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Overview

This document has cov er age of

· up dates of some of the ex am ples in the fourth edi tion;

· up dates of some of the tim ing runs with cur rent ver sions of com pil ers (see the

com piler chap ter for in di vid ual  de tails);

· new ex am ples;

· ad di tional ma te rial aimed at peo ple at tend ing our courses, but also of use more

gen er ally;

The fourth edi tion is avail able at

https://www.fortranplus.co.uk/

This is our pri mary For tran site.

We will be pro vid ing the new and changed ma te rial in these notes, which will be avail able
from our web site.

The new ma te rial has examples il lus trat ing the fol low ing:

· call ing the C++ STL par al lel sort ing rou tines us ing C interop func tion al ity;

· add ing com mas to in te ger out put;

· Kahan sum ma tion;

· us ing the Win dows and Linux mem ory api rou tines us ing C interop fa cil i ties;

· us ing the Nvidia hpc toolkit and gpu pro gram ming us ing Nvidia gpus;

· us ing the Intel oneAPI toolkits;

· us ing the Intel oneAPI toolkit and par al lel pro gram ming;

· draft tem plate ex am ples based on pro pos als for the next For tran stan dard -

F202Y;

· ge neric sta tis tics mod ule sup port ing 16 bit reals;

· ge neric sta tis tics mod ule sup port ing 80 bit reals;

· ge neric sta tis tics mod ule sup port ing ar ray sizes larger than 2147483647 us ing 64 

bit in te gers;

· a new chap ter on com pil ers used with flags

· NAG;

· Intel;

· gfortran;

· Cray;

· Nvidia;

· Shell scripts for Linux and batch files for Win dows are

avail able which can be used to com pile the ex am ples with

your com piler. See this chap ter for more de tails.

· This chap ter also has re runs of some of the ex am ples from 

the fourth edi tion with the cur rent ver sions of com pil ers.
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· a new chap ter on development en vi ron ments including

· NAG For tran Builder;

· Microsoft Vi sual Stu dio;

· Microsoft Vi sual Code;

All files are avail able on our web sites. Our sec ond ary web site For tran home page is

https://www.rhymneyconsulting.co.uk/for tran/

The 4_edi tion_update.tar file con tains all of the orig i nal ex am ples, new ex am ples, and a
copy of these notes. A spreadsheet is also avail able covering ad di tional in for ma tion about
the fourth edi tion ex am ples and new ex am ples. Two ad di tional tabs are avail able in the
spread sheet giv ing de tails of mod ule us age, and in clude file us age.

Ac knowl edge ments

One of the places where ideas for new or up dated ex am ples co mes from are the peo ple we
teach. 

Thanks to ev ery one we've taught since the pub li ca tion of the fourth edi tion for their in put.

At ten dees at the course in May 2023 in clude Ryan, Char lotte, Dimitrios, Lianne, Benjamin,
Veryan, Lucy and Lucy. Thanks for your com ments.

Re cent his tory

De cem ber 2023

· Added a sta tis tics mod ule that sup ports 80 bit reals - gfortran only;

· Added a sta tis tics mod ule that sup ports 16 bit reals - nag only;

No vem ber and De cem ber 2023

· Up dated the Intel oneAPI chap ter with de tails of the 2024 re lease. This re lease

pro vides sup port for Nvidia gpu pro gram ming.

· Up dated the com piler chap ter with up dated tim ing for ch3801, ch3802, ch3803

and ch3806 with cur rent com pil ers;

Oc to ber and No vem ber 2023

· up dated shell scripts and batch files that com pile the ex am ples;

· added draft tem plate ex am ples based on pro pos als for the next stan dard F202Y

· up dated chap ter 38 ex am ple 6 with ad di tional ta bles for runs on two more hard -

ware plat forms and for ad di tional com pil ers;

· re or gani sa tion of chap ters and ex am ples.

June 2023

· spell ing check;

· Up dated the C interop chap ter to have de tails of cur rent com pi la tion op tions.

Intel cur rently of fer 2 For tran com pil ers and 2 C++ com pil ers, and we have de -

tails of the 4 com bi na tions pos si ble. 

· Up dated the com pil ers used chap ter to have de tails of cur rent com piler ver sions

and op tions.
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· Added new ex am ple to the pointer chap ter look ing at mem ory al lo ca tion for ar -

rays by ar ray type and by com piler.
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‘The first thing we do, let’s kill all the lan guage law yers.’

Henry VI, part II

1 Fourth edition changes
1.1 Introduction

Here is the list of chap ters with changes:

· Gen eral changes

· Added use of the two iso_for tran_env func tions com -

piler_ver sion() and com piler_op tions() to some ex am ples.

· Several new chap ters. More de tails are given be low.

· Chap ter 43 - New mod ule to add com mas to in te gers when 

print ing. The orig i nal ver sion only han dled 64 bit in te gers. 

The cur rent ver sion han dles 32 and 64 bit in te gers, and

neg a tive in te gers.

· Chapter 43 - New ex am ple il lus trat ing Kahan sum ma tion,

with tim ing.

· Chap ter 44 - New C interop ex am ple which pro vides func -

tion ac cess to the Win dows API for mem ory us age -

GlobalMemoryStatusEx func tion which is in sysinfoapi.h

· Chap ter 44 - New C interop ex am ple which pro vides func -

tion ac cess to the Linux API for mem ory us age - pro vided

in the <sys/sysinfo.h> header file.

· Chap ter 44 - Two mod i fied Kahan sum ma tion ex am ple il -

lus trat ing the use of the mem ory api func tions on Win -

dows and Linux.

· Chap ter 44 - 2 ex am ples il lus trat ing mem ory leaks un der

Win dows and Linux.

· Chap ter 45 - Ba sic cov er age of the Nvidia HPC toolkit

and gpu pro gram ming. There are several ex am ples on us -

ing an Nvidia gpu with tim ing fig ures.

· Chap ter 46 - Ba sic in tro duc tion to the Intel oneapi toolkits. 
No ex am ples at this time.

· Chap ter 47 - Two ex am ples of ge neric sort ing mod ules us -

ing syn tax from the For tran 202Y stan dard. The first is

based on a pro posal from Ja pan, and the sec ond is based

on a pro posal from a J3 work group. These are drafts.

· 1 - Over view - None

· 2 - In tro duc tion to Prob lem Solv ing - None

· 3 - In tro duc tion to pro gram ming lan guages - None

10 Fourth edition changes
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· 4 - In tro duc tion to pro gram ming - None

· 5 - Arith me tic

· Added an ex am ple in chap ter 5 about the use of un de fined 

vari ables. 

· Added cov er age of the NAG com piler flag -C=un de fined

and the Intel flag /Qtrapuv

· Mod i fied ch0504p.f90 to cal cu late in sec onds.

· 6 - Ar rays 1: Some Fun da men tals

· Added a prob lem in chap ter 6 about the use of an un de -

fined value, and a re peat of the use of the NAG and Intel

flags.

· 7 - Ar rays 2: Fur ther Ex am ples - None

· 8 - Whole Ar ray and Ad di tional Ar ray Fea tures

· Added a new 3 d re shape ex am ple.

· 9 - Out put of Re sults - None

· 10 - Read ing in data - None

· 11 - Sum mary of I/O con cepts - None

· 12 - Func tions - None

· 13 - Con trol Struc tures and ex e cu tion con trol

· Added an ex plicit for ward ref er ence in chap ter 13 to the

do con cur rent ex am ple ch3305.f90 in the openMP chap ter.

· 14 - Char ac ters - None

· 15 - Com plex - None

· 16 - Log i cal - None

· 17 - In tro duc tion to De rived Types

· Added an ex am ple in chap ter 17 show ing de fault con struc -

tor us age.

· 18 - An In tro duc tion to Point ers

· Ad di tional cov er age of the dif fer ences be tween vari able

and pointer sta tus types

· De leted ex am ple seven

· Du pli cated ver sions of the first six ex am ples to use the

c_loc c interop func tion to pro vide de tails of what is hap -

pen ing be hind the scenes. 

· New ex am ple look ing at where ar rays are al lo cated in

memory

· 19 - In tro duc tion to Sub rou tines - None

· 20 - Sub rou tines: 2 - None
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· 21 - Mod ules - None

· 22 - Data struc tur ing in For tran

· Added three new ex am ples to chap ter 22.

· The first 2 are re writes of the linked list ex am ples to use

allocatable com po nents rather than point ers. 

