_get_average (obs)
err = observable_get_error (obs)
if (avg /= 0) then
relerr = err / avg
else
relerr = 0
end if
n = observable_get_n_entries (obs)
write (u, "(A,1x," // HISTOGRAM_DATA_FORMAT // ")") &
"average =", avg
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write (u, "(A,1x," //

"error [abs]

write (u, "(A,1x," //

"error [rel]

write (u, "(A,1x," //

"n_entries
end subroutine observable_write

ETEX output.

(Analysis: procedures)+=

=", err

=", relerr

=" n

HISTOGRAM_DATA_FORMAT // ")") &

HISTOGRAM_DATA_FORMAT // ")") &

HISTOGRAM_INTG_FORMAT // ")") &

subroutine observable_write_driver (obs, unit, write_heading)
type (observable_t), intent(in)
integer, intent(in), optional ::
logical, intent(in), optional ::

: obs
unit

write_heading

real(default) :: avg, err

integer :: n_digits

logical :: heading

integer :: u

u = output_unit (unit); if (u < 0) return
heading = .true.; if (present (write_heading))

avg = observable_get_average (obs)

err =

observable_get_error (obs)

if (avg /= 0 .and. err /= 0) then
n_digits = max (2, 2 - int (loglO (abs (err / real (avg, default)))))
else if (avg /= 0) then

n_digits = 100

else

n_digits =1

end if

if (heading) then
write (u, "(A)")
if (obs’graph_optionsytitle /= "") then

else

write (u, "(A)")
// n}u

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

"\section{Observable}"

if (obs)graph_optionsidescription /= "") then

end if
write
write
write
write
write
write
write
write
write
write

(u,
(u,
(u,
(u,
(u,
(u,
(u,
(u,
(u,
(u,

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

JOLN
SO
JOLN
JOLN
SO
JOLN
JOLN
JOL
JOD!
JOLN

advance="no")
advance="no")
advance="no")
advance="no")
advance="no")
advance="no")
advance="no")
advance="no")
||}v|

advance="no")
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char (obsYgraph_optionsydescription)

"\begin{flushleft}"

" $\langle{" ! $ sign

char (observable_get_label (obs, wl=

] }\rangle = n
char (tex_format (avg, n_digits))

n \pmn

char (tex_format (err, 2))

ll\;{ll

char (observable_get_label (obs, wl=

\quad[n_{\text{entries}} = "

heading = write_heading

"\section{" // char (obs’graph_optionsititle) &

.true., wu=.false.))

.false., wu=.true.))



write (u, "(I0)",advance="no") observable_get_n_entries (obs)
write (u, "(A)") "]$" ! $ fool Emacs’ noweb mode
if (heading) then
write (u, "(A)") "\end{flushleft}"
end if
end subroutine observable_write_driver

5.1.6 Histograms
Bins

(Analysis: types)+=
type :: bin_t
private
real(default) :: midpoint = 0
real(default) :: width = 0

real(default) :: sum_weights = 0
real(default) :: sum_squared_weights = 0
real(default) :: sum_excess_weights = 0
integer :: count = 0

end type bin_t

(Analysis: procedures)4+=
subroutine bin_init (bin, midpoint, width)
type(bin_t), intent(out) :: bin
real(default), intent(in) :: midpoint, width
bin/midpoint = midpoint
bin%width = width
end subroutine bin_init

(Analysis: procedures)4+=

elemental subroutine bin_clear (bin)
type(bin_t), intent(inout) :: bin
binYsum_weights = 0
bin%sum_squared_weights =0
binYsum_excess_weights = 0
binjcount = 0

end subroutine bin_clear

(Analysis: procedures)+=
subroutine bin_record_value (bin, normalize, weight, excess)
type(bin_t), intent(inout) :: bin
logical, intent(in) :: normalize
real(default), intent(in) :: weight
real(default), intent(in), optional :: excess
real (default) :: w, e
if (normalize) then
if (bin%width /= 0) then
w = weight / bin¥width
if (present (excess)) e = excess / binJwidth
else
w=20

259



if (present (excess)) e =0

end if
else

w = weight

if (present (excess)) e = excess
end if
binYsum_weights = bin¥sum_weights + abs (w)
bin)sum_squared_weights = binjsum_squared_weights + w **x 2
if (present (excess)) &

binYsum_excess_weights = bin)sum_excess_weights + abs (e)
binjcount = binjcount + 1
end subroutine bin_record_value

(Analysis: procedures)+=
function bin_get_midpoint (bin) result (x)
real(default) :: x
type(bin_t), intent(in) :: bin
X = bin)midpoint
end function bin_get_midpoint

function bin_get_width (bin) result (w)
real(default) :: w
type(bin_t), intent(in) :: bin
w = binjwidth

end function bin_get_width

function bin_get_n_entries (bin) result (n)
integer :: n
type(bin_t), intent(in) :: bin
n = binjcount

end function bin_get_n_entries

function bin_get_sum (bin) result (s)
real(default) :: s
type(bin_t), intent(in) :: bin
s = binj)sum_weights

end function bin_get_sum

function bin_get_error (bin) result (err)
real(default) :: err
type(bin_t), intent(in) :: bin
err = sqrt (bin)sum_squared_weights)
end function bin_get_error

function bin_get_excess (bin) result (excess)
real(default) :: excess
type(bin_t), intent(in) :: bin
excess = binjsum_excess_weights

end function bin_get_excess

(Analysis: procedures)+=
subroutine bin_write_header (unit)
integer, intent(in), optional :: unit
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character (120) :: buffer

integer :: u

u = output_unit (unit); if (u < 0) return

write (buffer, "(A,5(1x," // HISTOGRAM_HEAD_FORMAT // "))") &
"#", "bin midpoint", "value ", "error ", &
"n_entries ", "excess "

write (u, "(A)") trim (buffer)

end subroutine bin_write_header

subroutine bin_write (bin, unit)

type(bin_t), intent(in) :: bin
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
write (u, "(1x,3(1x," // HISTOGRAM_DATA_FORMAT // ")," &
// HISTOGRAM_INTG_FORMAT // "," &
// HISTOGRAM_DATA_FORMAT // ")") &
bin_get_midpoint (bin), &
bin_get_sum (bin), &
bin_get_error (bin), &
bin_get_n_entries (bin), &
bin_get_excess (bin)
end subroutine bin_write

Histograms

(Analysis: types)+=
type :: histogram_t

private

real(default) :: lower_bound = 0
real(default) :: upper_bound = 0
real(default) :: width = 0

integer :: n_bins =0

logical :: normalize_bins = .false.
type (observable_t) :: obs
type(observable_t) :: obs_within_bounds

type(bin_t) :: underflow

type(bin_t), dimension(:), allocatable :: bin

type(bin_t) :: overflow

type(graph_options_t) :: graph_options

type (drawing_options_t) :: drawing_options
end type histogram_t

Initializer /finalizer

Initialize a histogram. We may provide either the bin width or the number
of bins. A finalizer is not needed, since the histogram contains no pointer
(sub)components.
(Analysis: interfaces)+=
interface histogram_init
module procedure histogram_init_n_bins
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module procedure histogram_init_bin_width
end interface

(Analysis: procedures)4+=
subroutine histogram_init_n_bins (h, id, &

lower_bound, upper_bound, n_bins, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)

type(histogram_t), intent(out) :: h

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

real(default), intent(in) :: lower_bound, upper_bound

integer, intent(in) :: n_bins

logical, intent(in) :: normalize_bins

type(string_t), intent(in), optional :: obs_label, obs_unit

type(graph_options_t), intent(in), optional :: graph_options

type(drawing_options_t), intent(in), optional :: drawing_options
real(default) :: bin_width
integer :: i

call observable_init (hobs_within_bounds, obs_label, obs_unit)
call observable_init (h%obs, obs_label, obs_unit)
h%lower_bound = lower_bound
hupper_bound = upper_bound
h)n_bins = max (n_bins, 1)
h¥%width = h¥%upper_bound - h)lower_bound
hYnormalize_bins = normalize_bins
bin_width = h%width / h¥%n_bins
allocate (h%bin (h¥%n_bins))
call bin_init (hunderflow, hllower_bound, O._default)
do i = 1, h¥n_bins

call bin_init (h%bin(i), &

h%lower_bound - bin_width/2 + i * bin_width, bin_width)

end do
call bin_init (hjoverflow, hjupper_bound, 0._default)
if (present (graph_options)) then

hl,graph_options = graph_options
else

call graph_options_init (hlgraph_options)
end if
call graph_options_set (h)graph_options, id = id)
if (present (drawing_options)) then

h¥drawing_options = drawing_options
else

call drawing_options_init_histogram (h)drawing_options)
end if

end subroutine histogram_init_n_bins

subroutine histogram_init_bin_width (h, id, &
lower_bound, upper_bound, bin_width, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)
type(histogram_t), intent(out) :: h
type(string_t), intent(in) :: id
real(default), intent(in) :: lower_bound, upper_bound, bin_width
logical, intent(in) :: normalize_bins
type(string_t), intent(in), optional :: obs_label, obs_unit
type(graph_options_t), intent(in), optional :: graph_options
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type(drawing_options_t), intent(in), optional :: drawing_ options
integer :: n_bins
if (bin_width /= 0) then
n_bins = nint ((upper_bound - lower_bound) / bin_width)
else
n_bins = 1
end if
call histogram_init_n_bins (h, id, &
lower_bound, upper_bound, n_bins, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)
end subroutine histogram_init_bin_width

Initialize a histogram by copying another one.
Since h has no pointer (sub)components, intrinsic assignment is sufficient.
Optionally, we replace the drawing options.
(Analysis: procedures)+=
subroutine histogram_init_histogram (h, h_in, drawing_options)
type(histogram_t), intent(out) :: h

type(histogram_t), intent(in) :: h_in
type(drawing_options_t), intent(in), optional :: drawing_options
h = h_in

if (present (drawing_options)) then
hjdrawing_options = drawing_options
end if
end subroutine histogram_init_histogram

Fill histograms

Clear the histogram contents, but do not modify the structure.
(Analysis: procedures)+=
subroutine histogram_clear (h)
type(histogram_t), intent(inout) :: h
call observable_clear (h%obs)
call observable_clear (h%obs_within_bounds)
call bin_clear (h%underflow)
if (allocated (h%bin)) call bin_clear (h%bin)
call bin_clear (hjoverflow)
end subroutine histogram_clear

Record a value. Successful if the value is within bounds, otherwise it is recorded
as under-/overflow. Optionally, we may provide an excess weight that could be
returned by the unweighting procedure.
(Analysis: procedures)+=
subroutine histogram_record_value_unweighted (h, value, excess, success)

type(histogram_t), intent(inout) :: h

real (default), intent(in) :: value
real(default), intent(in), optional :: excess
logical, intent(out), optional :: success
integer :: i_bin

call observable_record_value (h%obs, value)
if (hY%width /= 0) then
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i_bin = floor (((value - hllower_bound) / h%width) * hin_bins) + 1
else

i_bin = 0
end if

if (i_bin <= 0) then
call bin_record_value (hY%underflow, .false., 1._default, excess)
if (present (success)) success = .false.
else if (i_bin <= h%n_bins) then
call observable_record_value (h%obs_within_bounds, value)
call bin_record_value &
(h%bin(i_bin), hY%normalize_bins, 1._default, excess)

if (present (success)) success = .true.

else
call bin_record_value (hloverflow, .false., 1._default, excess)
if (present (success)) success = .false.

end if

end subroutine histogram_record_value_unweighted

Weighted events: analogous, but no excess weight.

(Analysis: procedures)+=
subroutine histogram_record_value_weighted (h, value, weight, success)

type(histogram_t), intent(inout) :: h
real(default), intent(in) :: value, weight
logical, intent(out), optional :: success
integer :: i_bin

call observable_record_value (h%obs, value, weight)
if (h%width /= 0) then
i_bin = floor (((value - hllower_bound) / h’%width) * hin_bins) + 1
else
i_bin = 0
end if
if (i_bin <= 0) then
call bin_record_value (h/underflow, .false., weight)
if (present (success)) success = .false.
else if (i_bin <= h%n_bins) then
call observable_record_value (hj,obs_within_bounds, value, weight)
call bin_record_value (h%bin(i_bin), h)normalize_bins, weight)

if (present (success)) success = .true.

else
call bin_record_value (hjoverflow, .false., weight)
if (present (success)) success = .false.

end if

end subroutine histogram_record_value_weighted

Access contents

Inherited from the observable component (all-over average etc.)

(Analysis: procedures)+=
function histogram_get_n_entries (h) result (n)
integer :: n
type(histogram_t), intent(in) :: h
n = observable_get_n_entries (h%obs)
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end function histogram_get_n_entries

function histogram_get_average (h) result (avg)
real(default) :: avg
type(histogram_t), intent(in) :: h
avg = observable_get_average (hlobs)

end function histogram_get_average

function histogram_get_error (h) result (err)
real(default) :: err
type(histogram_t), intent(in) :: h
err = observable_get_error (hjobs)

end function histogram_get_error

Analogous, but applied only to events within bounds.

(Analysis: procedures)+=
function histogram_get_n_entries_within_bounds (h) result (n)
integer :: n
type(histogram_t), intent(in) :: h
n = observable_get_n_entries (h¥%obs_within_bounds)
end function histogram_get_n_entries_within_bounds

function histogram_get_average_within_bounds (h) result (avg)
real(default) :: avg
type(histogram_t), intent(in) :: h
avg = observable_get_average (h)obs_within_bounds)

end function histogram_get_average_within_bounds

function histogram_get_error_within_bounds (h) result (err)
real(default) :: err
type(histogram_t), intent(in) :: h
err = observable_get_error (hj,obs_within_bounds)

end function histogram_get_error_within_bounds

Get the number of bins

(Analysis: procedures)+=
function histogram_get_n_bins (h) result (n)
type(histogram_t), intent(in) :: h
integer :: n
n = h)n_bins
end function histogram_get_n_bins

Check bins. If the index is zero or above the limit, return the results for under-
flow or overflow, respectively.

(Analysis: procedures)+=
function histogram_get_n_entries_for_bin (h, i) result (n)

integer :: n
type(histogram_t), intent(in) :: h
integer, intent(in) :: i

if (i <= 0) then
n = bin_get_n_entries (hjunderflow)
else if (i <= hY%n_bins) then
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n = bin_get_n_entries (h¥%bin(i))
else

n = bin_get_n_entries (hjoverflow)
end if

end function histogram_get_n_entries_for_bin

function histogram_get_sum_for_bin (h, i) result (avg)
real(default) :: avg
type(histogram_t), intent(in) :: h
integer, intent(in) :: i
if (i <= 0) then
avg = bin_get_sum (h%underflow)
else if (i <= h¥n_bins) then
avg = bin_get_sum (hibin(i))
else
avg = bin_get_sum (hjoverflow)
end if
end function histogram_get_sum_for_bin

function histogram_get_error_for_bin (h, i) result (err)

real(default) :: err
type(histogram_t), intent(in) :: h
integer, intent(in) :: i

if (i <= 0) then
err = bin_get_error (h/underflow)
else if (i <= h%n_bins) then
err = bin_get_error (h)bin(i))
else
err = bin_get_error (hjoverflow)
end if
end function histogram_get_error_for_bin

function histogram_get_excess_for_bin (h, i) result (err)

real(default) :: err
type(histogram_t), intent(in) :: h
integer, intent(in) :: i

if (i <= 0) then
err = bin_get_excess (hjunderflow)
else if (i <= h%n_bins) then
err = bin_get_excess (h%bin(i))
else
err = bin_get_excess (hloverflow)
end if
end function histogram_get_excess_for_bin

Return a pointer to the graph options.

(Analysis: procedures)+=
function histogram_get_graph_options_ptr (h) result (ptr)
type(graph_options_t), pointer :: ptr
type(histogram_t), intent(in), target :: h
ptr => higraph_options
end function histogram_get_graph_options_ptr
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Return a pointer to the drawing options.

(Analysis: procedures)+=
function histogram_get_drawing_options_ptr (h) result (ptr)
type(drawing_options_t), pointer :: ptr
type(histogram_t), intent(in), target :: h
ptr => hidrawing_options
end function histogram_get_drawing_options_ptr

Output

(Analysis: procedures)+=
subroutine histogram_write (h, unit)

type(histogram_t), intent(in) :: h
integer, intent(in), optional :: unit
integer :: u, i

u = output_unit (unit); if (u < 0) return
call bin_write_header (u)
if (allocated (h%bin)) then
do i = 1, h¥%n_bins
call bin_write (h)bin(i), w)
end do
end if
write (u, *)
write (u, "(A,1x,A)") "#", "Underflow:"
call bin_write (h%underflow, u)
write (u, *)
write (u, "(A,1x,A)") "#", "Overflow:"
call bin_write (hloverflow, u)
write (u, *)
write (u, "(A,1x,A)") "#", "Summary: data within bounds"
call observable_write (h}obs_within_bounds, u)
write (u, *)
write (u, "(A,1x,A)") "#", "Summary: all data"
call observable_write (hl%obs, u)
write (u, *)
end subroutine histogram_write

Write the GAMELAN reader for histogram contents.

(Analysis: procedures)+=
subroutine histogram_write_gml_reader (h, filename, unit)

type(histogram_t), intent(in) :: h
type(string_t), intent(in) :: filename
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
write (u, "(2x,A)") ’fromfile "’ // char (filename) // ’":’
write (u, "(4x,A)") ‘’key "# Histogram:";’
write (u, "(4x,A)") ’dx :=# &
// real2char (hY%width / h¥%n_bins / 2) // ’;’
write (u, "(4x,A)") ’for i withinblock:’
write (u, "(6x,A)") ’get x, y, y.d, y.n, y.e;’
if (h¥%drawing_optionswith_hbars) then
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write (u, "(6x,A)") ’plot (° // char (hldrawing_options/dataset) &
// ?) (x,y) hbar dx;’
else
write (u, "(6x,A)") ’plot (° // char (hldrawing_optionsidataset) &
/7 ) x,ym;5°
end if
if (hl)drawing_optionsierr) then
write (u, "(6x,A)") ’plot (’ // char (hidrawing_optionsydataset) &
// ’.err) ’ &
// ’(x,y) vbar y.d;’
end if
! write (u, "(6x,A)") ’if show_excess: ’ // &
! & ’plot(dat.e) (x, y plus y.e) hbar dx; fi’
write (u, "(4x,A)") ‘’endfor’
write (u, "(2x,A)") ‘’endfrom’
end subroutine histogram_write_gml_reader

BTEX and GAMELAN output.

(Analysis: procedures)+=
subroutine histogram_write_gml_driver (h, filename, unit)

type(histogram_t), intent(in) :: h

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

integer, intent(in), optional :: unit

type(string_t) :: calc_cmd, bg_cmd, draw_cmd, err_cmd, symb_cmd, fg_cmd
integer :: u

u = output_unit (unit); if (u < 0) return

call graph_options_write_tex_header (hj,graph_options, unit)

write (u, "(2x,A)") char (graph_options_get_gml_setup (h¥%graph_options))

write (u, "(2x,A)") char (graph_options_get_gml_graphrange &

(h¥%graph_options, x_min=h)lower_bound, x_max=hjupper_bound))

call histogram_write_gml_reader (h, filename, unit)

calc_cmd = drawing_options_get_calc_command (hjdrawing_options)

if (calc_cmd /= "") write (u, "(2x,A)") char (calc_cmd)

bg_cmd = drawing_options_get_gml_bg_command (hjdrawing_options)

if (bg_cmd /= "") write (u, "(2x,A)") char (bg_cmd)

draw_cmd = drawing_options_get_draw_command (h)drawing_options)

if (draw_cmd /= "") write (u, "(2x,A)") char (draw_cmd)

err_cmd = drawing_options_get_err_command (hjdrawing_options)

if (err_cmd /= "") write (u, "(2x,A)") char (err_cmd)

symb_cmd = drawing_options_get_symb_command (hjdrawing_options)

if (symb_cmd /= "") write (u, "(2x,A)") char (symb_cmd)

fg_cmd = drawing_options_get_gml_fg_command (h)drawing_options)

if (fg_cmd /= "") write (u, "(2x,A)") char (fg_cmd)

write (u, "(2x,A)") char (graph_options_get_gml_x_label (h)graph_options))

write (u, "(2x,A)") char (graph_options_get_gml_y_label (h)graph_options))

call graph_options_write_tex_footer (hjgraph_options, unit)

write (u, "(A)") "\vspace*{2\baselineskip}"

write (u, "(A)") "\begin{flushleft}"

write (u, "(A)") "\textbf{Data within bounds:} \\"

call observable_write_driver (h%obs_within_bounds, unit, &
write_heading=.false.)

write (u, "(A)") "\\[0.5\baselineskip]"

write (u, "(A)") "\textbf{All data:} \\"

call observable_write_driver (hJobs, unit, write_heading=.false.)
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write (u, "(A)") "\end{flushleft}"
end subroutine histogram_write_gml_driver

Return the header for generic data output as an ifile.

(Analysis: procedures)+=
subroutine histogram_get_header (h, header, comment)

type(histogram_t), intent(in) :: h
type(ifile_t), intent(inout) :: header
type(string_t), intent(in), optional :: comment

type(string_t) :: c
if (present (comment)) then
c = comment
else
c = nn
end if
call ifile_append (header, c // "WHIZARD histogram data")
call graph_options_get_header (h)graph_options, header, comment)
call ifile_append (header, &
c // "range: " // real2string (h¥%lower_bound) &
// " - " // real2string (h¥%upper_bound))
call ifile_append (header, &
c // "counts total: " &
// int2char (histogram_get_n_entries_within_bounds (h)))
call ifile_append (header, &
c // "total average: " &
// real2string (histogram_get_average_within_bounds (h)) // " +- " &
// real2string (histogram_get_error_within_bounds (h)))
end subroutine histogram_get_header

5.1.7 Plots

Points

(Analysis: types)+=

type :: point_t
private
real(default) :: x = 0
real(default) :: y =0
real(default) :: yerr =
real(default) :: xerr =
type(point_t), pointer :: mext => null ()

end type point_t

0
0

(Analysis: interfaces)+=
interface point_init
module procedure point_init_contents
module procedure point_init_point
end interface

(Analysis: procedures)+=
subroutine point_init_contents (point, x, y, yerr, xerr)
type(point_t), intent(out) :: point
real(default), intent(in) :: x, y
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real(default), intent(in), optional :: yerr, xerr
point¥%x = x
pointiy =y
if (present (yerr)) pointiyerr = yerr
if (present (xerr)) pointixerr = xerr
end subroutine point_init_contents

subroutine point_init_point (point, point_in)
type(point_t), intent(out) :: point
type(point_t), intent(in) :: point_in
point%x = point_inyx
point’y = point_iniy
pointiyerr = point_injyerr
point¥xerr = point_injxerr

end subroutine point_init_point

(Analysis: procedures)+=
function point_get_x (point) result (x)
real(default) :: x
type(point_t), intent(in) :: point
X = point¥x
end function point_get_x

function point_get_y (point) result (y)
real(default) :: y
type(point_t), intent(in) :: point
y = pointiy

end function point_get_y

function point_get_xerr (point) result (xerr)
real(default) :: xerr
type(point_t), intent(in) :: point
xerr = pointixerr

end function point_get_xerr

function point_get_yerr (point) result (yerr)
real(default) :: yerr
type(point_t), intent(in) :: point
yerr = pointiyerr

end function point_get_yerr

(Analysis: procedures)+=
subroutine point_write_header (unit)

integer, intent(in) :: unit
character(120) :: buffer
integer :: u

u = output_unit (unit); if (u < 0) return
write (buffer, "(A,4(1x," // HISTOGRAM_HEAD_FORMAT // "))") &
ll#ll s "X " s ll-y n . llyerr n . llxerr n
write (u, "(A)") trim (buffer)
end subroutine point_write_header

subroutine point_write (point, unit)
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type(point_t), intent(in) :: point

integer, intent(in), optional :: unit

integer :: u

u = output_unit (unit); if (u < 0) return

write (u, "(1x,4(1x," // HISTOGRAM_DATA_FORMAT // ")),") &
point_get_x (point), &
point_get_y (point), &
point_get_yerr (point), &
point_get_xerr (point)

end subroutine point_write

Plots

(Analysis: types)+=
type :: plot_t
private
type(point_t), pointer :: first => null ()
type(point_t), pointer :: last => null ()

integer :: count = 0
type (graph_options_t) :: graph_options
type (drawing_options_t) :: drawing_options

end type plot_t

Initializer /finalizer

Initialize a plot. We provide the lower and upper bound in the = direction.
(Analysis: interfaces)+=
interface plot_init
module procedure plot_init_empty
module procedure plot_init_plot
end interface

(Analysis: procedures)+=
subroutine plot_init_empty (p, id, graph_options, drawing_options)
type(plot_t), intent(out) :: p

type(string_t), intent(in) :: id
type(graph_options_t), intent(in), optional :: graph_options
type(drawing_options_t), intent(in), optional :: drawing_options

if (present (graph_options)) then
p/graph_options = graph_options

else
call graph_options_init (plgraph_options)

end if

call graph_options_set (plgraph_options, id = id)

if (present (drawing_options)) then
p/drawing_options = drawing_options

else
call drawing_options_init_plot (pldrawing_options)

end if

end subroutine plot_init_empty

271



Initialize a plot by copying another one, optionally merging in a new set of
drawing options.
Since p has pointer (sub)components, we have to explicitly deep-copy the
original.
(Analysis: procedures)+=
subroutine plot_init_plot (p, p_in, drawing_options)
type(plot_t), intent(out) :: p

type(plot_t), intent(in) :: p_in
type(drawing_options_t), intent(in), optional :: drawing_options
type(point_t), pointer :: current, new

current => p_in)first
do while (associated (current))
allocate (new)
call point_init (mew, current)
if (associated (pklast)) then
pklastinext => new
else
phfirst => new
end if
pklast => new
current => currentinext
end do
phcount = p_injcount
p/graph_options = p_inj,graph_options
if (present (drawing_options)) then
phdrawing_options = drawing_options
else
pkdrawing_options = p_in)drawing_options
end if
end subroutine plot_init_plot

Finalize the plot by deallocating the list of points.

(Analysis: procedures)+=
subroutine plot_final (plot)
type(plot_t), intent(inout) :: plot
type(point_t), pointer :: current
do while (associated (plot¥first))
current => plot)first
plot%first => current’next
deallocate (current)
end do
plot¥%last => null ()
end subroutine plot_final

Fill plots

Clear the plot contents, but do not modify the structure.

(Analysis: procedures)+=
subroutine plot_clear (plot)
type(plot_t), intent(inout) :: plot
ploticount = 0
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call plot_final (plot)
end subroutine plot_clear

Record a value. Successful if the value is within bounds, otherwise it is recorded
as under-/overflow.
(Analysis: procedures)+=
subroutine plot_record_value (plot, x, y, yerr, xerr, success)
type(plot_t), intent(inout) :: plot

real(default), intent(in) :: x, y
real(default), intent(in), optional :: yerr, xerr
logical, intent(out), optional :: success

type(point_t), pointer :: point
plot/count = plotjcount + 1
allocate (point)
call point_init (point, x, y, yerr, xerr)
if (associated (ploti)first)) then
plot¥lastynext => point
else
plot/first => point
end if
plot¥%last => point
if (present (success)) success = .true.
end subroutine plot_record_value

Access contents

The number of points.

(Analysis: procedures)+=
function plot_get_n_entries (plot) result (n)
integer :: n
type(plot_t), intent(in) :: plot
n = ploticount
end function plot_get_n_entries

Return a pointer to the graph options.

(Analysis: procedures)4+=
function plot_get_graph_options_ptr (p) result (ptr)
type(graph_options_t), pointer :: ptr
type(plot_t), intent(in), target :: p
ptr => plgraph_options
end function plot_get_graph_options_ptr

Return a pointer to the drawing options.