· The third linked list ex am ple re moves pointer us age al to -

gether and uses move_alloc.

· 23 - An In tro duc tion to Al go rithms and the Big O no ta tion - None

· 24 - Op er a tor over load ing - None

· 25 - Ge neric pro gram ming

· added 2 new ex am ples

· ge neric stats mod ule with 16 bit sup port - Nag only

· ge neric stats mod ule with 80 bit sup port - gfortran only

· 26 - Math e mat i cal and nu mer i cal ex am ples - None

· 27 - Parameterised de rived types (PDTs) in For tran - None

· 28 - In tro duc tion to Ob ject Ori ented Pro gram ming - None

· 29 - Ad di tional Ob ject Ori ented ex am ples - None

· 30 - In tro duc tion to submodules - None

· 31 - In tro duc tion to par al lel pro gram ming - None

· 32 - MPI - Mes sage Pass ing In ter face - None

· 33 - OpenMP - None

· 34 - Coarray For tran - None

· 35 - C Interop

· Added an ex am ple of pass ing a one d <vec tor> from C++

to For tran. Idea came from some of the peo ple from the

UK Met Of fice at tend ing a For tran course in June 2022.

Many thanks. 

· Added an ex am ple of pass ing a one d <ar ray> for com -

plete ness.

· 36 - IEEE Arith me tic

· Ad di tional ex pla na tion in chap ter 36 (IEEE arith me tic) of

ex am ple ch3605 show ing in cor rect sum ma tion by the Intel 

com piler.

· Ad di tional ma te rial in the IEEE chap ter to bring it up to

date with the lat est IEEE stan dards.

· 37 - De rived type I/O - None

· 38 - Sort ing and search ing

12 Fourth edition changes
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· New sort ing ex am ple call ing the C++ STL par al lel sort ing

rou tines from For tran.

· 39 - Han dling miss ing data in sta tis tics cal cu la tions

· Up dated C# ex am ple in chap ter 39 to get the Met Of fice

sta tion files

· Added new Py thon pro gram to get the Met Of fice sta tion

files.

· New ex am ple do ing miss ing data cal cu la tions us ing IEEE

nans in chap ter 39. 

This in volves mul ti ple ver sions of some of the files.

· Added ad di tional ex pla na tion in chap ter 39 to cover the

spe cial pro cess ing re quired for the 3 closed sta tions

· 40 - Con vert ing from For tran 77 - None

· 41 - Graphics li brar ies - sim ple dislin us age - None

· 42 - Ab stract in ter faces and pro ce dure point ers - None

· 43 - Mis cel la neous ad di tional ex am ples - New chap ter

· 44 - 6 new ex am ples us ing the Win dows and Linux mem ory apis.

· 45 - New chap ter on GPU pro gram ming us ing Nvidia GPUs. There are cur rently 

6 Nvidia GPU ex am ples.

· 46 - New chap ter on the Intel oneapi toolkit. No ex am ples at this time.

· 47 - Two draft ge neric sort ing mod ules based on pro posed syn tax from the For -

tran 202Y draft stan dard.

1.2 Ex am ple list

A separate spread sheet is avail able which doc u ments all of the ex am ples from the 4th edi -
tion, in cludes the new ex am ples from the 4th edi tion up date and has sum mary in for ma tion
on mod ule us age for each ex am ple. It is in cluded in the tar file.

1.3 Com pil ing the ex am ples

We have writ ten a set of Win dows batch files and shell scripts to com pile the ex am ples. A
later chap ter has more in for ma tion, and the tar file con tains the var i ous batch files and shell 
scripts. 

Fourth edition changes 13
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2 Arith me tic
2.1 Chap ter 5 ex am ple 18: us ing un-in itial ised variables

The For tran stan dard has the fol low ing def i ni tions

· data ob ject - ob ject, con stant, vari able, or subobject of a con stant

· de fined - data ob ject has a valid value

· un de fined - data ob ject does not have a valid value

If a pro gram does not pro vide an ini tial value (in a type state ment) for a vari able then its
sta tus is said to be un de fined. 

Con sider the fol low ing ex am ple, which is a vari a tion on ex am ple 2 from chap ter 4.

pro gram ch0518
!
! Up dated ver sion of
! ch0402
!
  im plicit none
!
! de fined   - data ob ject - has a valid value
!
! un de fined - data ob ject - does not have a valid value
!

  real    :: n1
  real    :: n2
  real    :: n3
  real    :: av er age
  real    :: to tal
  in te ger :: n = 3

  print *,' Vari ables have not been as signed val ues'

  print *,n1
  print *,n2
  print *,n3
  print *,av er age
  print *,to tal

  n1      = 1
  n2      = 2
  n3      = 3

  to tal   = n1 + n2 + n3
  av er age = to tal / n

  print *, 'To tal of num bers is ', to tal
  print *, 'Av er age of the num bers is ', av er age
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end pro gram

Vari ables n1, n2, n3, to tal and av er age all have un de fined sta tus. The use of vari ables with
un de fined sta tus is  pro ces sor de pend ent. Care must be taken when writ ing pro grams to en -
sure that your vari ables have a de fined sta tus wher ever pos si ble. We look at this topic in
sev eral sub se quent sec tions.

2.2 Com puter hard ware and real and in te ger arith me tic in the 1970's
and 1980's 

We started work ing in com puter ser vices in the Uni ver sity of Lon don in the 1970's. Here
are some of the com puter sys tems that were in use in the 70's and 80's.

2.2.1 CDC

These sys tems were avail able at Im pe rial Col lege and the Uni ver sity of Lon don Com puter
Cen tre.

The information is taken from

· As sem bly Lan guage Pro gram ming, Ralph Grishman, Algorithmics Press.

and

https://en.wikipedia.org/wiki/CDC_6600

Word size 60 bit

In te ger 48 bit, one's com ple ment

Real 60 bit, sign bit, 11 bit ex po nent, 48 bit man tissa

Dou ble pre ci sion 120 bit, 96 bit man tissa

2.2.2 Cray

These sys tems were avail able at the Uni ver sity of Lon don Com puter Cen tre.
In for ma tion is taken from

https://en.wikipedia.org/wiki/Cray-1

Word size 64 bit

In te ger

Real 64 bit

Dou ble pre ci sion 128 bit

2.2.3 ICL - 1900 series

In for ma tion is taken from

https://en.wikipedia.org/wiki/ICT_1900_se ries

Word size 24

In te ger Sin gle length, 24 bit two's com ple ment
Multi-length, 24 bit first word, sec ond and sub se quent 23 bit

Real two words hold ing a 24 bit man tissa and 9 bit ex po nent

Dou ble pre ci sion two words hold ing a 38 bit man tissa and 9 bit ex po nent

Ad di tional pre ci sion 4 words hold ing a 75 bit man tissa and 9 bit exponent

2.2.4 IBM

In for ma tion is taken from
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https://en.wikipedia.org/wiki/IBM_Sys tem/
360_ar chi tec ture#Data_for mats

Word size 32

In te ger two's com ple ment bi nary halfword or fullword val ues.

Real 32 bit

Dou ble pre ci sion 64 bit

Ad di tional pre ci sion The 360/85 and 360/195 also sup port 128 bit 
ex tended pre ci sion float ing point num bers

For all three for mats, bit 0 is a sign and bits 0-7 are a char ac ter is tic (ex po nent, bi ased by
64). Bits 8-31 (8-63) are a hex a dec i mal frac tion. For ex tended pre ci sion, the low or der
doubleword has its own sign and char ac ter is tic

2.2.5 DEC VAX

The in for ma tion is taken from

https://nssdc.gsfc.nasa.gov/nssdc/for mats/VAXFloatingPoint.htm

There are 4 float ing point for mats.

· F_float ing point num bers have the range of ap prox i mately plus or mi nus 2.9E-39 

to plus or mi nus 1.7E+38, with a pre ci sion of ap prox i mately seven dec i mal dig -

its.

· D_float ing point num bers have the range of ap prox i mately plus or mi nus
2.9E-39 to plus or mi nus 1.7E+38, with a pre ci sion of ap prox i mately 16 dec i mal 

dig its. 

· G_float ing point num bers have the range of ap prox i mately plus or mi nus

5.6E-309 to plus or mi nus 0.9E+308, with a pre ci sion of ap prox i mately 15 dec i -

mal dig its.  The ex po nent has a bias of 1024 (not 128).