(Analysis: procedures)+=
function plot_get_drawing_options_ptr (p) result (ptr)
type(drawing_options_t), pointer :: ptr
type(plot_t), intent(in), target :: p
ptr => pldrawing_options
end function plot_get_drawing_options_ptr
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Output

This output format is used by the GAMELAN driver below.

(Analysis: procedures)4+=
subroutine plot_write (plot, unit)
type(plot_t), intent(in) :: plot
integer, intent(in), optional :: unit
type(point_t), pointer :: point

integer ::

u

u = output_unit (unit); if (u < 0) return
call point_write_header (u)
point => ploti/first
do while (associated (point))
call point_write (point, unit)
point => pointnext

end do

write (u, *)

write (u, "(A,1x,A)") "#", "Summary:"

write (u, "(A," // HISTOGRAM_INTG_FORMAT // ")") &
"n_entries = ", plot_get_n_entries (plot)

write (u, *)
end subroutine plot_write

Write the GAMELAN reader for plot contents.

(Analysis: procedures)+=
subroutine plot_write_gml_reader (p, filename, unit)
type(plot_t), intent(in) :: p

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

integer, intent(in), optional :: unit

integer :: u

u = output_unit (unit); if (u < 0) return

write (u, "(2x,A)") ’fromfile "’ // char (filename) // ’":’

write (u, "(4x,A)") ‘’key "# Plot:";’

write (u, "(4x,A)") ’for i withinblock:’

write (u, "(6x,A)") ’get x, y, y.err, x.err;’

write (u, "(6x,A)") ’plot (° // char (pldrawing_optionsydataset) &

/7)) (x,y);°

if (pkdrawing_optionsierr) then

write (u, "(6x,A)")

// ?.err) (x,y) vbar y.err hbar x.err;’

end if
write (u,
write (u,

"(4x,A)") ‘’endfor’
"(2x,A)") “’endfrom’

end subroutine plot_write_gml_reader

TEX and GAMELAN output. Analogous to histogram output.
(Analysis: procedures)+=
subroutine plot_write_gml_driver (p, filename, unit)
type(plot_t), intent(in) :: p

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

integer, intent(in), optional :: unit

type(string_t) :: calc_cmd, bg_cmd, draw_cmd, err_cmd,
integer :: u
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u = output_unit (unit); if (u < 0) return
call graph_options_write_tex_header (plgraph_options, unit)
write (u, "(2x,A)") &

char (graph_options_get_gml_setup (p/graph_options))
write (u, "(2x,M)") &

char (graph_options_get_gml_graphrange (plgraph_options))
call plot_write_gml_reader (p, filename, unit)
calc_cmd = drawing_options_get_calc_command (pJdrawing_options)
if (calc_cmd /= "") write (u, "(2x,A)") char (calc_cmd)
bg_cmd = drawing_options_get_gml_bg_command (p%drawing_options)
if (bg_cmd /= "") write (u, "(2x,A)") char (bg_cmd)
draw_cmd = drawing_options_get_draw_command (pJdrawing_options)
if (draw_cmd /= "") write (u, "(2x,A)") char (draw_cmd)
err_cmd = drawing_options_get_err_command (pjdrawing_options)
if (err_cmd /= "") write (u, "(2x,A)") char (err_cmd)
symb_cmd = drawing_options_get_symb_command (pJdrawing_options)
if (symb_cmd /= "") write (u, "(2x,A)") char (symb_cmd)
fg_cmd = drawing_options_get_gml_fg_command (pldrawing_options)
if (fg_cmd /= "") write (u, "(2x,A)") char (fg_cmd)
write (u, "(2x,A)") char (graph_options_get_gml_x_label (pY%graph_options))
write (u, "(2x,A)") char (graph_options_get_gml_y_label (plgraph_options))
call graph_options_write_tex_footer (plgraph_options, unit)

end subroutine plot_write_gml_driver

Append header for generic data output in ifile format.

(Analysis: procedures)+=
subroutine plot_get_header (plot, header, comment)
type(plot_t), intent(in) :: plot
type(ifile_t), intent(inout) :: header
type(string_t), intent(in), optional :: comment
type(string_t) :: c
if (present (comment)) then
¢ = comment
else
c = nn
end if
call ifile_append (header, c // "WHIZARD plot data")
call graph_options_get_header (plotjgraph_options, header, comment)
call ifile_append (header, &
c // "number of points: " &
// int2char (plot_get_n_entries (plot)))
end subroutine plot_get_header

5.1.8 Graphs

A graph is a container for several graph elements. Each graph element is ei-
ther a plot or a histogram. There is an appropriate base type below (the
analysis_object_t), but to avoid recursion, we define a separate base type
here. Note that there is no actual recursion: a graph is an analysis object, but
a graph cannot contain graphs.

(If we could use type extension, the implementation would be much more
transparent. )
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Graph elements

Graph elements cannot be filled by the record command directly. The contents
are always copied from elementary histograms or plots.
(Analysis: types)+=
type :: graph_element_t
private
integer :: type = AN_UNDEFINED
type(histogram_t), pointer :: h => null ()
type(plot_t), pointer :: p => null ()
end type graph_element_t

(Analysis: procedures)+=
subroutine graph_element_final (el)
type(graph_element_t), intent(inout) :: el
select case (elltype)
case (AN_HISTOGRAM)
deallocate (el%h)
case (AN_PLOT)
call plot_final (el%p)
deallocate (el%p)
end select
elytype = AN_UNDEFINED
end subroutine graph_element_final

Return the number of entries in the graph element:

(Analysis: procedures)+=

function graph_element_get_n_entries (el) result (n)
integer :: n
type(graph_element_t), intent(in) :: el
select case (elltype)
case (AN_HISTOGRAM); n
case (AN_PLOT); n
case default; n
end select

end function graph_element_get_n_entries

histogram_get_n_entries (el%h)
plot_get_n_entries (el¥p)
0

Return a pointer to the graph / drawing options.
(Analysis: procedures)+=
function graph_element_get_graph_options_ptr (el) result (ptr)
type(graph_options_t), pointer :: ptr
type(graph_element_t), intent(in) :: el
select case (elltype)
case (AN_HISTOGRAM); ptr => histogram_get_graph_options_ptr (el%h)
case (AN_PLOT); ptr => plot_get_graph_options_ptr (ellp)
case default; ptr => null ()
end select
end function graph_element_get_graph_options_ptr

function graph_element_get_drawing_options_ptr (el) result (ptr)

type(drawing_options_t), pointer :: ptr
type(graph_element_t), intent(in) :: el
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select case (elltype)
case (AN_HISTOGRAM); ptr => histogram_get_drawing_options_ptr (el%h)
case (AN_PLOT); ptr => plot_get_drawing_options_ptr (ellp)
case default; ptr => null ()
end select
end function graph_element_get_drawing_options_ptr

Output, simple wrapper for the plot/histogram writer.

(Analysis: procedures)+=
subroutine graph_element_write (el, unit)
type(graph_element_t), intent(in) :: el
integer, intent(in), optional :: unit
type(graph_options_t), pointer :: gro
type(string_t) :: id
integer :: u
u = output_unit (unit); if (u < 0) return
gro => graph_element_get_graph_options_ptr (el)
id = graph_options_get_id (gro)
write (u, "(A,A)") °’#’, repeat ("-", 78)
select case (elltype)
case (AN_HISTOGRAM)
write (u, "(A)", advance="no") "# Histogram: "
write (u, "(1x,A)") char (id)
call histogram_write (el%h, unit)
case (AN_PLOT)
write (u, "(A)", advance="no") "# Plot: "
write (u, "(1x,A)") char (id)
call plot_write (ellp, unit)
end select
end subroutine graph_element_write

(Analysis: procedures)+=
subroutine graph_element_write_gml_reader (el, filename, unit)
type(graph_element_t), intent(in) :: el
type(string_t), intent(in) :: filename
integer, intent(in), optional :: unit
select case (elltype)

case (AN_HISTOGRAM); call histogram_write_gml_reader (el}h, filename, unit)

case (AN_PLOT); call plot_write_gml_reader (ellp, filename, unit)
end select
end subroutine graph_element_write_gml_reader

The graph type

The actual graph type contains its own graph_options, which override the
individual settings. The drawing_options are set in the graph elements. This
distinction motivates the separation of the two types.
(Analysis: types)+=
type :: graph_t
private
type(graph_element_t), dimension(:), allocatable :: el
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type(graph_options_t) :: graph_options
end type graph_t

Initializer /finalizer

The graph is created with a definite number of elements. The elements are filled
one by one, optionally with modified drawing options.

(Analysis: procedures)+=
subroutine graph_init (g, id, n_elements, graph_options)
type(graph_t), intent(out) :: g
type(string_t), intent(in) :: id
integer, intent(in) :: n_elements
type(graph_options_t), intent(in), optional :: graph_options
allocate (ghel (n_elements))
if (present (graph_options)) then
ghgraph_options = graph_options
else
call graph_options_init (glgraph_options)
end if
call graph_options_set (glgraph_options, id = id)
end subroutine graph_init

(Analysis: procedures)+=
subroutine graph_insert_histogram (g, i, h, drawing_options)
type(graph_t), intent(inout), target :: g

integer, intent(in) :: i
type(histogram_t), intent(in) :: h
type (drawing_options_t), intent(in), optional :: drawing_ options

type(graph_options_t), pointer :: gro

type(drawing_options_t), pointer :: dro

type(string_t) :: id

ghel(i)Yitype = AN_HISTOGRAM

allocate (ghel(i)%h)

call histogram_init_histogram (gkel(i)%h, h, drawing_options)

gro => histogram_get_graph_options_ptr (glel(i)%h)

dro => histogram_get_drawing_options_ptr (gkel(i)%h)

id = graph_options_get_id (gro)

call drawing_options_set (dro, dataset = "dat." // id)
end subroutine graph_insert_histogram

(Analysis: procedures)+=
subroutine graph_insert_plot (g, i, p, drawing_options)
type(graph_t), intent(inout) :: g

integer, intent(in) :: i
type(plot_t), intent(in) :: p
type(drawing_options_t), intent(in), optional :: drawing_ options

type(graph_options_t), pointer :: gro
type(drawing_options_t), pointer :: dro
type(string_t) :: id

ghel(i)/type = AN_PLOT

allocate (glel(di)%p)

call plot_init_plot (ghel(i)%p, p, drawing_options)
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gro => plot_get_graph_options_ptr (ghel(i)%p)

dro => plot_get_drawing_options_ptr (ghel(i)%p)

id = graph_options_get_id (gro)

call drawing_options_set (dro, dataset = "dat." // id)
end subroutine graph_insert_plot

Finalizer.

(Analysis: procedures)+=

subroutine graph_final (g)
type(graph_t), intent(inout) :: g
integer :: i
do i = 1, size (ghel)

call graph_element_final (glel(i))

end do
deallocate (ghel)

end subroutine graph_final

Access contents

The number of elements.

(Analysis: procedures)+=
function graph_get_n_elements (graph) result (n)
integer :: n
type(graph_t), intent(in) :: graph
n = size (graphjel)
end function graph_get_n_elements

Retrieve a pointer to the drawing options of an element, so they can be modi-
fied. (The target attribute is not actually needed because the components are
pointers.)

(Analysis: procedures)+=
function graph_get_drawing_options_ptr (g, i) result (ptr)
type(drawing_options_t), pointer :: ptr
type(graph_t), intent(in), target :: g
integer, intent(in) :: i
ptr => graph_element_get_drawing_options_ptr (glhel(i))
end function graph_get_drawing_options_ptr

Output

The default output format just writes histogram and plot data.

(Analysis: procedures)4+=

subroutine graph_write (graph, unit)
type(graph_t), intent(in) :: graph
integer, intent(in), optional :: unit
integer :: i
do i = 1, size (graphel)

call graph_element_write (graphel(i), unit)

end do
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end subroutine graph_write

The GAMELAN driver is not a simple wrapper, but it writes the plot/histogram
contents embedded the complete graph. First, data are read in, global back-
ground commands next, then individual elements, then global foreground com-
mands.

(Analysis: procedures)+=
subroutine graph_write_gml_driver (g, filename, unit)
type(graph_t), intent(in) :: g
type(string_t), intent(in) :: filename
type(string_t) :: calc_cmd, bg_cmd, draw_cmd, err_cmd, symb_cmd, fg_cmd
integer, intent(in), optional :: unit
type(drawing_options_t), pointer :: dro
integer :: u, i
u = output_unit (unit); if (u < 0) return
call graph_options_write_tex_header (glgraph_options, unit)
write (u, "(2x,A)") &
char (graph_options_get_gml_setup (glgraph_options))
write (u, "(2x,A)") &
char (graph_options_get_gml_graphrange (glgraph_options))
do i = 1, size (ghel)
call graph_element_write_gml_reader (glel(i), filename, unit)
calc_cmd = drawing_options_get_calc_command &
(graph_element_get_drawing_options_ptr (ghel(i)))
if (calc_cmd /= "") write (u, "(2x,A)") char (calc_cmd)
end do
bg_cmd = graph_options_get_gml_bg_command (g/graph_options)
if (bg_cmd /= "") write (u, "(2x,A)") char (bg_cmd)
do i = 1, size (glel)
dro => graph_element_get_drawing_options_ptr (ghel(i))
bg_cmd = drawing_options_get_gml_bg_command (dro)
if (bg_cmd /= "") write (u, "(2x,A)") char (bg_cmd)
draw_cmd = drawing_options_get_draw_command (dro)
if (draw_cmd /= "") write (u, "(2x,A)") char (draw_cmd)
err_cmd = drawing_options_get_err_command (dro)
if (err_cmd /= "") write (u, "(2x,A)") char (err_cmd)
symb_cmd = drawing_options_get_symb_command (dro)
if (symb_cmd /= "") write (u, "(2x,A)") char (symb_cmd)
fg_cmd = drawing_options_get_gml_fg_command (dro)
if (fg_cmd /= "") write (u, "(2x,A)") char (fg_cmd)
end do
fg_cmd = graph_options_get_gml_fg_command (glgraph_options)
if (fg_cmd /= "") write (u, "(2x,A)") char (fg_cmd)
write (u, "(2x,A)") char (graph_options_get_gml_x_label (glgraph_options))
write (u, "(2x,A)") char (graph_options_get_gml_y_label (glgraph_options))
call graph_options_write_tex_footer (glgraph_options, unit)
end subroutine graph_write_gml_driver

Append header for generic data output in ifile format.

(Analysis: procedures)4+=
subroutine graph_get_header (graph, header, comment)
type(graph_t), intent(in) :: graph
type(ifile_t), intent(inout) :: header
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type(string_t), intent(in), optional :: comment
type(string_t) :: ¢
if (present (comment)) then
¢ = comment
else
c = nn
end if
call ifile_append (header, c // "WHIZARD graph data")
call graph_options_get_header (graphjgraph_options, header, comment)
call ifile_append (header, &
¢ // "number of graph elements: " &
// int2char (graph_get_n_elements (graph)))
end subroutine graph_get_header

5.1.9 Analysis objects

This data structure holds all observables, histograms and such that are currently
active. We have one global store; individual items are identified by their ID
strings.

(This should rather be coded by type extension.)
(Analysis: parameters)=

integer, parameter :: AN_UNDEFINED = O

integer, parameter :: AN_OBSERVABLE = 1

integer, parameter :: AN_HISTOGRAM = 2

integer, parameter :: AN_PLOT = 3

integer, parameter :: AN_GRAPH = 4

(Analysis: public)+=
public :: AN_UNDEFINED, AN_HISTOGRAM, AN_OBSERVABLE, AN_PLOT, AN_GRAPH

(Analysis: types)+=

type :: analysis_object_t
private
type(string_t) :: id
integer :: type = AN_UNDEFINED
type (observable_t), pointer :: obs => null ()
type(histogram_t), pointer :: h => null ()
type(plot_t), pointer :: p => null ()
type(graph_t), pointer :: g => null ()
type(analysis_object_t), pointer :: mext => null ()

end type analysis_object_t

Initializer /finalizer

Allocate with the correct type but do not fill initial values.

(Analysis: procedures)+=
subroutine analysis_object_init (obj, id, type)

type(analysis_object_t), intent(out) :: obj
type(string_t), intent(in) :: id

integer, intent(in) :: type

obj%id = id
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objltype = type
select case (obj%type)
case (AN_OBSERVABLE); allocate (obj’obs)
case (AN_HISTOGRAM); allocate (obj%h)
case (AN_PLOT); allocate (obj%p)
case (AN_GRAPH); allocate (obj%g)
end select

end subroutine analysis_object_init

(Analysis: procedures)+=
subroutine analysis_object_final (obj)
type(analysis_object_t), intent(inout) :: obj
select case (objhtype)
case (AN_OBSERVABLE)
deallocate (obj’%obs)
case (AN_HISTOGRAM)
deallocate (obj%h)
case (AN_PLOT)
call plot_final (obj%p)
deallocate (obj%p)
case (AN_GRAPH)
call graph_final (obj%g)
deallocate (obj%g)
end select
obj%type = AN_UNDEFINED
end subroutine analysis_object_final

Clear the analysis object, i.e., reset it to its initial state. Not applicable to
graphs, which are always combinations of other existing objects.
(Analysis: procedures)+=
subroutine analysis_object_clear (obj)
type(analysis_object_t), intent(inout) :: obj
select case (obj%type)
case (AN_OBSERVABLE)
call observable_clear (obj’%obs)
case (AN_HISTOGRAM)
call histogram_clear (obj%h)
case (AN_PLOT)
call plot_clear (obji%p)
end select
end subroutine analysis_object_clear

Fill with data

Record data. The effect depends on the type of analysis object.
(Analysis: procedures)+=
subroutine analysis_object_record_data (obj, &
X, ¥, yerr, xerr, weight, excess, success)

type(analysis_object_t), intent(inout) :: obj
real (default), intent(in) :: x
real(default), intent(in), optional :: y, yerr, xerr, weight, excess
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logical, intent(out), optional :: success
select case (objhtype)
case (AN_OBSERVABLE)
if (present (weight)) then
call observable_record_value_weighted (obj%obs, x, weight, success)
else
call observable_record_value_unweighted (obj%obs, x, success)
end if
case (AN_HISTOGRAM)
if (present (weight)) then
call histogram_record_value_weighted (obj%h, x, weight, success)
else
call histogram_record_value_unweighted (obj%h, x, excess, success)
end if
case (AN_PLOT)
if (present (y)) then
call plot_record_value (obj%p, x, y, yerr, xerr, success)

else
if (present (success)) success = .false.
end if
case default
if (present (success)) success = .false.

end select
end subroutine analysis_object_record_data

Explicitly set the pointer to the next object in the list.

(Analysis: procedures)+=
subroutine analysis_object_set_next_ptr (obj, next)
type(analysis_object_t), intent(inout) :: obj
type(analysis_object_t), pointer :: next
obj/next => next
end subroutine analysis_object_set_next_ptr

Access contents

Return a pointer to the next object in the list.

(Analysis: procedures)+=
function analysis_object_get_next_ptr (obj) result (next)
type(analysis_object_t), pointer :: next
type(analysis_object_t), intent(in) :: obj
next => objl%next
end function analysis_object_get_next_ptr

Return data as appropriate for the object type.

(Analysis: procedures)+=
function analysis_object_get_n_elements (obj) result (n)
integer :: n
type(analysis_object_t), intent(in) :: obj
select case (obj%type)
case (AN_HISTOGRAM)
n=1
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case (AN_PLOT)
n=1
case (AN_GRAPH)
n = graph_get_n_elements (objkg)
case default
n=20
end select
end function analysis_object_get_n_elements

function analysis_object_get_n_entries (obj, within_bounds) result (n)

integer :: n
type(analysis_object_t), intent(in) :: obj
logical, intent(in), optional :: within_bounds

logical :: wb
select case (obj/type)
case (AN_OBSERVABLE)
n = observable_get_n_entries (objjobs)
case (AN_HISTOGRAM)
wb = .false.; if (present (within_bounds)) wb = within_bounds
if (wb) then
n = histogram_get_n_entries_within_bounds (obj%h)
else
n = histogram_get_n_entries (obj%h)
end if
case (AN_PLOT)
n = plot_get_n_entries (obj%p)
case default
n=20
end select
end function analysis_object_get_n_entries

function analysis_object_get_average (obj, within_bounds) result (avg)
real(default) :: avg
type(analysis_object_t), intent(in) :: obj
logical, intent(in), optional :: within_bounds
logical :: wb
select case (objl’type)
case (AN_OBSERVABLE)
avg = observable_get_average (objlobs)
case (AN_HISTOGRAM)
wb = .false.; if (present (within_bounds)) wb = within_bounds
if (wb) then
avg = histogram_get_average_within_bounds (obj%h)
else
avg = histogram_get_average (obj%h)
end if
case default
avg = 0
end select
end function analysis_object_get_average

function analysis_object_get_error (obj, within_bounds) result (err)

real(default) :: err
type(analysis_object_t), intent(in) :: obj
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logical, intent(in), optional :: within_bounds
logical :: wb
select case (obj%type)
case (AN_OBSERVABLE)
err = observable_get_error (objlobs)
case (AN_HISTOGRAM)
wb = .false.; if (present (within_bounds)) wb = within_bounds
if (wb) then
err = histogram_get_error_within_bounds (obj%h)
else
err = histogram_get_error (obj%h)
end if
case default
err = 0
end select
end function analysis_object_get_error

Return pointers to the actual contents:
(Analysis: procedures)+=
function analysis_object_get_observable_ptr (obj) result (obs)
type (observable_t), pointer :: obs
type(analysis_object_t), intent(in) :: obj
select case (obj%type)
case (AN_OBSERVABLE); obs => objjobs
case default; obs => null ()
end select
end function analysis_object_get_observable_ptr

function analysis_object_get_histogram_ptr (obj) result (h)
type(histogram_t), pointer :: h
type(analysis_object_t), intent(in) :: obj
select case (objl/type)
case (AN_HISTOGRAM); h => obj%h
case default; h => null O
end select
end function analysis_object_get_histogram_ptr

function analysis_object_get_plot_ptr (obj) result (plot)
type(plot_t), pointer :: plot
type(analysis_object_t), intent(in) :: obj
select case (obj/type)
case (AN_PLOT); plot => obji%p
case default; plot => null O
end select
end function analysis_object_get_plot_ptr

function analysis_object_get_graph_ptr (obj) result (g)
type(graph_t), pointer :: g
type(analysis_object_t), intent(in) :: obj
select case (obj’type)
case (AN_GRAPH); g => objig
case default; g => null ()
end select
end function analysis_object_get_graph_ptr
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Return true if the object has a graphical representation:

(Analysis: procedures)+=
function analysis_object_has_plot (obj) result (flag)
logical :: flag
type(analysis_object_t), intent(in) :: obj
select case (obj’type)
case (AN_HISTOGRAM); flag = .true.

case (AN_PLOT); flag = .true.
case (AN_GRAPH); flag = .true.
case default; flag = .false.

end select
end function analysis_object_has_plot

Output

(Analysis: procedures)4+=
subroutine analysis_object_write (obj, unit)

type(analysis_object_t), intent(in) :: obj
integer, intent(in), optional :: unit
integer :: u

u = output_unit (unit); if (u < 0) return
write (u, "(A)") repeat ("#", 79)
select case (obj%type)
case (AN_OBSERVABLE)
write (u, "(A)", advance="no") "# Observable:"
case (AN_HISTOGRAM)
write (u, "(A)", advance="no") "# Histogram: "
case (AN_PLOT)
write (u, "(A)", advance="no") "# Plot: "
case (AN_GRAPH)
write (u, "(A)", advance="no") "# Graph: "
case default
write (u, "(A)") "# [undefined analysis object]"
return
end select
write (u, "(1x,A)") char (obj%id)
select case (objhtype)
case (AN_OBSERVABLE); call observable_write (obj%obs, unit)
case (AN_HISTOGRAM); call histogram_write (objkh, unit)
case (AN_PLOT); call plot_write (obj%p, unit)
case (AN_GRAPH); call graph_write (obj’%g, unit)
end select
end subroutine analysis_object_write

Write the object part of the INTEX driver file.

(Analysis: procedures)+=
subroutine analysis_object_write_driver (obj, filename, unit)
type(analysis_object_t), intent(in) :: obj
type(string_t), intent(in) :: filename
integer, intent(in), optional :: unit
select case (objl’type)
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case (AN_OBSERVABLE)
call observable_write_driver (obj%obs, unit)
case (AN_HISTOGRAM)
call histogram_write_gml_driver (obj’%h, filename, unit)
case (AN_PLOT)
call plot_write_gml_driver (obj%p, filename, unit)
case (AN_GRAPH)
call graph_write_gml_driver (obj%g, filename, unit)
end select
end subroutine analysis_object_write_driver

Return a data header for external formats, in ifile form.

(Analysis: procedures)+=
subroutine analysis_object_get_header (obj, header, comment)

type(analysis_object_t), intent(in) :: obj
type(ifile_t), intent(inout) :: header
type(string_t), intent(in), optional :: comment

select case (obj%type)
case (AN_HISTOGRAM)
call histogram_get_header (obj%h, header, comment)
case (AN_PLOT)
call plot_get_header (obj%p, header, comment)
end select
end subroutine analysis_object_get_header

5.1.10 Analysis object iterator

Analysis objects are containers which have iterable data structures: histograms/bins
and plots/points. If they are to be treated on a common basis, it is useful to
have an iterator which hides the implementation details.

The iterator is used only for elementary analysis objects that contain plot
data: histograms or plots. It is invalid for meta-objects (graphs) and non-
graphical objects (observables).

(Analysis: public)+=
public :: analysis_iterator_t
(Analysis: types)+=
type :: analysis_iterator_t
private
integer :: type = AN_UNDEFINED
type(analysis_object_t), pointer :: object => null ()

integer :: index =1
type(point_t), pointer :: point => null ()
end type

The initializer places the iterator at the beginning of the analysis object.

(Analysis: procedures)+=
subroutine analysis_iterator_init (iterator, object)
type(analysis_iterator_t), intent(out) :: iterator
type(analysis_object_t), intent(in), target :: object
iteratoriobject => object
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if (associated (iteratoriobject)) then
iteratortype = iteratorjobjecttype
select case (iteratoritype)
case (AN_PLOT)

iteratoripoint => iterator’objectiphfirst

end select

end if

end subroutine analysis_iterator_init

The iterator is valid as long as it points to an existing entry. An iterator for a
data object without array data (observable) is always invalid.

(Analysis: public)+=
public :: analysis_iterator_is_valid

(Analysis: procedures)+=
function analysis_iterator_is_valid (iterator) result (valid)
logical :: valid
type(analysis_iterator_t), intent(in) :: iterator
if (associated (iteratorobject)) then
select case (iteratoritype)
case (AN_HISTOGRAM)
valid = iterator’index <= histogram_get_n_bins (iteratorobject%h)
case (AN_PLOT)
valid = associated (iteratoripoint)
case default

valid = .false.
end select
else
valid = .false.
end if

end function analysis_iterator_is_valid

Advance the iterator.

(Analysis: public)+=
public :: analysis_iterator_advance

(Analysis: procedures)+=
subroutine analysis_iterator_advance (iterator)
type(analysis_iterator_t), intent(inout) :: iterator
if (associated (iteratorjobject)) then
select case (iteratoritype)
case (AN_PLOT)
iteratorfpoint => iteratorpointinext
end select
iteratorfindex = iteratoriindex + 1
end if
end subroutine analysis_iterator_advance

Retrieve the object type:

(Analysis: public)+=
public :: analysis_iterator_get_type
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(Analysis: procedures)+=
function analysis_iterator_get_type (iterator) result (type)
integer :: type
type(analysis_iterator_t), intent(in) :: iterator
type = iteratoritype
end function analysis_iterator_get_type

Use the iterator to retrieve data. We implement a common routine which takes
the data descriptors as optional arguments. Data which do not occur in the
selected type trigger to an error condition.