· H_float ing point num bers have the range of ap prox i mately plus or mi nus

8.4E-4933 to plus or mi nus 5.9E+4931, with a pre ci sion of ap prox i mately 33

dec i mal dig its.  The ex po nent has a bias of 16384 (not 1024).

Word size 32 bits

In te ger 32 bits

Real See above

Dou ble pre ci sion See above

2.3 Chap ter 5 ex am ple 19: Us ing the kind query func tions and test ing
for 16 bit real support

The For tran 90 stan dard in tro duced a va ri ety of kind query func tions. Here is a mod ule that 
il lus trates the use of the in te ger kind query func tions.

mod ule in te ger_kind_mod ule
  im plicit none
  in te ger, pa ram e ter :: i8   = se lected_int_kind(2)
  in te ger, pa ram e ter :: i16  = se lected_int_kind(4)
  in te ger, pa ram e ter :: i32  = se lected_int_kind(9)
  in te ger, pa ram e ter :: i64  = se lected_int_kind(15)
end mod ule
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Here is our cur rent equiv a lent for real types.

mod ule pre ci sion_mod ule
  im plicit none
! 
! Up dated with the re lease of NAG 7 which
! sup ports 16 bit reals.
! 
! sin gle, dou ble, quad nam ing used by lapack.
! hence sp, dp, qp
!
! we have used hp as half pre ci sion
!
  in te ger, pa ram e ter :: hp = se lected_real_kind( 3,   4)
  in te ger, pa ram e ter :: sp = se lected_real_kind( 6,  37)
  in te ger, pa ram e ter :: dp = se lected_real_kind(15, 307)
  in te ger, pa ram e ter :: qp = se lected_real_kind(30, 291)
end mod ule

2.4 Prob lems

Com pile and run this ex am ple with the com pil ers you have ac cess to.
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3 Whole array and additional array
features

The idea for this ex am ple came from a course given to the Met Of fice in May 2023. 

Con sider a 3 d cube. 

The data in the front face of the cube is
            1          2          3
            4          5          6
            7          8          9

and the data in the mid dle of the cube is
            10        11        12
            13        14        15
            16        17        18

and the data in the back plane of the cube is
            19        20        21
            22        23        24
            25        26        27

Here is a table il lus trat ing some of the fea tures of a 3 by 3 cube., where we have added the
in di ces for each cube el e ment.

Front z=1 y x 1 2 3

data 1 1 2 3

in di ces 1,1,1 2,1,1 3,1,1

data 2 4 5 6

in di ces 1,2,1 2,2,1 3,2,1

data 3 7 8 9

in di ces 1,3,1 2,3,1 3,3,1

Mid dle z=2 y x 1 2 3

data 1 10 11 12

in di ces 1,1,2 2,1,2 3,1,2

data 2 13 14 15

in di ces 1,2,2 2,2,2 3,2,2

data 3 16 17 18
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in di ces 1,3,2 2,3,2 3,3,2

Back z=3 y x 1 2 3

data 1 19 20 21

in di ces 1,1,3 2,1,3 3,1,3

data 2 22 23 24

in di ces 1,2,3 2,2,3 3,2,3

data 3 25 26 27

in di ces 1,3,3 2,3,3 3,3,3

Given a 1 d ar ray we can use re shape to pop u late the 3 d ar ray.

3.1 Chap ter 8 ex am ple 14: re shape and a 3 d array

Here is the source code

pro gram ch0814
  im plicit none
  in te ger , pa ram e ter :: nx=3
  in te ger , pa ram e ter :: ny=3
  in te ger , pa ram e ter :: nz=3
  
  in te ger             :: x,y,z
  in te ger             :: I
  
  in te ger , di men sion(1:nx*ny*nz)     :: one_d = [
(i,i=1,nx*ny*nz) ]
  
  in te ger , di men sion(1:nx,1:ny,1:nz) :: three_d=0
  char ac ter (20) , di men sion(3)       :: cube_plane = (/ '
Front  ' ,&
               ' Mid dle ' ,&
               ' Back   ' /)
  
  print *,' '
  print *,' One di men sion ar ray or der'
  print *,' '
  print *,one_d
  print *,'de fault'
  print *,' '
  three_d = re shape(one_d,(/nx,ny,nz/))
  do z=1,3

20 Whole array and additional array features

Chap ter 3 © Ian D Chivers & Jane Sleightholme



    print *,cube_plane(z)
    print *,' '
    do x=1,3
      print 10,three_d(x,1:ny,z)
      10 for mat(10x,3(1x,i2))
    end do
    print *,' '
  end do
  three_d = re shape(one_d,(/nx,ny,nz/),or der=(/1,2,3/))
  print *,'1 * 2 * 3'
  print *,' '
  do z=1,3
    print *,cube_plane(z)
    print *,' '
    do x=1,3
      print 10,three_d(x,1:ny,z)
    end do
    print *,' '
  end do
  three_d = re shape(one_d,(/nx,ny,nz/),or der=(/1,3,2/))
  print *,'1 * 3 * 2'
  print *,' '
  do z=1,3
    print *,cube_plane(z)
    print *,' '
    do x=1,3
      print 10,three_d(x,1:ny,z)
    end do
    print *,' '
  end do
  three_d = re shape(one_d,(/nx,ny,nz/),or der=(/2,1,3/))
  print *,'2 * 1 * 3'
  print *,' '
  do z=1,3
    print *,cube_plane(z)
    print *,' '
    do x=1,3
      print 10,three_d(x,1:ny,z)
    end do
    print *,' '
  end do
  three_d = re shape(one_d,(/nx,ny,nz/),or der=(/2,3,1/))
  print *,'2 * 3 * 1'
  print *,' '
  do z=1,3
    print *,cube_plane(z)
    print *,' '
    do x=1,3
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      print 10,three_d(x,1:ny,z)
    end do
    print *,' '
  end do
  three_d = re shape(one_d,(/nx,ny,nz/),or der=(/3,1,2/))
  print *,'3 * 1 * 2'
  print *,' '
  do z=1,3
    print *,cube_plane(z)
    print *,' '
    do x=1,3
      print 10,three_d(x,1:ny,z)
    end do
    print *,' '
  end do
  three_d = re shape(one_d,(/nx,ny,nz/),or der=(/3,2,1/))
  print *,'3 * 2 * 1'
  print *,' '
  do z=1,3
    print *,cube_plane(z)
    print *,' '
    do x=1,3
      print 10,three_d(x,1:ny,z)
    end do
    print *,' '
  end do
end pro gram ch0814

Here is the out put.

  
  One di men sion ar ray or der
  
 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
 de fault
  
  Front              
  
            1  4  7
            2  5  8
            3  6  9
  
  Mid dle             
  
           10 13 16
           11 14 17
           12 15 18
  
  Back               
  
           19 22 25
           20 23 26
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           21 24 27
  
 1 * 2 * 3
  
  Front              
  
            1  4  7
            2  5  8
            3  6  9
  
  Mid dle             
  
           10 13 16
           11 14 17
           12 15 18
  
  Back               
  
           19 22 25
           20 23 26
           21 24 27
  
 1 * 3 * 2
  
  Front              
  
            1 10 19
            2 11 20
            3 12 21
  
  Mid dle             
  
            4 13 22
            5 14 23
            6 15 24
  
  Back               
  
            7 16 25
            8 17 26
            9 18 27
  
 2 * 1 * 3
  
  Front              
  
            1  2  3
            4  5  6
            7  8  9
  
  Mid dle             
  
           10 11 12
           13 14 15
           16 17 18
  
  Back               
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           19 20 21
           22 23 24
           25 26 27
  
 2 * 3 * 1
  
  Front              
  
            1  2  3
           10 11 12
           19 20 21
  
  Mid dle             
  
            4  5  6
           13 14 15
           22 23 24
  
  Back               
  
            7  8  9
           16 17 18
           25 26 27
  
 3 * 1 * 2
  
  Front              
  
            1 10 19
            4 13 22
            7 16 25
  
  Mid dle             
  
            2 11 20
            5 14 23
            8 17 26
  
  Back               
  
            3 12 21
            6 15 24
            9 18 27
  
 3 * 2 * 1
  
  Front              
  
            1  4  7
           10 13 16
           19 22 25
  
  Mid dle             
  
            2  5  8
           11 14 17
           20 23 26
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  Back               
  
            3  6  9
           12 15 18
           21 24 27
  

Here is a ta ble sum ma ris ing the out put.