The iterator must point to a valid entry.
(Analysis: public)+=

public :: analysis_iterator_get_data
(Analysis: procedures)+=

subroutine analysis_iterator_get_data (iterator, &

X, y, yerr, xerr, width, excess, index, n_total)

type(analysis_iterator_t), intent(in) :: iterator
real(default), intent(out), optional :: x, y, yerr, xerr, width, excess
integer, intent(out), optional :: index, n_total

select case (iteratoritype)
case (AN_HISTOGRAM)
if (present (x)) &
X = bin_get_midpoint (iteratoriobject’hlbin(iterator’,index))
if (present (y)) &
y = bin_get_sum (iteratorjobject4h¥%bin(iteratoriindex))
if (present (yerr)) &
yerr = bin_get_error (iteratoriobjecth)bin(iterator’index))
if (present (xerr)) &
call invalid ("histogram", "xerr")
if (present (width)) &
width = bin_get_width (iteratorobject¥h/bin(iteratorindex))
if (present (excess)) &

excess = bin_get_excess (iteratoriobjectih/bin(iteratorjindex))

if (present (index)) &
index = iteratorjindex
if (present (n_total)) &
n_total = histogram_get_n_bins (iterator’,objecth)
case (AN_PLOT)
if (present (x)) &
X = point_get_x (iterator/point)
if (present (y)) &
y = point_get_y (iteratorpoint)
if (present (yerr)) &
yerr = point_get_yerr (iterator’point)
if (present (xerr)) &
xerr = point_get_xerr (iterator’point)
if (present (width)) &
call invalid ("plot", "width")
if (present (excess)) &
call invalid ("plot", "excess")
if (present (index)) &
index = iteratorjindex
if (present (n_total)) &
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n_total = plot_get_n_entries (iteratoriobjectip)
case default
call msg_bug ("analysis_iterator_get_data: called " &
// "for unsupported analysis object type")
end select

contains
subroutine invalid (typestr, objstr)
character(*), intent(in) :: typestr, objstr

call msg_bug ("analysis_iterator_get_data: attempt to get " &
// objstr // "’ for type ’" // typestr // "’")
end subroutine invalid
end subroutine analysis_iterator_get_data

5.1.11 Analysis store

This data structure holds all observables, histograms and such that are currently
active. We have one global store; individual items are identified by their ID
strings and types.
(Analysis: variables)=

type(analysis_store_t), save :: analysis_store

(Analysis: types)+=
type :: analysis_store_t
private
type(analysis_object_t), pointer :: first => null ()
type(analysis_object_t), pointer :: last => null ()
end type analysis_store_t

Delete the analysis store
(Analysis: public)+=
public :: analysis_final

(Analysis: procedures)4+=
subroutine analysis_final ()
type(analysis_object_t), pointer :: current
do while (associated (analysis_store¥first))
current => analysis_store%first
analysis_storelfirst => currentinext
call analysis_object_final (current)
end do
analysis_storellast => null ()
end subroutine analysis_final

Append a new analysis object

(Analysis: procedures)4+=
subroutine analysis_store_append_object (id, type)
type(string_t), intent(in) :: id
integer, intent(in) :: type
type(analysis_object_t), pointer :: obj
allocate (obj)
call analysis_object_init (obj, id, type)
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if (associated (analysis_storejlast)) then
analysis_storelast%next => obj
else
analysis_store/first => obj
end if
analysis_storejlast => obj
end subroutine analysis_store_append_object

Return a pointer to the analysis object with given ID.

(Analysis: procedures)+=
function analysis_store_get_object_ptr (id) result (obj)
type(string_t), intent(in) :: id
type(analysis_object_t), pointer :: obj
obj => analysis_storelfirst
do while (associated (obj))
if (obj%id == id) return
obj => obj’next
end do
end function analysis_store_get_object_ptr

Initialize an analysis object: either reset it if present, or append a new entry.

(Analysis: procedures)+=
subroutine analysis_store_init_object (id, type, obj)
type(string_t), intent(in) :: id
integer, intent(in) :: type
type(analysis_object_t), pointer :: obj, next
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then
next => analysis_object_get_next_ptr (obj)
call analysis_object_final (obj)
call analysis_object_init (obj, id, type)
call analysis_object_set_next_ptr (obj, next)
else
call analysis_store_append_object (id, type)
obj => analysis_store%last
end if
end subroutine analysis_store_init_object

Get the type of a analysis object
(Analysis: public)+=
public :: analysis_store_get_object_type

(Analysis: procedures)+=
function analysis_store_get_object_type (id) result (type)
type(string_t), intent(in) :: id
integer :: type
type(analysis_object_t), pointer :: object
object => analysis_store_get_object_ptr (id)
if (associated (object)) then
type = objectitype
else
type = AN_UNDEFINED
end if
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end function analysis_store_get_object_type

Return the number of objects in the store.

(Analysis: procedures)+=
function analysis_store_get_n_objects () result (n)

integer :: n
type(analysis_object_t), pointer :: current
n=20

current => analysis_storejfirst
do while (associated (current))
n=n+1
current => currentnext
end do
end function analysis_store_get_n_objects

Allocate an array and fill it with all existing IDs.
(Analysis: public)+=
public :: analysis_store_get_ids

(Analysis: procedures)+=
subroutine analysis_store_get_ids (id)
type(string_t), dimension(:), allocatable, intent(out) :: id
type(analysis_object_t), pointer :: current
integer :: i
allocate (id (analysis_store_get_n_objects()))
i=0
current => analysis_storejfirst
do while (associated (current))
i=1i+1
id(i) = currentiid
current => currentnext
end do
end subroutine analysis_store_get_ids

5.1.12 ETgX driver file

Write a driver file for all objects in the store.

(Analysis: procedures)+=
subroutine analysis_store_write_driver_all (filename_data, unit)
type(string_t), intent(in) :: filename_data
integer, intent(in), optional :: unit
type(analysis_object_t), pointer :: obj
call analysis_store_write_driver_header (unit)
obj => analysis_store)first
do while (associated (obj))
call analysis_object_write_driver (obj, filename_data, unit)
obj => objl%next
end do
call analysis_store_write_driver_footer (unit)
end subroutine analysis_store_write_driver_all
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Write a driver file for an array of objects.

(Analysis: procedures)+=

subroutine analysis_store_write_driver_obj (filename_data, id, unit)

type(string_t), intent(in)

:: filename_data

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

integer, intent(in), optional :: unit
type(analysis_object_t), pointer :: o
integer :: i

bj

id

call analysis_store_write_driver_header (unit)

do i =1, size (id)
obj => analysis_store_get_object_ptr (id(i))

if (associated (obj)) &

call analysis_object_write_driver (obj, filename_data,

end do

call analysis_store_write_driver_footer (unit)

end subroutine analysis_store_write_driver_obj

The beginning of the driver file.

(Analysis: procedures)+=

subroutine analysis_store_write_driver_header (unit)

integer, intent(in), optional :: unit

integer :: u

u = output_unit (unit); if (u < 0)

write(u, ’(A)’)
write(u, *)

write(u, ’(A)?)
write(u, ’(A)’)
write(u, *)

write(u, ’(A)?)
write(u, ’(A)’)
write(u, *)

write(u, ’(A)’)
write(u, ’(A)’)
write(u, ’(A)°’)
write(u, ’(A)’)
write(u, ’(A)’)

! if (mes(1)%plot_excess .and. mcs(1)%unweighted)
! write(u, ’(A)?)

! else
write(u, ’(A)°’)
! end if

"\documentclass[12pt]{article}"

return

"\usepackage{gamelanl}"
"\usepackage{amsmath}"

"\begin{document}"
"\begin{gmlfile}"

"\begin{gmlcode}"

color col.default, col.excess;"

col.default = 0.9w
col.excess = red;
boolean show_exces

" show_excess =

show_excess = fals

write(u, ’(A)’) "\end{gmlcode}"

write(u, *)

end subroutine analysis_store_write_driver_header

The end of the driver file.

(Analysis: procedures)+=

subroutine analysis_store_write_driver_footer (unit)

integer, intent(in), optional :: unit

integer :: u

u = output_unit (unit); if (u < 0)

write(u, *)

write(u, ’(A)’) "\end{gmlfile}"
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write(u, ’(A)’) "\end{documentl}"
end subroutine analysis_store_write_driver_footer

5.1.13 API
Creating new objects

The specific versions below:
(Analysis: public)+=
public :: analysis_init_observable

(Analysis: procedures)+=

subroutine analysis_init_observable (id, obs_label, obs_unit, graph_options)
type(string_t), intent(in) :: id
type(string_t), intent(in), optional :: obs_label, obs_unit
type(graph_options_t), intent(in), optional :: graph_options
type(analysis_object_t), pointer :: obj
type (observable_t), pointer :: obs
call analysis_store_init_object (id, AN_OBSERVABLE, obj)
obs => analysis_object_get_observable_ptr (obj)
call observable_init (obs, obs_label, obs_unit, graph_options)

end subroutine analysis_init_observable

(Analysis: public)+=
public :: analysis_init_histogram

(Analysis: interfaces)+=
interface analysis_init_histogram
module procedure analysis_init_histogram_n_bins
module procedure analysis_init_histogram_bin_width
end interface

(Analysis: procedures)4+=
subroutine analysis_init_histogram_n_bins &
(id, lower_bound, upper_bound, n_bins, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)
type(string_t), intent(in) :: id
real(default), intent(in) :: lower_bound, upper_bound
integer, intent(in) :: n_bins
logical, intent(in) :: normalize_bins
type(string_t), intent(in), optional :: obs_label, obs_unit
type(graph_options_t), intent(in), optional :: graph_options
type(drawing_options_t), intent(in), optional :: drawing_options
type(analysis_object_t), pointer :: obj
type(histogram_t), pointer :: h
call analysis_store_init_object (id, AN_HISTOGRAM, obj)
h => analysis_object_get_histogram_ptr (obj)
call histogram_init (h, id, &
lower_bound, upper_bound, n_bins, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)
end subroutine analysis_init_histogram_n_bins

subroutine analysis_init_histogram_bin_width &
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(id, lower_bound, upper_bound, bin_width, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)

type(string_t), intent(in) :: id
real(default), intent(in) :: lower_bound, upper_bound, bin_width
logical, intent(in) :: normalize_bins

type(string_t), intent(in), optional :: obs_label, obs_unit
type(graph_options_t), intent(in), optional :: graph_options
type(drawing_options_t), intent(in), optional :: drawing_options
type(analysis_object_t), pointer :: obj
type (histogram_t), pointer :: h
call analysis_store_init_object (id, AN_HISTOGRAM, obj)
h => analysis_object_get_histogram_ptr (obj)
call histogram_init (h, id, &
lower_bound, upper_bound, bin_width, normalize_bins, &
obs_label, obs_unit, graph_options, drawing_options)
end subroutine analysis_init_histogram_bin_width

(Analysis: public)+=
public :: analysis_init_plot
(Analysis: procedures)+=
subroutine analysis_init_plot (id, graph_options, drawing_options)

type(string_t), intent(in) :: id
type(graph_options_t), intent(in), optional :: graph_options
type(drawing_options_t), intent(in), optional :: drawing_options

type(analysis_object_t), pointer :: obj

type(plot_t), pointer :: plot

call analysis_store_init_object (id, AN_PLOT, obj)

plot => analysis_object_get_plot_ptr (obj)

call plot_init (plot, id, graph_options, drawing_options)
end subroutine analysis_init_plot

(Analysis: public)+=
public :: analysis_init_graph

(Analysis: procedures)+=

subroutine analysis_init_graph (id, n_elements, graph_options)
type(string_t), intent(in) :: id
integer, intent(in) :: n_elements
type(graph_options_t), intent(in), optional :: graph_options
type(analysis_object_t), pointer :: obj
type(graph_t), pointer :: graph
call analysis_store_init_object (id, AN_GRAPH, obj)
graph => analysis_object_get_graph_ptr (obj)
call graph_init (graph, id, n_elements, graph_options)

end subroutine analysis_init_graph

Recording data

This procedure resets an object or the whole store to its initial state.