 de fault  1 * 2 * 3  1 * 3 * 2  2 * 1 * 3  2 * 3 * 1  3 * 1 * 2  3 * 2 * 1

              

  1  4  7   1  4  7   1 10 19   1  2  3   1  2  3   1 10 19   1  4  7

  2  5  8   2  5  8   2 11 20   4  5  6  10 11 12   4 13 22  10 13 16

  3  6  9   3  6  9   3 12 21   7  8  9  19 20 21   7 16 25  19 22 25

              

 10 13 16  10 13 16   4 13 22  10 11 12   4  5  6   2 11 20   2  5  8

 11 14 17  11 14 17   5 14 23  13 14 15  13 14 15   5 14 23  11 14 17

 12 15 18  12 15 18   6 15 24  16 17 18  22 23 24   8 17 26  20 23 26

              

 19 22 25  19 22 25   7 16 25  19 20 21   7  8  9   3 12 21   3  6  9

 20 23 26  20 23 26   8 17 26  22 23 24  16 17 18   6 15 24  12 15 18

 21 24 27  21 24 27   9 18 27  25 26 27  25 26 27   9 18 27  21 24 27

So there are 6 ways or per mu ta tions in fill ing the 3 d ar ray from the 1 d ar ray. The re shape
in trin sic is a very pow er ful way of trans fer ring data be tween ar rays.

3.2 Prob lems

Com pile and run this ex am ple.
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4 In tro duc tion to de rived types
In itial is ation us ing con struc tors was miss ing from ear lier edi tions.

4.1 Chap ter 17 ex am ple 5: De rived type con struc tor us age

Here is the source code

mod ule date_mod ule

  type date

    in te ger :: day = 1
    in te ger :: month = 1
    in te ger :: year = 2000

  end type

end mod ule

pro gram ch1705

  use date_mod ule

  im plicit none

! Initialisation via de rived type def i ni tion

  type (date) :: d1

! Intialisation via de fault com piler
! pro vided con struc tor at
! dec la ra tion time

  type (date) :: d2=date(11,2,1952)

  print *, d1%day, d1%month, d1%year
  print *, d2%day, d2%month, d2%year

! Intialisation via de fault com piler
! pro vided con struc tor at
! run time

  d1=date(1,3,1956)

  print *, d1%day, d1%month, d1%year

end pro gram
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5 In tro duc tion to point ers
5.1 Ad di tional tech ni cal background

A pointer is a vari able that has the pointer at trib ute. A pointer is as so ci ated with a tar get by
al lo ca tion or pointer as sign ment. A pointer be comes as so ci ated as fol lows:

· The pointer is al lo cated as the re sult of the suc cess ful ex e cu tion of an al lo cate

state ment ref er enc ing the pointer

or

· The pointer is pointer-as signed to a tar get that is as so ci ated or is spec i fied with

the tar get at trib ute and, if allocatable, is cur rently al lo cated.

A pointer may have a pointer as so ci a tion sta tus of 

· as so ci ated

· dis as so ci ated

· un de fined

Its as so ci a tion sta tus may change dur ing ex e cu tion of a pro gram. Un less a pointer is in itial -
ised (ex plic itly or by de fault), it has an ini tial as so ci a tion sta tus of un de fined. A pointer
may be in itial ised to have an as so ci a tion sta tus of dis as so ci ated.

A pointer shall nei ther be ref er enced nor de fined un til it is as so ci ated. A pointer is dis as so -
ci ated fol low ing ex e cu tion of a deallocate or nul lify state ment, fol low ing pointer as so ci a tion 
with a dis as so ci ated pointer, or ini tially through pointer in itial is ation.

Ex am ples 1 through 6 high lights some of these is sues.

5.2 New ex am ples

There are six new ex am ples in this chap ter that use the c_loc func tion from the C interop
fa cil i ties of For tran. You can now see what is hap pen ing be hind the scenes with ex am ples 1 
to 6 with your com piler.

5.3 Chap ter 18 ex am ple 8: du pli cate of ex am ple 1 us ing c_loc to show 
mem ory usage

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'

pro gram ch1807

  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none
  type    (c_ptr)  :: x
  in te ger (i64)    :: x_ad dress
  in te ger, pointer :: a => null(), b => null()
  in te ger, tar get  :: c
  in te ger, tar get  :: d

  c = 1
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  a => c
  c = 2
  b => c
  d = a + b
  print *, a, b, c, d

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(b)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(c)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = clack(d)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

end pro gram

Here is some sam ple out put from the NAG com piler un der Win dows.

 2 2 2 4
 4219008
 4219008
 4219008
 4219032

5.4 Chap ter 18 ex am ple 9: du pli cate of ex am ple 2 us ing c_loc to show 
mem ory us age

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'

pro gram ch1808

  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none
  type    (c_ptr)  :: x
  in te ger (i64)    :: x_ad dress
  in te ger, pointer :: a => null(), b => null()
  in te ger, tar get  :: c
  in te ger, tar get  :: d

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
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  x = c_loc(b)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(c)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(d)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

  print *, as so ci ated(a)
  print *, as so ci ated(b)
  c = 1
  a => c
  c = 2
  b => c
  d = a + b
  print *, a, b, c, d
  print *, as so ci ated(a)
  print *, as so ci ated(b)

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(b)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(c)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(d)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
end pro gram

Here is some sam ple out put from the NAG com piler un der Win dows.

 0
 0
 4219856
 4219860
 F
 F
 2 2 2 4
 T
 T
 4219856
 4219856
 4219856
 4219860
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5.5 Chap ter 18 ex am ple 10: du pli cate of ex am ple 3 us ing c_loc to
show mem ory us age

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'

pro gram ch1809

  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none
  type    (c_ptr)  :: x
  in te ger (i64)    :: x_ad dress
  in te ger, pointer :: a => null(), b => null()
  in te ger, tar get  :: c
  in te ger, tar get  :: d

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(b)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(c)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(d)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

  print *, a
  print *, b

  c = 1
  a => c
  c = 2
  b => c
  d = a + b
  print *, a, b, c, d

end pro gram

Here is some sam ple out put from the NAG com piler un der Win dows with the -C=all flag.

 0
 0
 4219856
 4219860
Runtime Er ror: ch1809.f90, line 28: Ref er ence to dis as so ci ated POINTER A
Pro gram ter mi nated by fa tal er ror
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5.6 Chap ter 18 ex am ple 11: du pli cate of ex am ple 4 us ing c_loc to
show mem ory us age

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'

pro gram ch1810

  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none
  type    (c_ptr)  :: x
  in te ger (i64)    :: x_ad dress
  in te ger, pointer :: a => null(), b => null()
  in te ger, tar get  :: c
  in te ger, tar get  :: d

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

  al lo cate (a)

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

  a = 1
  c = 2
  b => c
  d = a + b
  print *, a, b, c, d
  deallocate (a)

end pro gram

Here is some sam ple out put from the NAG com piler un der Win dows.

 0
 141819904
 1 2 2 3

5.7 Chap ter 18 ex am ple 12: du pli cate of ex am ple 5 us ing c_loc to
show mem ory us age

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'

pro gram ch1811
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  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none
  type    (c_ptr)  :: x
  in te ger (i64)    :: x_ad dress
  in te ger, pointer :: a => null(), b => null()
  in te ger, tar get  :: c
  in te ger, tar get  :: d

  al lo cate (a)
  al lo cate (b)

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(b)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

  a = 100
  b = 200

  print *, a, b
  c = 1
  a => c
  c = 2
  b => c
  d = a + b
  print *, a, b, c, d

  x = c_loc(a)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(b)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(c)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress
  x = c_loc(d)
  x_ad dress = trans fer(x,x_ad dress)
  print *,x_ad dress

end pro gram

Here is some sam ple out put from the NAG com piler un der Win dows.

 141819904
 141819920
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 100 200
 2 2 2 4
 4219848
 4219848
 4219848
 4219852

5.8 Chap ter 18 ex am ple 13: du pli cate of ex am ple 6 us ing c_loc to
show mem ory us age

Not avail able at this time.

5.9 Chap ter 18 ex am ple 14: ex am ples of where in mem ory com pil ers
al lo cate ar rays

This ex am ple looks at where in mem ory com pil ers al lo cate ar rays. 

Here is the pro gram source.

!
! Ex am ple to show ar ray mem ory al lo ca tion
! us ing a range of com pil ers.
! We have sev eral types of ar ray
!
! 1.0 main pro gram ar ray
!
! 1.1 dy namic al lo ca tion in the main pro gram
! 
! 2.0 au to matic al lo ca tion in a sub rou tine
!
! 3.0 dy namic al lo ca tion in a subroutime
!

in clude 'in te ger_kind_mod ule.f90'

pro gram ch1811

  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none

  in te ger , pa ram e ter                           :: n =
1024 * 1024
  in te ger                                       :: i
  in te ger , di men sion(n) , tar get               :: y 
  in te ger , di men sion(:) , allocatable , tar get :: z

  type    (c_ptr)  :: x
  in te ger (i64)    :: ad dress_as_in te ger

  do i=1,n
    y(i)=i
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  end do

  x = c_loc(y)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 10,ad dress_as_in te ger
  10 for mat(' Main pro gram nor mal ar ray      ',i20)

  al lo cate(z(n))

  z=y

  x = c_loc(z)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 20,ad dress_as_in te ger
  20 for mat(' Main pro gram allocatable ar ray ',i20)

  call au to matic_ar ray(n)

  call allocatable_ar ray(n)

end pro gram

sub rou tine au to matic_ar ray(n)

  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none

  in te ger , in tent(in) :: n
  in te ger , di men sion(n) , tar get :: z 
  in te ger :: i

  type    (c_ptr)  :: x
  in te ger (i64)    :: ad dress_as_in te ger

  do i=1,n
    z(i)=i
  end do

  x = c_loc(z)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 10,ad dress_as_in te ger
  10 for mat(' Sub rou tine au to matic ar ray     ',i20)

end sub rou tine

sub rou tine allocatable_ar ray(n)
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  use iso_c_bind ing
  use in te ger_kind_mod ule

  im plicit none

  in te ger , in tent(in) :: n
  in te ger , di men sion(:) , allocatable , tar get :: z
  in te ger :: i

  type    (c_ptr)  :: x
  in te ger (i64)    :: ad dress_as_in te ger

  al lo cate(z(n))

  do i=1,n
    z(i)=i
  end do

  x = c_loc(z)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 10,ad dress_as_in te ger
  10 for mat(' Sub rou tine allocatable ar ray   ',i20)
  
end sub rou tine

Here are some of the re sults
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Nag com piler Win dows

 Main pro gram nor mal ar ray                   4227392
 Main pro gram allocatable ar ray            150405120
 Sub rou tine au to matic ar ray                154599424
 Sub rou tine allocatable ar ray              158793728

Nag com piler linux

 Main pro gram nor mal ar ray            94570468184928
 Main pro gram allocatable ar ray      140053911683072
 Sub rou tine au to matic ar ray          140053907488768
 Sub rou tine allocatable ar ray        140053903294464

Intel com piler Win dows

 Main pro gram nor mal ar ray           140699484659136
 Main pro gram allocatable ar ray        1988156821584
 Sub rou tine au to matic ar ray            1988161052752
 Sub rou tine allocatable ar ray          1988161073232

On this plat form you need the /heap-ar rays com piler op tion.

Intel com piler linux

 Main pro gram nor mal ar ray                   4794208
 Main pro gram allocatable ar ray      139866881916960
 Sub rou tine au to matic ar ray          140736758817280
 Sub rou tine allocatable ar ray        139866877657120

gfortran com piler Win dows

NA at this time.

gfortran com piler linux

 Main pro gram nor mal ar ray                   4210848
 Main pro gram allocatable ar ray      140269146931216
 Sub rou tine au to matic ar ray          140269142671376
 Sub rou tine allocatable ar ray               37194496

nvidia com piler linux

 Main pro gram nor mal ar ray                   4211232
 Main pro gram allocatable ar ray      139971260514336
 Sub rou tine au to matic ar ray          139971256254496
 Sub rou tine allocatable ar ray               23164480
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5.10 Prob lems

Com pile and run these ex am ples and ex am ine the out put with your com piler.
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6 Data struc tur ing in For tran
Un der cer tain cir cum stances it is pos si ble to re place the use of point ers with allocatable
com po nents. Gar bage col lec tion is now au to matic. 

6.1 Chap ter 22 ex am ple 8: Re write of ex am ple 1 to use allocatable
com po nents rather than pointers

Here is the source code.

mod ule char ac ter_list_mod ule
  type char ac ter_list
    char ac ter (len=1) :: x
    type (char ac ter_list), allocatable :: next 
  end type
end mod ule

pro gram ch2208

  use char ac ter_list_mod ule
  im plicit none

  char ac ter (len=80) :: fname
  in te ger :: io_stat_num ber = 0

  char ac ter                                    :: x
  type (char ac ter_list) , allocatable , tar get :: list
  type (char ac ter_list) , pointer              :: cur rent
=>null()
  type (char ac ter_list) , pointer              :: root    
=>null()

  in te ger :: I = 0, n
  char ac ter (len=:), allocatable :: string

  fname='ch2208.f90'
  open ( unit=1 , file=fname , sta tus='old' )

  do

    read (unit=1 , fmt='(a)' , ad vance='no' ,
iostat=io_stat_num ber) x

    if ( io_stat_num ber /= -1 ) then

      if (as so ci ated(cur rent)) then
        al lo cate ( cur rent%next , source = char ac -
ter_list(x) )
        cur rent => cur rent%next
        i=i+1
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      else if ( .not.as so ci ated(cur rent) ) then
        ! First data item, need to an chor the root
        al lo cate ( list         , source = char ac -
ter_list(x) )
        cur rent => list
        root    => list
        I = I + 1
      end if

    else

      exit

    endif

  end do

  print *, I, ' char ac ters read'

  n = I
  al lo cate (char ac ter(len=n) :: string)
  cur rent => root
  do i=1,n
    string(i:i) =  cur rent%x
    cur rent     => cur rent%next
  end do
  print *, 'data read was:'
  print 100, string
  100 for mat(a)

end pro gram

6.2 Chap ter 22 ex am ple 9: Re write of ex am ple 2 to use allocatable
com po nents rather than pointers

Here is the source code.

mod ule real_list_mod ule
  type real_list
    real :: x
    type (real_list), allocatable :: next 
  end type
end mod ule

pro gram ch2209

  use real_list_mod ule
  im plicit none
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  char ac ter (len=80) :: fname
  in te ger :: io_stat_num ber = 0

  real                                         :: x
  type (real_list) , allocatable , tar get      :: list
  type (real_list) , pointer                   :: cur rent 
=>null()
  type (real_list) , pointer                   :: root    
=>null()

  in te ger :: I = 0, n
  real , allocatable ,  di men sion(:) :: y

  fname='ch2209.txt'
  open ( unit=1 , file=fname , sta tus='old' )

  do
  
    read (unit=1 , fmt=*     ,               
iostat=io_stat_num ber) x

    if ( io_stat_num ber /= -1 ) then

      if (as so ci ated(cur rent)) then
        al lo cate ( cur rent%next , source = real_list(x) )
        cur rent => cur rent%next
        i=i+1
      else if ( .not.as so ci ated(cur rent) ) then
        ! First data item, need to an chor the root
        al lo cate ( list         , source = real_list(x) )
        cur rent => list
        root    => list
        I = I + 1
      end if

    else

      exit

    endif
  
  end do

  print *, I, ' num bers read'

  n = I
  al lo cate (y(n))
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  cur rent => root
  do i=1,n
    y(I)    = cur rent%x
    cur rent => cur rent%next
  end do
  print *, 'data read was:'
  print *,y

end pro gram

6.3 Chap ter 22 ex am ple 10: Linked lists us ing move_alloc rather than
pointers

Here is the source code.