(Analysis: public)+=
public :: analysis_clear
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(Analysis: interfaces)+=
interface analysis_clear
module procedure analysis_store_clear_obj
module procedure analysis_store_clear_all
end interface

(Analysis: procedures)4+=

subroutine analysis_store_clear_obj (id)
type(string_t), intent(in) :: id
type(analysis_object_t), pointer :: obj
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then

call analysis_object_clear (obj)

end if

end subroutine analysis_store_clear_obj

subroutine analysis_store_clear_all ()
type(analysis_object_t), pointer :: obj
obj => analysis_storefirst
do while (associated (obj))
call analysis_object_clear (obj)
obj => obj’next
end do
end subroutine analysis_store_clear_all

There is one generic recording function whose behavior depends on the type of
analysis object.
(Analysis: public)+=
public :: analysis_record_data
(Analysis: procedures)+=

subroutine analysis_record_data (id, x, y, yerr, xerr, &
weight, excess, success, exist)

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

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

real(default), intent(in), optiomal :: y, yerr, xerr, weight, excess
logical, intent(out), optional :: success, exist

type(analysis_object_t), pointer :: obj
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then
call analysis_object_record_data (obj, x, y, yerr, xerr, &
weight, excess, success)

if (present (exist)) exist = .true.

else
if (present (success)) success = .false.
if (present (exist)) exist = .false.

end if

end subroutine analysis_record_data
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Build a graph

This routine sets up the array of graph elements by copying the graph elements
given as input. The object must exist and already be initialized as a graph.
(Analysis: public)+=

public :: analysis_fill_graph
(Analysis: procedures)+=

subroutine analysis_fill_graph (id, i, id_in, drawing_options)

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

integer, intent(in) :: i

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

type(drawing_options_t), intent(in), optional :: drawing_ options

type(analysis_object_t), pointer :: obj
type(graph_t), pointer :: g
type(histogram_t), pointer :: h
type(plot_t), pointer :: p
obj => analysis_store_get_object_ptr (id)
g => analysis_object_get_graph_ptr (obj)
obj => analysis_store_get_object_ptr (id_in)
if (associated (obj)) then
select case (obj’type)
case (AN_HISTOGRAM)
h => analysis_object_get_histogram_ptr (obj)
call graph_insert_histogram (g, i, h, drawing_options)
case (AN_PLOT)
p => analysis_object_get_plot_ptr (obj)
call graph_insert_plot (g, i, p, drawing_options)
case default
call msg_error ("Graph ’" // char (id) // "’: Element " &
// char (id_in) // "’ is neither histogram nor plot.")
end select
else
call msg_error ("Graph ’" // char (id) // "’: Element ’" &
// char (id_in) // "’ is undefined.")
end if
end subroutine analysis_fill_graph

Retrieve generic results

The following functions should work for all kinds of analysis object:
(Analysis: public)+=

public :: analysis_get_n_elements
public :: analysis_get_n_entries
public :: analysis_get_average
public :: analysis_get_error

(Analysis: procedures)4+=
function analysis_get_n_elements (id) result (n)
integer :: n
type(string_t), intent(in) :: id
type(analysis_object_t), pointer :: obj
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then
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n = analysis_object_get_n_elements (obj)
else

n=20
end if

end function analysis_get_n_elements

function analysis_get_n_entries (id, within_bounds) result (n)

integer :: n
type(string_t), intent(in) :: id
logical, intent(in), optional :: within_bounds

type(analysis_object_t), pointer :: obj
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then
n = analysis_object_get_n_entries (obj, within_bounds)
else
n=20
end if
end function analysis_get_n_entries

function analysis_get_average (id, within_bounds) result (avg)
real(default) :: avg

type(string_t), intent(in) :: id
type(analysis_object_t), pointer :: obj
logical, intent(in), optional :: within_bounds

obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then

avg = analysis_object_get_average (obj, within_bounds)
else

avg = 0
end if

end function analysis_get_average

function analysis_get_error (id, within_bounds) result (err)

real(default) :: err

type(string_t), intent(in) :: id
type(analysis_object_t), pointer :: obj
logical, intent(in), optional :: within_bounds

obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then
err = analysis_object_get_error (obj, within_bounds)
else
err = 0
end if
end function analysis_get_error

Return true if any analysis object is graphical
(Analysis: public)+=
public :: analysis_has_plots

(Analysis: interfaces)+=
interface analysis_has_plots
module procedure analysis_has_plots_any
module procedure analysis_has_plots_obj
end interface
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(Analysis: procedures)+=
function analysis_has_plots_any () result (flag)
logical :: flag
type(analysis_object_t), pointer :: obj
flag = .false.
obj => analysis_storejfirst
do while (associated (obj))
flag = analysis_object_has_plot (obj)
if (flag) return
end do
end function analysis_has_plots_any

function analysis_has_plots_obj (id) result (flag)
logical :: flag

type(string_t), dimension(:), intent(in) :: id
type(analysis_object_t), pointer :: obj
integer :: i

flag = .false.
do i =1, size (id)
obj => analysis_store_get_object_ptr (id(i))
if (associated (obj)) then
flag = analysis_object_has_plot (obj)
if (flag) return
end if
end do
end function analysis_has_plots_obj

Iterators

Initialize an iterator for the given object. If the object does not exist or has
wrong type, the iterator will be invalid.
(Analysis: public)+=

public :: analysis_init_iterator

(Analysis: procedures)4+=
subroutine analysis_init_iterator (id, iterator)
type(string_t), intent(in) :: id
type(analysis_iterator_t), intent(out) :: iterator
type(analysis_object_t), pointer :: obj
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) call analysis_iterator_init (iterator, obj)
end subroutine analysis_init_iterator

Output

(Analysis: public)+=
public :: analysis_write
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(Analysis: interfaces)+=
interface analysis_write
module procedure analysis_write_object
module procedure analysis_write_all
end interface

(Analysis: procedures)4+=
subroutine analysis_write_object (id, unit)
type(string_t), intent(in) :: id
integer, intent(in), optional :: unit
type(analysis_object_t), pointer :: obj
obj => analysis_store_get_object_ptr (id)
if (associated (obj)) then
call analysis_object_write (obj, unit)
else
call msg_error ("Analysis object ’" // char (id) // "’ not found")
end if
end subroutine analysis_write_object

subroutine analysis_write_all (unit)

integer, intent(in), optional :: unit
type(analysis_object_t), pointer :: obj
integer :: u

u = output_unit (unit); if (u < 0) return
obj => analysis_storelfirst
do while (associated (obj))
call analysis_object_write (obj, unit)
obj => obj/next
end do
end subroutine analysis_write_all

(Analysis: public)+=
public :: analysis_write_driver
(Analysis: procedures)+=
subroutine analysis_write_driver (filename_data, id, unit)

type(string_t), intent(in) :: filename_data
type(string_t), dimension(:), intent(in), optional :: id
integer, intent(in), optional :: unit

if (present (id)) then
call analysis_store_write_driver_obj (filename_data, id, unit)
else
call analysis_store_write_driver_all (filename_data, unit)
end if
end subroutine analysis_write_driver

(Analysis: public)+=
public :: analysis_compile_tex
(Analysis: procedures)+=
subroutine analysis_compile_tex (file, has_gmlcode, os_data)

type(string_t), intent(in) :: file
logical, intent(in) :: has_gmlcode
type(os_data_t), intent(in) :: os_data
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type(string_t) :: setenv

integer :: status
if (os_datalevent_analysis_ps) then
BLOCK: do

if (os_datalwhizard_texpath /= "") then

setenv = "TEXINPUTS=" // os_data¥%whizard_texpath // ":$TEXINPUTS "
else

setenv = ""
end if
call os_system_call (setenv // os_datallatex // " " // file, status)
if (status /= 0) exit BLOCK
if (has_gmlcode) then

call os_system_call (os_datajgml // " " // file, status)
if (status /= 0) exit BLOCK
call os_system_call (setenv // os_datallatex // " " // file, &
status)
if (status /= 0) exit BLOCK
end if

call os_system_call (os_datajdvips // " -o " // file // ".ps " &
// file, status)

if (status /= 0) exit BLOCK

if (os_datalevent_analysis_pdf) then

call os_system_call (os_datalps2pdf // " " // file // ".ps", &
status)
if (status /= 0) exit BLOCK
end if
exit BLOCK

end do BLOCK
if (status /= 0) then
call msg_error ("Unable to compile analysis output file")
end if
else
call msg_warning ("Skipping results display because " &
// "latex/mpost/dvips is not available")
end if
end subroutine analysis_compile_tex

Write header for generic data output to an ifile.
(Analysis: public)+=
public :: analysis_get_header

(Analysis: procedures)+=
subroutine analysis_get_header (id, header, comment)

type(string_t), intent(in) :: id
type(ifile_t), intent(inout) :: header
type(string_t), intent(in), optional :: comment

type(analysis_object_t), pointer :: object
object => analysis_store_get_object_ptr (id)
if (associated (object)) then
call analysis_object_get_header (object, header, comment)
end if
end subroutine analysis_get_header
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5.1.14 Test

(Analysis: public)+=
public :: analysis_test

(Analysis: procedures)+=
subroutine analysis_test ()
call analysis_testl ()
call analysis_final ()
end subroutine analysis_test

(Analysis: procedures)+=
subroutine analysis_testl ()
type(string_t) :: idl, id2, id3, id4

integer :: i
idl = "foo"
id2 = "bar"
id3 = "hist"
id4 = "plot"

call analysis_init_observable (id1)
call analysis_init_observable (id2)
call analysis_init_histogram_bin_width &
(id3, 0.5_default, 5.5_default, 1._default, normalize_bins=.false.)
call analysis_init_plot (id4)
doi=1, 3
print *, "data = ", real(i,default)
call analysis_record_data (idl, real(i,default))
call analysis_record_data (id2, real(i,default), &
weight=real (i,default))
call analysis_record_data (id3, real(i,default))
call analysis_record_data (id4, real(i,default), real(i,default)**2)
end do
1 format (A,10(1x,I5))
2 format (A,10(1x,F5.3))
print 1, "n_entries =", &
analysis_get_n_entries (idl), &
analysis_get_n_entries (id2), &
analysis_get_n_entries (id3), &

analysis_get_n_entries (id3, within_bounds = .true.), &

analysis_get_n_entries (id4), &

analysis_get_n_entries (id4, within_bounds = .true.)
print 2, "average =", &

analysis_get_average (idl), &
analysis_get_average (id2), &
analysis_get_average (id3), &
analysis_get_average (id3, within_bounds = .true.)
print 2, "error =", &
analysis_get_error (idl), &
analysis_get_error (id2), &
analysis_get_error (id3), &
analysis_get_error (id3, within_bounds = .true.)
print *, "clear #2"
call analysis_clear (id2)
doi=4,6
print *, "data = ", real(i,default)
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call analysis_record_data (idl, real(i,default))
call analysis_record_data (id2, real(i,default), &
weight=real(i,default))
call analysis_record_data (id3, real(i,default))
call analysis_record_data (id4, real(i,default), real(i,default)**2)
end do
print 1, "n_entries =", &
analysis_get_n_entries (idl), &
analysis_get_n_entries (id2), &
analysis_get_n_entries (id3), &

analysis_get_n_entries (id3, within_bounds = .true.), &

analysis_get_n_entries (id4), &

analysis_get_n_entries (id4, within_bounds = .true.)
print 2, "average =", &

analysis_get_average (idl), &
analysis_get_average (id2), &
analysis_get_average (id3), &
analysis_get_average (id3, within_bounds = .true.)
print 2, "error =" &
analysis_get_error (idl), &
analysis_get_error (id2), &
analysis_get_error (id3), &
analysis_get_error (id3, within_bounds = .true.)
print *
call analysis_write ()
call analysis_clear ()
end subroutine analysis_testl
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5.2 PDG arrays

For defining aliases, we introduce a special type which holds a set of (integer)
PDG codes.

dg_arrays.f90)=
pag y
(File header)

module pdg_arrays

(Use file utils)

(Standard module head)
(PDG arrays: public)
(PDG arrays: parameters)
(PDG arrays: types)
(PDG arrays: interfaces)
contains

(PDG arrays: procedures)

end module pdg_arrays

5.2.1 Type definition

Using an allocatable array eliminates the need for initializer and/or finalizer.
(PDG arrays: public)=
public :: pdg_array_t
(PDG arrays: types)=
type :: pdg_array_t
private
integer, dimension(:), allocatable :: pdg
end type pdg_array_t

Output
(PDG arrays: public)+=
public :: pdg_array_write

(PDG arrays: procedures)=
subroutine pdg_array_write (aval, unit)

type(pdg_array_t), intent(in) :: aval
integer, intent(in), optional :: unit
integer :: u, i

u = output_unit (unit); if (u < 0) return
write (u, "(A)", advance="no") "PDG("
if (allocated (aval¥%pdg)) then
do i = 1, size (aval¥pdg)
if (i > 1) write (u, "(A)", advance="no") ", "
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write (u, "(IO)", advance="no") avallpdg(i)
end do
end if
write (u, "(A)", advance="no") ")"
end subroutine pdg_array_write

5.2.2 Parameters

We need an UNDEFINED value:

(PDG arrays: parameters)=
integer, parameter, public :: UNDEFINED = 0

5.2.3 Basic operations

Assignment. We define assignment from and to an integer array. Note that the
integer array, if it is the Lh.s., must be declared allocatable by the caller.
(PDG arrays: public)+=

public :: assignment(=)

(PDG arrays: interfaces)=
interface assignment (=)
module procedure pdg_array_from_int_array
module procedure pdg_array_from_int
module procedure int_array_from_pdg_array
end interface

(PDG arrays: procedures)+=
subroutine pdg_array_from_int_array (aval, iarray)
type(pdg_array_t), intent(out) :: aval
integer, dimension(:), intent(in) :: iarray
allocate (avallpdg (size (iarray)))
avalY%pdg = iarray
end subroutine pdg_array_from_int_array

elemental subroutine pdg_array_from_int (aval, int)
type(pdg_array_t), intent(out) :: aval
integer, intent(in) :: int
allocate (avallpdg (1))
avall/pdg = int
end subroutine pdg_array_from_int

subroutine int_array_from_pdg_array (iarray, aval)
integer, dimension(:), allocatable, intent(out) :: iarray
type(pdg_array_t), intent(in) :: aval
if (allocated (aval¥%pdg)) then
allocate (iarray (size (avallpdg)))
iarray = avall,pdg
else
allocate (iarray (0))
end if
end subroutine int_array_from_pdg_array
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The only nontrivial operation: concatenate two PDG arrays
(PDG arrays: public)+=
public :: operator(//)

(PDG arrays: interfaces)+=
interface operator(//)
module procedure concat_pdg_arrays
end interface

(PDG arrays: procedures)+=
function concat_pdg_arrays (avall, aval2) result (aval)
type(pdg_array_t) :: aval
type(pdg_array_t), intent(in) :: avall, aval2
integer :: mnl, n2
if (allocated (avallypdg) .and. allocated (aval2ipdg)) then
nl = size (avallypdg)
n2 = size (aval2ypdg)
allocate (avallpdg (nl + n2))
aval’/pdg(:nl) = avalllpdg
aval’/pdg(ni+l:) = aval2lpdg
else if (allocated (avalillpdg)) then
aval = avall
else if (allocated (aval2jpdg)) then
aval = aval2
end if
end function concat_pdg_arrays

5.2.4 Matching

A PDG array matches a given PDG code if the code is present within the array.
If either one is zero (UNDEFINED), the match also succeeds.
(PDG arrays: public)+=

public :: operator(.match.)

(PDG arrays: interfaces)+=
interface operator(.match.)
module procedure pdg_array_match_integer
end interface

(PDG arrays: procedures)+=
elemental function pdg_array_match_integer (aval, pdg) result (flag)
logical :: flag
type(pdg_array_t), intent(in) :: aval
integer, intent(in) :: pdg
if (allocated (avallpdg)) then
flag = pdg == UNDEFINED &
.or. any (avalypdg == UNDEFINED) &
.or. any (avalypdg == pdg)
else
flag = .false.
end if
end function pdg_array_match_integer
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Equivalence. Two PDG arrays are equivalent if either both contain UNDEFINED
or each element of array 1 is present in array 2, and vice versa.
(PDG arrays: public)+=

public :: operator(.eqv.)

public :: operator(.neqv.)