mod ule char ac ter_linked_list_mod ule

  type char ac ter_linked_list
    char ac ter (len=1) :: c
    type (char ac ter_linked_list), allocatable :: next 
  end type char ac ter_linked_list

con tains

  sub rou tine add_item_to_list(list,new_char ac ter)

    type (char ac ter_linked_list) , allocatable :: list
    char ac ter , in tent(in)                     ::
new_char ac ter

    type (char ac ter_linked_list) , allocatable :: t

    call move_alloc(list,t)
    al lo cate(list,source=char ac ter_linked_list(new_char ac -
ter))
    call move_alloc(t,list%next)    

  end sub rou tine add_item_to_list

  func tion re turn_string(list,n)

    type (char ac ter_linked_list) , allocatable :: list
    in te ger , in tent(in)                       :: n

    char ac ter (len=n)                          :: re -
turn_string

    type (char ac ter_linked_list) , allocatable :: t
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    in te ger                                    :: I

    do i=1,n

      re turn_string(n-i+1:n-I+1)  = list%c
      call move_alloc(list%next,t)
      call move_alloc(t,list)

    end do

  end func tion re turn_string

end mod ule char ac ter_linked_list_mod ule

pro gram ch2210

  in te ger :: z
  char ac ter (len=:), allocatable             :: string

  print *,' Call ing sub rou tine to read the data'
  print *,' '

  call read_data()
  
  print *,' '
  print *,' Re turned from sub rou tine'
  print *,' Au to matic deallocation of data struc tures'
  print *,' '

  print *, 'data read was:'
  print 100, string
  100 for mat(a)

con tains

sub rou tine read_data()

  use char ac ter_linked_list_mod ule
  im plicit none

  char ac ter (len=80) :: fname
  in te ger :: io_stat_num ber = 0

  char ac ter                                  :: x
  type (char ac ter_linked_list) , allocatable :: list

  in te ger                                    :: I = 0, 
n
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  fname='ch2210.f90'
  open (unit=1, file=fname, sta tus='old')

  do

    read (unit=1, fmt='(a)', ad vance='no',
iostat=io_stat_num ber) x

    if ( io_stat_num ber /= -1 ) then

      call add_item_to_list(list,x)
      i=I+1

    else

      exit

    endif

  end do

  print *, I, ' char ac ters read'
  n = I
  al lo cate (char ac ter(len=n) :: string)

  string = re turn_string(list,n)

end sub rou tine

end pro gram
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7 Generic programming
There are a small num ber of ad di tional ex am ples. The idea for the <vec tor> ex am ple came
from some peo ple from the UK Met Of fice at tend ing a For tran course in June 2022. I added 
the <ar ray> ex am ple for com plete ness.

7.1 Chap ter 25 ex am ple 3: Ge neric sta tis tics mod ule with 16 bit real sup port - 

Nag

This is a vari a tion on ex am ple 2. Here is the main pro gram source.

in clude 'pre ci sion_mod ule_16_bit_sup port.f90'
in clude 'in te ger_kind_mod ule.f90'
in clude 'sta tis tics_mod ule_16_bit_sup port.f90'
in clude 'tim ing_mod ule_16_bit_sup port.f90'

pro gram ch2503

  use iso_for tran_env
  use pre ci sion_mod ule_16_bit_sup port
  use sta tis tics_mod ule_16_bit_sup port
  use tim ing_mod ule_16_bit_sup port

  im plicit none
  in te ger :: n
  in te ger :: i
  in te ger :: re peat_count = 4
  real (hp), allocatable, di men sion (:) :: w
  real (hp) :: w_m, w_sd, w_me dian
  real (sp), allocatable, di men sion (:) :: x
  real (sp) :: x_m, x_sd, x_me dian
  real (dp), allocatable, di men sion (:) :: y
  real (dp) :: y_m, y_sd, y_me dian
  real (qp), allocatable, di men sion (:) :: z
  real (qp) :: z_m, z_sd, z_me dian
  char ac ter *20, di men sion (3) :: head ing = [ '  Al lo cate    
', '  Ran dom      ', '  Sta tis tics  ' ]

  print *,''
  print*,com piler_ver sion()
  print *,''
  call start_tim ing()
  n =  10

  do i=1,re peat_count

  print *, '                                        
n = ', n
  print *,''
  print *, ' Half pre ci sion'
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  print *, ''

  al lo cate (w(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(w)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(w, n, w_m, w_sd, w_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) w_m
  write (unit=*, fmt=120) w_sd
  write (unit=*, fmt=130) w_me dian
  deallocate (w)

  print *,''
  print *, ' Sin gle pre ci sion'
  print *,''

  al lo cate (x(1:n))
  print 100, head ing(1), time_dif fer ence()
100 for mat (a20, 6x, f18.6)
  call ran dom_num ber(x)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(x, n, x_m, x_sd, x_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) x_m
110 for mat (' Mean               = ', f10.6)
  write (unit=*, fmt=120) x_sd
120 for mat (' Stan dard de vi a tion = ', f10.6)
  write (unit=*, fmt=130) x_me dian
130 for mat (' Me dian             = ', f10.6)
  deallocate (x)

  print *,''
  print *, ' Dou ble pre ci sion'
  print *,''

  al lo cate (y(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(y)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(y, n, y_m, y_sd, y_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) y_m
  write (unit=*, fmt=120) y_sd
  write (unit=*, fmt=130) y_me dian
  deallocate (y)

  print *,''
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  print *, ' Quad pre ci sion'
  print *,''

  al lo cate (z(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(z)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(z, n, z_m, z_sd, z_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) z_m
  write (unit=*, fmt=120) z_sd
  write (unit=*, fmt=130) z_me dian
  deallocate (z)

  n = n * 10

  end do

  call end_tim ing()

end pro gram

Note that we have new ver sions of the fol low ing mod ules due to the sup port for 16 bit
reals.

· pre ci sion_mod ule_16_bit_sup port.f90

· sta tis tics_mod ule_16_bit_sup port.f90

· tim ing_mod ule_16_bit_sup port.f90

7.2 Chap ter 25 ex am ple 4: Ge neric sta tis tics mod ule with 80 bit real sup port -  

gfortran

This is a vari a tion on ex am ple 2. Here is the main pro gram source.

in clude 'pre ci sion_mod ule_80_bit_sup port.f90'
in clude 'in te ger_kind_mod ule.f90'
in clude 'sta tis tics_mod ule_80_bit_sup port.f90'
in clude 'tim ing_mod ule_80_bit_sup port.f90'

pro gram ch2504

  use pre ci sion_mod ule_80_bit_sup port
  use sta tis tics_mod ule_80_bit_sup port
  use tim ing_mod ule_80_bit_sup port

  im plicit none
  in te ger :: n

  real (sp), allocatable, di men sion (:) :: x
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  real (sp) :: x_m, x_sd, x_me dian

  real (dp), allocatable, di men sion (:) :: y
  real (dp) :: y_m, y_sd, y_me dian

  real (r80), allocatable, di men sion (:) :: w
  real (r80) :: w_m, w_sd, w_me dian

  real (qp), allocatable, di men sion (:) :: z
  real (qp) :: z_m, z_sd, z_me dian

  char ac ter *20, di men sion (3) :: head ing = [ '  Al lo cate    
', '  Ran dom      ', '  Sta tis tics  ' ]

  call start_tim ing()
  n =  50000000
  print *, ' n = ', n

  print *, ' Sin gle pre ci sion'

  al lo cate (x(1:n))
  print 100, head ing(1), time_dif fer ence()
100 for mat (a20, 6x, f18.6)
  call ran dom_num ber(x)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(x, n, x_m, x_sd, x_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) x_m
110 for mat (' Mean               = ', f10.6)
  write (unit=*, fmt=120) x_sd
120 for mat (' Stan dard de vi a tion = ', f10.6)
  write (unit=*, fmt=130) x_me dian
130 for mat (' Me dian             = ', f10.6)
  deallocate (x)

  print *, ' Dou ble pre ci sion'

  al lo cate (y(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(y)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(y, n, y_m, y_sd, y_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) y_m
  write (unit=*, fmt=120) y_sd
  write (unit=*, fmt=130) y_me dian
  deallocate (y)
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  print *, ' gfortran 80 bit'

  al lo cate (w(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(w)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(w, n, w_m, w_sd, w_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) w_m
  write (unit=*, fmt=120) w_sd
  write (unit=*, fmt=130) w_me dian
  deallocate (w)

  print *, ' Quad pre ci sion'

  al lo cate (z(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(z)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(z, n, z_m, z_sd, z_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) z_m
  write (unit=*, fmt=120) z_sd
  write (unit=*, fmt=130) z_me dian
  deallocate (z)

  call end_tim ing()

end pro gram

Note that we have new ver sions of the fol low ing mod ules due to the sup port for 80 bit
reals.

· pre ci sion_mod ule_80_bit_sup port.f90

· sta tis tics_mod ule_80_bit_sup port.f90

· tim ing_mod ule_80_bit_sup port.f90

Here is some sam ple out put.

ch2504_gfortran.exe
 2023/12/11  9:33:45 607
  n =     50000000
  Sin gle pre ci sion
  Al lo cate                          0.001462
  Ran dom                            0.104088
  Sta tis tics                        0.704748
 Mean               =   0.335544
 Stan dard de vi a tion =   0.442733
 Me dian             =   0.500040
  Dou ble pre ci sion
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  Al lo cate                          0.008252
  Ran dom                            0.220561
  Sta tis tics                        0.719511
 Mean               =   0.499951
 Stan dard de vi a tion =   0.288647
 Me dian             =   0.499928
  gfortran 80 bit
  Al lo cate                          0.013232
  Ran dom                            0.282966
  Sta tis tics                        1.096770
 Mean               =   0.499954
 Stan dard de vi a tion =   0.288672
 Me dian             =   0.499878
  Quad pre ci sion
  Al lo cate                          0.023946
  Ran dom                            3.121136
  Sta tis tics                        4.065059
 Mean               =   0.500024
 Stan dard de vi a tion =   0.288704
 Me dian             =   0.499997
 2023/12/11  9:33:55 992
 To tal time =                      10.383900

7.3 Prob lems

Com pile and run these ex am ples if you have ac cess to the Nag and gfortran com pil ers.
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8 C Interop
There are a small num ber of ad di tional ex am ples. The idea for the <vec tor> ex am ple came
from some peo ple from the UK Met Of fice at tend ing a For tran course in June 2022. I added 
the <ar ray> ex am ple for com plete ness.

8.1 Chap ter 35 ex am ple 15: pass ing a one d <vec tor> from C++ to
Fortran

This is a vari a tion on ex am ple 7.

Here is the For tran source. It is the same as the orig i nal ex am ple 7.

func tion sum ma tion(x, n) bind (c, name='sum ma tion')
  use iso_c_bind ing
  im plicit none
  in te ger (c_int), value :: n
  real (c_float), di men sion (1:n), in tent (in) :: x
  real (c_float) :: sum ma tion
  in te ger :: I

  sum ma tion = sum(x(1:n))
end func tion

Here is the new C++ source.

#in clude <iostream>
#in clude <vec tor>
us ing namespace std;
extern "C" float sum ma tion(float *,int );
int main()
{
  const int n=10;
  vec tor<float> x(n);
  int i;
  for (i=0;i<n;i++)
    x[i]=1.0f;
  cout << " C++ call ing For tran" << endl;
  cout << " 1 d vec tor as pa ram e ter" << endl;
  cout << " Sum is " << sum ma tion(&x[0],n) << endl;
  re turn(0);
}

Please see the batch files and shell scripts on how to com pile these pro grams.

8.2 Chap ter 35 ex am ple 16: pass ing a 1 d <ar ray> be tween C++ and
For tran

The For tran source is the same as in the pre vi ous 2 one d ex am ples.

Here is the C++ source.

#in clude <iostream>
#in clude <ar ray>
us ing namespace std;
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extern "C" float sum ma tion(float *,int );
int main()
{
  const int n=10;
  ar ray<float,n> x;
  int u;
  for (i=0;i<n;i++)
    x[i]=1.0f;
  cout << " C++ call ing For tran" << endl;
  cout << " 1 d array as pa ram e ter" << endl;
  cout << " Sum is " << sum ma tion(&x[0],n) << endl;
  re turn(0);
}

Com pi la tion notes
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9 IEEE arith me tic
There are a small num ber of ad di tional ex am ples.

9.1 Chap ter 36 ex am ple 7: in ex act sum ma tion with com piler version

This is a vari a tion on ex am ple 5. We added de tails about which the com piler ver sion.

Here is the new source code.

pro gram ch3607

  use ieee_arith me tic
  use iso_for tran_env
  im plicit none

  in te ger :: I
  real :: com puted_sum
  real :: real_sum
  in te ger :: ar ray_size

  log i cal :: in ex act_hap pened = .false.
  in te ger :: al lo cate_sta tus

  char ac ter *13, di men sion (3) :: head ing = (/ '  
10,000,000', '  100,000,000', '1,000,000,000' /)

  real, allocatable, di men sion (:) :: x

  print *,com piler_ver sion()

  if (ieee_sup port_datatype(x)) then
    print *, ' IEEE sup port for de fault pre ci sion'
  end if

! 10,000,000

  ar ray_size = 10000000

  do I = 1, 3
    write (unit=*, fmt=100) ar ray_size, head ing(I)
100 for mat (' Ar ray size = ', i15, 2x, a13)
    al lo cate (x(1:ar ray_size), stat=al lo cate_sta tus)
    if (al lo cate_sta tus/=0) then
      print *, ' Al lo cate fails, pro gram ends'
      stop
    end if
    x = 1.0
    com puted_sum = sum(x)
    call ieee_get_flag(ieee_in ex act, in ex act_hap pened)
    real_sum = ar ray_size*1.0
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    write (unit=*, fmt=110) com puted_sum
110 for mat (' Com puted sum = ', e12.4)
    write (unit=*, fmt=120) real_sum
120 for mat (' Real sum     = ', e12.4)
    if (in ex act_hap pened) then
      print *, ' in ex act arith me tic'
      print *, ' in the sum ma tion'
      print *, ' pro gram ter mi nates'
      stop 20
    end if
    deallocate (x)
    ar ray_size = ar ray_size*10
  end do

end pro gram

Ex am ple ch0510.f90 has been up dated to in clude in for ma tion on the IEEE 16 bit real sup -
port of fered by the Nag com piler.

Here is the source code.

pro gram ch0510
  im plicit none
!
! real arith me tic
! 
! 16 bit reals are in the lat est IEEE stan dard.
! we have added tests for that type in this
! pro gram.
!
! 32 and 64 bit reals are nor mally avail able.
! The IEEE for mat is as de scribed be low.
!
! 32 bit reals  8 bit ex po nent, 24 bit man tissa
! 64 bit reals 11 bit ex po nent, 53 bit man tissa
!
! 128 bit reals and dec i mal are also in the
! lat est IEEE stan dard.
! We have cho sen a por ta ble spec i fi ca tion
! for 128 bit reals as Nag use their own. 
!

!  in te ger, pa ram e ter :: hp = 16
  in te ger, pa ram e ter :: hp = se lected_real_kind( 3,   4)
  in te ger, pa ram e ter :: sp = se lected_real_kind( 6,  37)
  in te ger, pa ram e ter :: dp = se lected_real_kind(15, 307)
  in te ger, pa ram e ter :: qp = se lected_real_kind(30, 291)

  real (hp) :: rhp
  real (sp) :: rsp
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  real (dp) :: rdp
  real (qp) :: rqp

  print *, '           ====================='
  print *, '           Real kind in for ma tion'
  print *, '           ====================='
  print *, ' kind num ber'
  print *, '    ', kind(rhp), ' ', kind(rsp), ' ',
kind(rdp), ' ', kind(rqp)
  print *, ' dig its de tails'
  print *, '    ', dig its(rhp), ' ', dig its(rsp), ' ', dig -
its(rdp), ' ', dig its(rqp)
  print *, ' ep si lon de tails'
  print *, '    ', ep si lon(rhp)
  print *, '    ', ep si lon(rsp)
  print *, '    ', ep si lon(rdp)
  print *, '    ', ep si lon(rqp)
  print *, ' huge value'
  print *, '    ', huge(rhp)
  print *, '    ', huge(rsp)
  print *, '    ', huge(rdp)
  print *, '    ', huge(rqp)
  print *, ' maxexponent value'
  print *, '    ', maxexponent(rhp)
  print *, '    ', maxexponent(rsp)
  print *, '    ', maxexponent(rdp)
  print *, '    ', maxexponent(rqp)
  print *, ' minexponent value'
  print *, '    ', minexponent(rhp)
  print *, '    ', minexponent(rsp)
  print *, '    ', minexponent(rdp)
  print *, '    ', minexponent(rqp)
  print *, ' pre ci sion de tails'
  print *, '    ', pre ci sion(rhp), ' ', pre ci sion(rsp), '
', pre ci sion(rdp), ' ', pre ci sion(rqp)
  print *, ' ra dix de tails'
  print *, '    ', ra dix(rhp), ' ', ra dix(rsp), ' ', ra -
dix(rdp), ' ', ra dix(rqp)
  print *, ' range de tails'
  print *, '    ', range(rhp), ' ', range(rsp), ' ',
range(rdp), ' ', range(rqp)
  print *, ' tiny de tails'
  print *, '    ', tiny(rhp)
  print *, '    ', tiny(rsp)
  print *, '    ', tiny(rdp)
  print *, '    ', tiny(rqp)
end pro gram

Here is the out put.
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            =====================
            Real kind in for ma tion
            =====================
  kind num ber
      16   1   2   3
  dig its de tails
      11   24   53   106
  ep si lon de tails
        9.7656E-04
        1.1920929E-07
        2.2204460492503131E-16
      2.46519032881566189191165177E-32
  huge value
       65504.
        3.4028235E+38
       1.7976931348623157E+308
      8.98846567431157953864652595E+307
  maxexponent value
      16
      128
      1024
      1023
  minexponent value
      -13
      -125
      -1021
      -968
  pre ci sion de tails
      3   6   15   31
  ra dix de tails
      2   2   2   2
  range de tails
      4   37   307   291
  tiny de tails
        6.1035E-05
        1.1754944E-38
       2.2250738585072014E-308
      2.00416836000897277799610805E-292

This means be tween 6 and 9 dig its of pre ci sion for de fault reals in For tran, which cor re -
spond to the IEEE 32 bit real data type.