(PDG arrays: interfaces)+=
interface operator(.eqv.)
module procedure pdg_array_equivalent
end interface
interface operator(.neqv.)
module procedure pdg_array_inequivalent
end interface

(PDG arrays: procedures)+=
function pdg_array_equivalent (avall, aval2) result (eq)
logical :: eq
type(pdg_array_t), intent(in) :: avall, aval2
logical, dimension(:), allocatable :: matchl, match2
integer :: i
if (allocated (avallykpdg) .and. allocated (aval2ipdg)) then
eq = any (avall)pdg == UNDEFINED) &
.and. any (avall)pdg == UNDEFINED)
if (.not. eq) then
allocate (matchl (size (avalllpdg)))
allocate (match2 (size (aval2ipdg)))
matchl = .false.
match2 = .false.
do i = 1, size (avalllpdg)
match2 = match2 .or. avallypdg(i) == aval2ipdg
end do
do i = 1, size (aval2jpdg)
matchl = matchl .or. aval2jpdg(i) == avalllpdg
end do
eq = all (matchl) .and. all (match2)
end if
else
eq = .false.
end if
end function pdg_array_equivalent

function pdg_array_inequivalent (avall, aval2) result (neq)
logical :: mneq
type(pdg_array_t), intent(in) :: avall, aval2
neq = .not. pdg_array_equivalent (avall, aval2)

end function pdg_array_inequivalent
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5.3 subevents

The purpose of subevents is to store the relevant part of the physical event
(either partonic or hadronic), and to hold particle selections and combinations
which are constructed in cut or analysis expressions.

(subevents.f90)=
(File header)

module subevents

use iso_c_binding !NODEP!
(Use kinds)
(Use file utils)
use c_particles !NODEP!
use lorentz !NODEP!
use sorting
use pdg_arrays

(Standard module head)
(Subevents: public)
(Subevents: parameters)
(Subevents: types)
(Subevents: interfaces)
contains

(Subevents: procedures)

end module subevents

5.3.1 Particles

For the purpose of this module, a particle has a type which can indicate a beam,
incoming, outgoing, or composite particle, flavor and helicity codes (integer,
undefined for composite), four-momentum and invariant mass squared. (Other
particles types are used in extended event types, but also defined here.) Further-
more, each particle has an allocatable array of ancestors — particle indices which
indicate the building blocks of a composite particle. For an incoming/outgoing
particle, the array contains only the index of the particle itself.
For incoming particles, the momentum is inverted before storing it in the

particle object.
(Subevents: parameters)=

integer, parameter, public :: PRT_UNDEFINED = O

integer, parameter, public :: PRT_BEAM = -9

integer, parameter, public :: PRT_INCOMING = 1

integer, parameter, public :: PRT_OUTGOING = 2

integer, parameter, public :: PRT_COMPOSITE

integer, parameter, public :: PRT_VIRTUAL =

=3
4
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integer, parameter, public :: PRT_RESONANT = 5
integer, parameter, public :: PRT_BEAM_REMNANT = 9

The type

We initialize only the type here and mark as unpolarized. The initializers below
do the rest.

(Subevents: public)=
public :: prt_t

(Subevents: types)=

type :: prt_t
private
integer :: type = PRT_UNDEFINED
integer :: pdg
logical :: polarized = .false.
integer :: h
type(vectord_t) :: p
real(default) :: p2
integer, dimension(:), allocatable :: src

end type prt_t

Initializers. Polarization is set separately. Finalizers are not needed.

(Subevents: procedures)=

subroutine prt_init_beam (prt, pdg, p, p2, src)
type(prt_t), intent(out) :: prt
integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2
integer, dimension(:), intent(in) :: src
prti/type = PRT_BEAM
call prt_set (prt, pdg, - p, p2, src)

end subroutine prt_init_beam

subroutine prt_init_incoming (prt, pdg, p, p2, src)
type(prt_t), intent(out) :: prt

integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2

integer, dimension(:), intent(in) :: src

prt/type = PRT_INCOMING
call prt_set (prt, pdg, - p, p2, src)
end subroutine prt_init_incoming

subroutine prt_init_outgoing (prt, pdg, p, p2, src)
type(prt_t), intent(out) :: prt

integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2

integer, dimension(:), intent(in) :: src

prtitype = PRT_OUTGOING
call prt_set (prt, pdg, p, p2, src)
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end subroutine prt_init_outgoing

subroutine prt_init_composite (prt, p, src)
type(prt_t), intent(out) :: prt
type(vector4_t), intent(in) :: p
integer, dimension(:), intent(in) :: src
prtitype = PRT_COMPOSITE
call prt_set (prt, 0, p, p**2, src)

end subroutine prt_init_composite

This version is for temporary particle objects, so the src array is not set.

(Subevents: public)+=
public :: prt_init_combine

(Subevents: procedures)+=

subroutine prt_init_combine (prt, prtl, prt2)
type(prt_t), intent(out) :: prt
type(prt_t), intent(in) :: prtl, prt2
type(vector4_t) :: p
integer, dimension(0) :: src
prtitype = PRT_COMPOSITE
p = prtl¥%p + prt2i%p
call prt_set (prt, 0, p, p**2, src)

end subroutine prt_init_combine

Accessing contents

(Subevents: public)+=
public :: prt_get_pdg

(Subevents: procedures)+=
elemental function prt_get_pdg (prt) result (pdg)
integer :: pdg
type(prt_t), intent(in) :: prt
pdg = prtipdg
end function prt_get_pdg

(Subevents: public)+=
public :: prt_get_momentum

(Subevents: procedures)+=
elemental function prt_get_momentum (prt) result (p)
type(vectord_t) :: p
type(prt_t), intent(in) :: prt
p = prtip
end function prt_get_momentum

(Subevents: public)+=
public :: prt_get_msq
(Subevents: procedures)+=
elemental function prt_get_msq (prt) result (msq)
real(default) :: msq
type(prt_t), intent(in) :: prt
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msq = prt%p2
end function prt_get_msq

(Subevents: public)+=
public :: prt_is_polarized

(Subevents: procedures)+=
elemental function prt_is_polarized (prt) result (flag)
logical :: flag
type(prt_t), intent(in) :: prt
flag = prtipolarized
end function prt_is_polarized

(Subevents: public)+=
public :: prt_get_helicity

(Subevents: procedures)+=
elemental function prt_get_helicity (prt) result (h)

integer :: h
type(prt_t), intent(in) :: prt
h = prtih

end function prt_get_helicity

Setting data

Set the PDG, momentum and momentum squared, and ancestors. If allocate-
on-assignment is available, this can be simplified.

(Subevents: procedures)+=
subroutine prt_set (prt, pdg, p, p2, src)

type(prt_t), intent(inout) :: prt
integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2

integer, dimension(:), intent(in) :: src
prtipdg = pdg

prtip = p

prt/4p2 = p2

if (allocated (prtisrc)) then
if (size (src) /= size (prtisrc)) then
deallocate (prt¥%src)
allocate (prtisrc (size (src)))
end if
else
allocate (prtisrc (size (src)))
end if
prt/src = src
end subroutine prt_set

Set the particle PDG code separately.

(Subevents: procedures)+=
elemental subroutine prt_set_pdg (prt, pdg)
type(prt_t), intent(inout) :: prt
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integer, intent(in) :: pdg

prtipdg = pdg
end subroutine prt_set_pdg

Set the momentum separately.

(Subevents: procedures)+=
elemental subroutine prt_set_p (prt, p)

type(prt_t), intent(inout) :: prt
type(vector4_t), intent(in) :: p
prtip = p

end subroutine prt_set_p

Set helicity (optional).

(Subevents: procedures)+=
subroutine prt_polarize (prt, h)

type(prt_t), intent(inout) :: prt
integer, intent(in) :: h
prt/polarized = .true.

prt/h = h

end subroutine prt_polarize

Conversion

Transform a prt_t object into a c_prt_t object.

(Subevents: public)+=
public :: c_prt

(Subevents: interfaces)=
interface c_prt
module procedure c_prt_from_prt
end interface

(Subevents: procedures)+=
elemental function c_prt_from_prt (prt) result (c_prt)
type(c_prt_t) :: c_prt
type(prt_t), intent(in) :: prt
c_prtitype = prtitype
c_prtipdg = prtipdg
if (prtipolarized) then
c_prtipolarized = 1
else
c_prtipolarized
end if
c_prtih = prtih
c_prtipe = energy (prtip)
c_prtipx = vector4_get_component (prtip, 1)
c_prtipy = vector4_get_component (prtip, 2)
c_prt%pz = vector4_get_component (prtip, 3)
c_prt%p2 = prtip2
end function c_prt_from_prt

]
o
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Output

(Subevents: public)+=
public :: prt_write

(Subevents: procedures)+=

subroutine prt_write (prt, unit)
type(prt_t), intent(in) :: prt
integer, intent(in), optional :: unit
integer :: u, i
u = output_unit (unit); if (u < 0) return
write (u, "(1x,A)", advance="no") ‘"prt("
select case (prtitype)

case (PRT_UNDEFINED) ; write (u, "(’?’)", advance="no")
case (PRT_BEAM); write (u, "(’b:’)", advance="no")
case (PRT_INCOMING); write (u, "(’i:’)", advance="no")
case (PRT_OUTGOING); write (u, "(’o0:’)", advance="no")
case (PRT_COMPOSITE); write (u, "(’c:’)", advance="no")

end select
select case (prtitype)
case (PRT_BEAM, PRT_INCOMING, PRT_OUTGOING)
if (prtipolarized) then
write (u, "(I0,’/’,I0,’|’)", advance="no") prtipdg, prt’h
else
write (u, "(I0,’|’)", advance="no") prtipdg
end if
end select
select case (prtitype)
case (PRT_BEAM, PRT_INCOMING, PRT_OUTGOING, PRT_COMPOSITE)
write (u, "(1PE12.5,’;’,1PE12.5,’,’,1PE12.5,’,’ ;1PE12.5)", advance="no") &
array_from_vectord (prt%p)
write (u, "(°|’,1PE12.5)", advance="no") prt/p2
end select
if (allocated (prti%src)) then
write (u, "(’|’)", advance="no")
do i = 1, size (prtlsrc)
write (u, "(1x,I0)", advance="no") prtisrc(i)
end do
end if
write (u, "(A)") ™)
end subroutine prt_write

Tools

Two particles match if their src arrays are the same.

(Subevents: interfaces)+=
interface operator(.match.)
module procedure prt_match
end interface

(Subevents: procedures)+=
elemental function prt_match (prtl, prt2) result (match)
logical :: match
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type(prt_t), intent(in) :: prtl, prt2

if (size (prtl¥src) == size (prt2isrc)) then
match = all (prtilsrc == prt2¥src)

else
match = .false.

end if

end function prt_match

The combine operation makes a pseudoparticle whose momentum is the result
of adding (the momenta of) the pair of input particles. We trace the particles
from which a particle is built by storing a src array. Each particle entry in the
src list contains a list of indices which indicates its building blocks. The indices
refer to an original list of particles. Index lists are sorted, and they contain no
element more than once.

We thus require that in a given pseudoparticle, each original particle occurs
at most once.

The result is intent(inout), so it will not be initialized when the subroutine
is entered.
(Subevents: procedures)+=

subroutine prt_combine (prt, prt_inl, prt_in2, ok)

type(prt_t), intent(inout) :: prt
type(prt_t), intent(in) :: prt_inl, prt_in2
logical :: ok

integer, dimension(:), allocatable :: src

call combine_index_lists (src, prt_inl)src, prt_in2jsrc)

ok = allocated (src)

if (ok) call prt_init_composite (prt, prt_inllp + prt_in2Jp, src)
end subroutine prt_combine

This variant does not produce the combined particle, it just checks whether the
combination is valid (no common src entry).

(Subevents: public)+=
public :: are_disjoint

(Subevents: procedures)+=
function are_disjoint (prt_inl, prt_in2) result (flag)
logical :: flag
type(prt_t), intent(in) :: prt_inl, prt_in2
flag = index_lists_are_disjoint (prt_inl¥src, prt_in2jsrc)
end function are_disjoint

src Lists with length > 1 are built by a combine operation which merges the lists
in a sorted manner. If the result would have a duplicate entry, it is discarded,
and the result is unallocated.

(Subevents: procedures)+=
subroutine combine_index_lists (res, srcl, src2)

integer, dimension(:), intent(in) :: srcl, src2
integer, dimension(:), allocatable :: res
integer :: i1, i2, i

allocate (res (size (srcl) + size (src2)))

il =1
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i2 =1
LOOP: do i = 1, size (res)
if (src1(il) < src2(i2)) then
res(i) = src1(il); i1 =i1 + 1
if (i1 > size (srcl)) then
res(i+l:) = src2(i2:)
exit LOOP
end if
else if (src1(il) > src2(i2)) then
res(i) = src2(i2); i2 =i2 + 1
if (i2 > size (src2)) then
res(i+l:) = srci1(il:)
exit LOOP
end if
else
deallocate (res)
exit LOOP
end if
end do LOOP
end subroutine combine_index_lists

This function is similar, but it does not actually merge the list, it just checks
whether they are disjoint (no common src entry).
(Subevents: procedures)+=
function index_lists_are_disjoint (srcl, src2) result (flag)
logical :: flag

integer, dimension(:), intent(in) :: srcl, src2
integer :: i1, i2, i

flag = .true.

il =1

i2 =1

LOOP: do i = 1, size (srcl) + size (src2)
if (src1(il) < src2(i2)) then
il =i1 + 1
if (i1 > size (srcl)) then
exit LOOP
end if
else if (src1(il) > src2(i2)) then
i2 = i2 + 1
if (i2 > size (src2)) then
exit LOOP
end if
else
flag = .false.
exit LOOP
end if
end do LOOP
end function index_lists_are_disjoint

5.3.2 C-compatible particle type
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5.3.3 subevents

Particles are collected in subevents. This type is implemented as a dynamically
allocated array, which need not be completely filled. The value n_tot determines
the number of meaningful entries.

Type definition

(Subevents: public)+=
public :: subevt_t

(Subevents: types)+=
type :: subevt_t
private
integer :: n_tot =0
type(prt_t), dimension(:), allocatable :: prt
end type subevt_t

Initialize, allocating with size zero (default) or given size. The number of con-
tained particles is set equal to the size.

(Subevents: public)+=
public :: subevt_init

(Subevents: procedures)+=
subroutine subevt_init (subevt, n_tot)
type(subevt_t), intent(out) :: subevt
integer, intent(in), optional :: n_tot
if (present (n_tot)) subevtn_tot = n_tot
allocate (subevtiprt (subevtin_tot))
end subroutine subevt_init

(Re-)allocate the subevent with some given size. If the size is greater than the
previous one, do a real reallocation. Otherwise, just reset the recorded size.
Contents are untouched, but become invalid.

(Subevents: public)+=
public :: subevt_reset

(Subevents: procedures)+=
subroutine subevt_reset (subevt, n_tot)
type(subevt_t), intent(inout) :: subevt
integer, intent(in) :: n_tot
subevt%n_tot = n_tot
if (subevt/n_tot > size (subevtl/prt)) then
deallocate (subevtyprt)
allocate (subevtiprt (subevtyn_tot))
end if
end subroutine subevt_reset

Output.
(Subevents: public)+=
public :: subevt_write
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(Subevents: procedures)+=
subroutine subevt_write (subevt, unit, prefix)
type(subevt_t), intent(in) :: subevt
integer, intent(in), optional :: unit
character(*), intent(in), optional :: prefix
integer :: u, i
u = output_unit (unit); if (u < 0) return
write (u, *) "subevent:"
do i = 1, subevtyn_tot
if (present (prefix)) write (u, "(A)", advance="no") prefix
write (u, "(1x,I0)", advance="no") i
call prt_write (subevtiprt(i), unit)
end do
end subroutine subevt_write

Defined assignment: transfer only meaningful entries. This is a deep copy (as
would be default assignment).

(Subevents: interfaces)+=
interface assignment (=)
module procedure subevt_assign
end interface

(Subevents: procedures)+=
subroutine subevt_assign (subevt, subevt_in)
type(subevt_t), intent(inout) :: subevt
type(subevt_t), intent(in) :: subevt_in
if (.not. allocated (subevtyprt)) then
call subevt_init (subevt, subevt_in)n_tot)
else
call subevt_reset (subevt, subevt_inJn_tot)
end if
subevt/prt (:subevt/n_tot) = subevt_in)prt(:subevtin_tot)
end subroutine subevt_assign

Fill contents

Store incoming/outgoing particles which are completely defined.
(Subevents: public)+=

public :: subevt_set_beam

public :: subevt_set_incoming
public :: subevt_set_outgoing
public :: subevt_set_composite

(Subevents: procedures)+=
subroutine subevt_set_beam (subevt, i, pdg, p, p2, src)
type(subevt_t), intent(inout) :: subevt
integer, intent(in) :: i
integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2
integer, dimension(:), intent(in), optiomal :: src
if (present (src)) then
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call prt_init_beam (subevtiprt(i), pdg, p, p2, src)
else
call prt_init_beam (subevtiprt(i), pdg, p, p2, (/ i /))
end if
end subroutine subevt_set_beam

subroutine subevt_set_incoming (subevt, i, pdg, p, p2, src)
type(subevt_t), intent(inout) :: subevt
integer, intent(in) :: i
integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2
integer, dimension(:), intent(in), optional :: src
if (present (src)) then
call prt_init_incoming (subevtyprt(i), pdg, p, p2, src)
else
call prt_init_incoming (subevtyprt(i), pdg, p, p2, (/ i /))
end if
end subroutine subevt_set_incoming

subroutine subevt_set_outgoing (subevt, i, pdg, p, p2, src)
type(subevt_t), intent(inout) :: subevt
integer, intent(in) :: i
integer, intent(in) :: pdg
type(vector4_t), intent(in) :: p
real(default), intent(in) :: p2
integer, dimension(:), intent(in), optional :: src
if (present (src)) then
call prt_init_outgoing (subevtyprt(i), pdg, p, p2, src)
else
call prt_init_outgoing (subevtiprt(i), pdg, p, p2, (/ i /))
end if
end subroutine subevt_set_outgoing

subroutine subevt_set_composite (subevt, i, p, src)

type(subevt_t), intent(inout) :: subevt
integer, intent(in) :: i
type(vector4_t), intent(in) :: p
integer, dimension(:), intent(in) :: src

call prt_init_composite (subevtiprt(i), p, src)
end subroutine subevt_set_composite

Separately assign flavors, simultaneously for all incoming/outgoing particles.
(Subevents: public)+=

public :: subevt_set_pdg_beam

public :: subevt_set_pdg_incoming

public :: subevt_set_pdg_outgoing

(Subevents: procedures)+=
subroutine subevt_set_pdg_beam (subevt, pdg)

type(subevt_t), intent(inout) :: subevt
integer, dimension(:), intent(in) :: pdg
integer :: i, j

j=1
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do i = 1, subevtyn_tot
if (subevtiprt(i)jtype == PRT_BEAM) then
call prt_set_pdg (subevtyprt(i), pdg(j))
j=3+1
if (j > size (pdg)) exit
end if
end do
end subroutine subevt_set_pdg_beam

subroutine subevt_set_pdg_incoming (subevt, pdg)

type(subevt_t), intent(inout) :: subevt
integer, dimension(:), intent(in) :: pdg
integer :: i, j

j=1

do i = 1, subevtin_tot
if (subevtiprt(i)%type == PRT_INCOMING) then
call prt_set_pdg (subevtiprt(i), pdg(j))
j=3+1
if (j > size (pdg)) exit
end if
end do
end subroutine subevt_set_pdg_incoming

subroutine subevt_set_pdg_outgoing (subevt, pdg)

type(subevt_t), intent(inout) :: subevt
integer, dimension(:), intent(in) :: pdg
integer :: i, j

j=1

do i = 1, subevtyn_tot
if (subevtlprt(i)%type == PRT_OUTGOING) then
call prt_set_pdg (subevtiprt(i), pdg(j))
j=3+1
if (j > size (pdg)) exit
end if
end do
end subroutine subevt_set_pdg_outgoing

Separately assign momenta, simultaneously for all incoming/outgoing particles.
(Subevents: public)+=

public :: subevt_set_p_beam

public :: subevt_set_p_incoming

public :: subevt_set_p_outgoing

(Subevents: procedures)+=
subroutine subevt_set_p_beam (subevt, p)

type(subevt_t), intent(inout) :: subevt
type(vector4_t), dimension(:), intent(in) :: p
integer :: i, j

j=1

do i = 1, subevtin_tot
if (subevtiprt(i)%type == PRT_BEAM) then
call prt_set_p (subevtiprt(i), p(j))
j=3j+1
if (j > size (p)) exit
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end if
end do
end subroutine subevt_set_p_beam

subroutine subevt_set_p_incoming (subevt, p)

type(subevt_t), intent(inout) :: subevt
type(vector4_t), dimension(:), intent(in) :: p
integer :: i, j

j=1

do i = 1, subevtyn_tot
if (subevtyprt(i)%type == PRT_INCOMING) then
call prt_set_p (subevtiprt(i), p(j))
j=3+1
if (j > size (p)) exit
end if
end do
end subroutine subevt_set_p_incoming

subroutine subevt_set_p_outgoing (subevt, p)

type(subevt_t), intent(inout) :: subevt
type(vector4_t), dimension(:), intent(in) :: p
integer :: i, j

j=1

do i = 1, subevtyn_tot
if (subevtiprt(i)%type == PRT_OUTGOING) then
call prt_set_p (subevtiprt(i), p(j))
j=i+1
if (j > size (p)) exit
end if
end do
end subroutine subevt_set_p_outgoing

Set polarization for an entry

(Subevents: public)+=
public :: subevt_polarize

(Subevents: procedures)+=
subroutine subevt_polarize (subevt, i, h)
type(subevt_t), intent(inout) :: subevt
integer, intent(in) :: i, h
call prt_polarize (subevtiprt(i), h)
end subroutine subevt_polarize

Accessing contents

Return true if the subevent has entries.
(Subevents: public)+=
public :: subevt_is_nonempty

(Subevents: procedures)+=
function subevt_is_nonempty (subevt) result (flag)
logical :: flag
type(subevt_t), intent(in) :: subevt
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flag = subevtyn_tot /= 0
end function subevt_is_nonempty

Return the number of entries

(Subevents: public)+=
public :: subevt_get_length

(Subevents: procedures)+=
function subevt_get_length (subevt) result (length)
integer :: length
type(subevt_t), intent(in) :: subevt
length = subevtyn_tot
end function subevt_get_length

Return a specific particle. The index is not checked for validity.

(Subevents: public)+=
public :: subevt_get_prt

(Subevents: procedures)+=
function subevt_get_prt (subevt, i) result (prt)
type(prt_t) :: prt
type(subevt_t), intent(in) :: subevt
integer, intent(in) :: i
prt = subevt¥%prt (i)
end function subevt_get_prt

(Subevents: interfaces)+=
interface c_prt
module procedure c_prt_from_subevt
module procedure c_prt_array_from_subevt
end interface

(Subevents: procedures)+=
function c_prt_from_subevt (subevt, i) result (c_prt)
type(c_prt_t) :: c_prt
type(subevt_t), intent(in) :: subevt
integer, intent(in) :: i
c_prt = c_prt_from_prt (subevtiprt(i))
end function c_prt_from_subevt

function c_prt_array_from_subevt (subevt) result (c_prt_array)
type(subevt_t), intent(in) :: subevt
type(c_prt_t), dimension(subevtyn_tot) :: c_prt_array
c_prt_array = c_prt_from_prt (subevtiprt(l:subevtin_tot))
end function c_prt_array_from_subevt

Operations with subevents

The join operation joins two subevents. When appending the elements of the
second list, we check for each particle whether it is already in the first list. If
yes, it is discarded. The result list should be initialized already.

321



If a mask is present, it refers to the second subevent.

mask is not set are discarded.

(Subevents: public)+=
public :: subevt_join

(Subevents: procedures)+=

subroutine subevt_join (subevt, pll, pl2, mask2)

type(subevt_t), intent(inout) :: subevt
type(subevt_t), intent(in) :: pll, pl2

logical, dimension(:), intent(in), optional ::

integer :: nl, n2, i, n
nl = plilin_tot
n2 = pl2%n_tot
call subevt_reset (subevt, nl + n2)
subevt/prt(:nl) = plilprt(:nl)
n = nl
if (present (mask2)) then
do i =1, pl2/n_tot
if (mask2(i)) then
if (disjoint (i)) then
n=n+1
subevtyprt(n) = pl2/prt(i)
end if
end if
end do
else
do i =1, pl2jn_tot
if (disjoint (i)) then
n=n+1
subevtyprt(n) = pl2)prt(i)

end if
end do
end if
subevt¥%n_tot = n
contains
function disjoint (i) result (flag)
integer, intent(in) :: i
logical :: flag
integer :: j

do j =1, pli/n_tot

Particles where the

mask?2

if (.not. are_disjoint (pliyprt(j), pl2%prt(i))) then

flag = .false.
return
end if
end do
flag = .true.
end function disjoint
end subroutine subevt_join

The combine operation makes a subevent whose entries are the result of adding
(the momenta of) each pair of particles in the input lists. We trace the particles
from which a particles is built by storing a src array. Each particle entry in the
src list contains a list of indices which indicates its building blocks. The indices
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refer to an original list of particles. Index lists are sorted, and they contain no
element more than once.

We thus require that in a given pseudoparticle, each original particle occurs
at most once.

(Subevents: public)+=
public :: subevt_combine

(Subevents: procedures)+=
subroutine subevt_combine (subevt, pll, pl2, mask12)
type(subevt_t), intent(inout) :: subevt
type(subevt_t), intent(in) :: plil, pl2
logical, dimension(:,:), intent(in), optional :: maskl2
integer :: mnl, n2, i1, i2, n, j
logical :: ok
nl = pliin_tot
n2 = pl2n_tot
call subevt_reset (subevt, nl * n2)
n=1
do i1 = 1, ni
do i2 = 1, n2
if (present (mask12)) then
ok = mask12(il1,i2)
else
ok = .true.
end if
if (ok) call prt_combine &
(subevthprt(n), pli%prt(il), pl2lprt(i2), ok)
if (ok) then
CHECK_DOUBLES: do j =1, n - 1
if (subevt)prt(n) .match. subevtyprt(j)) then
ok = .false.; exit CHECK_DOUBLES
end if
end do CHECK_DOUBLES
if (ok) n=n+1
end if
end do
end do
subevt¥n_tot = n - 1
end subroutine subevt_combine

The collect operation makes a single-entry subevent which results from combin-
ing (the momenta of) all particles in the input list. As above, the result does
not contain an original particle more than once; this is checked for each particle
when it is collected. Furthermore, each entry has a mask; where the mask is
false, the entry is dropped.

(Thus, if the input particles are already composite, there is some chance that
the result depends on the order of the input list and is not as expected. This
situation should be avoided.)

(Subevents: public)+=
public :: subevt_collect

(Subevents: procedures)+=
subroutine subevt_collect (subevt, pll, maskl)
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type(subevt_t), intent(inout) :: subevt
type(subevt_t), intent(in) :: pli

logical, dimension(:), intent(in) :: maskil
type(prt_t) :: prt
integer :: i

logical :: ok
call subevt_reset (subevt, 1)
subevt¥n_tot = 0
do i = 1, pli)n_tot
if (mask1(i)) then
if (subevt¥n_tot == 0) then
subevt¥%n_tot = 1
subevtyprt(1) = plijprt(i)
else
call prt_combine (prt, subevtiprt(1l), plilprt(i), ok)
if (ok) subevtlprt(1l) = prt
end if
end if
end do
end 