Here is the out put from the NAG com piler from run ning ch3607.f90.

 NAG For tran Com piler Re lease 7.0(Yurakucho) Build 7017
  IEEE sup port for de fault pre ci sion
 Ar ray size =        10000000     10,000,000
 Com puted sum =   0.1000E+08
 Real sum     =   0.1000E+08
 Ar ray size =       100000000    100,000,000
 Com puted sum =   0.1678E+08
 Real sum     =   0.1000E+09
  in ex act arith me tic
  in the sum ma tion
  pro gram ter mi nates

Here is the out put from the Intel com piler from run ning ex am ple ch3607. 
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 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca tions run ning
on Intel
 (R) 64, Ver sion 2021.5.0 Build 20211109_000000
  IEEE sup port for de fault pre ci sion
 Ar ray size =        10000000     10,000,000
 Com puted sum =   0.1000E+08
 Real sum     =   0.1000E+08
 Ar ray size =       100000000    100,000,000
 Com puted sum =   0.1000E+09
 Real sum     =   0.1000E+09
  in ex act arith me tic
  in the sum ma tion
  pro gram ter mi nates

In the Intel ex am ple the com puted sum matches the ex act sum!

9.2 Equiv a lent ver sions of ch3607 in C, C++, C# and Java

Note that this be hav iour for 32 bit arith me tic is the same with other pro gram ming
languages. Ex am ples are avail able be low in C, C++, C# and Java.

9.2.1 C ver sion

in clude <stdio.h>
#in clude <stdlib.h>
#in clude <string.h>

float cal cu late_sum(int n)
{
  float *x;
 
  int i;
  float t;
  t=0.0;

  x = (float*) calloc ( n , sizeof(float) );

  for(i=0;i<n;i++)
  {
    x[i]=1;
    t = t + x[i];
  }

  free(x);
  re turn(t);
}

int main()
{

  int    I;
  int    j;
  float  com puted_sum;
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  float  ac tual_sum;
  int    ar ray_size;

  char head ing[3][15] = { "   10,000,000", "  100,000,000",
"1,000,000,000" };

/*

  Ini tial ar ray size
  10,000,000

*/

  ar ray_size = 10000000;

  for ( I=0 ; i<3 ; I++ )
  {
    printf(" Ar ray size " );
    printf(" %s ",head ing[i]);
    printf("\n");

    com puted_sum = cal cu late_sum(ar ray_size);
    ac tual_sum   = ar ray_size*1.0;

    printf("   Com puted sum %12.1f \n" , com puted_sum);
    printf("   Ac tual sum   %12.1f \n" , ac tual_sum);

    if (ac tual_sum != com puted_sum)
    {   
      printf(" C \n");
      printf(" Ac cu racy limit of IEEE 32 bit float ing point 
arith me tic \n");
      printf(" pro gram ter mi nates \n") ;
      re turn(1);
    }
    ar ray_size = ar ray_size * 10;
  }
  re turn(0);
}

9.2.2 C++ ver sion

#in clude <iostream>
#in clude <vec tor>
#in clude <string>
us ing namespace std;

float cal cu late_sum(int n)
{
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  vec tor<float> x(n);
  int i;
  float t;

  t=0.0;

  for(i=0;i<n;i++)
  {
    x[i]=1;
    t = t + x[i];
  }

  re turn(t);
}

int main()
{

  int    I;
  int    j;
  float  com puted_sum;
  float  ac tual_sum;
  int    ar ray_size;

  string head ing[3] = { "   10,000,000", "  100,000,000",
"1,000,000,000" };

/*

  Ini tial ar ray size
  10,000,000

*/

  ar ray_size = 10000000;

  for ( I=0 ; i<3 ; I++ )
  {

    cout << " Ar ray size " << head ing[i] << endl;

    com puted_sum = cal cu late_sum(ar ray_size);
    ac tual_sum   = ar ray_size*1.0;

    cout << "   Com puted sum " ;

    cout.width(12);
    cout.pre ci sion(1);

IEEE arith me tic 59

© Ian D Chivers & Jane Sleightholme Chap ter 9



    cout.setf(ios::right);
    cout.setf(ios::showpoint);
    cout.setf(ios::fixed);

    cout << com puted_sum << endl;

    cout << "   Ac tual sum   " ;

    cout.width(12);
    cout.pre ci sion(1);
    cout.setf(ios::right);
    cout.setf(ios::showpoint);
    cout.setf(ios::fixed);

    cout << ac tual_sum    << endl;

    if (ac tual_sum != com puted_sum)
    {   
      cout << " C++ " << endl;
      cout << " Ac cu racy limit of IEEE 32 bit float ing
point arith me tic " << endl;
      cout << " pro gram ter mi nates " << endl;
      re turn(1);
    }
    ar ray_size = ar ray_size * 10;
  }

  re turn(0);

}

9.2.3 C# ver sion

us ing Sys tem;

class ch3607
{

  static float cal cu late_sum(int n)
  {
    float [] x = new float [n];
    int i;
    float t;

    t=0;

    for(i=0;i<n;i++)
    {
      x[i]=1;
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      t = t + x[i];
    }

    re turn(t);
  }

  static int Main()
  {
  
    int    I;
    float  com puted_sum;
    float  ac tual_sum;
    int    ar ray_size;
  
    string [] head ing = { "   10,000,000", "  100,000,000", 
"1,000,000,000" };
  
    /*
  
    Ini tial ar ray size
    10,000,000
  
    */
  
    ar ray_size = 10000000;
  
    for ( I=0 ; i<3 ; I++ )
    {
  
      Con sole.WriteLine( " Ar ray size {0} " , head ing[i] );
  
      com puted_sum = cal cu late_sum(ar ray_size);
      ac tual_sum   = ar ray_size*1;
  
      Con sole.Write( "   Com puted sum " );

      Con sole.WriteLine( com puted_sum );
  
      Con sole.Write( "   Ac tual sum   " );

      Con sole.WriteLine( ac tual_sum );
  
      if (ac tual_sum != com puted_sum)
      {   
        Con sole.WriteLine(" C# ");
        Con sole.WriteLine(" Ac cu racy limit of IEEE 32 bit
float ing point arith me tic " );
        Con sole.WriteLine(" pro gram ter mi nates " );
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        re turn(1);
      }
      ar ray_size = ar ray_size * 10;
    }
  
    re turn(0);
  
}

}

9.2.4 Java ver sion

class ch3607
{

  pub lic static void main(String[] args)
  {
  
    int    I;
    float  com puted_sum;
    float  ac tual_sum;
    int    ar ray_size;
  
    String [] head ing = { "   10,000,000", "  100,000,000", 
"1,000,000,000" };
  
    /*
  
    Ini tial ar ray size
    10,000,000
  
    */
  
    ar ray_size = 10000000;
  
    for ( I=0 ; i<3 ; I++ )
    {
  
      Sys tem.out.print( " Ar ray size " );
      Sys tem.out.println( head ing[i] );
  
      com puted_sum = cal cu late_sum(ar ray_size);
      ac tual_sum   = ar ray_size*1;
  
      Sys tem.out.print( "   Com puted sum " );

      Sys tem.out.printf(" %12.1f \n" , com puted_sum );
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      Sys tem.out.print( "   Ac tual sum   " );

      Sys tem.out.printf(" %12.1f \n" , ac tual_sum );
  
      if (ac tual_sum != com puted_sum)
      {   
        Sys tem.out.println(" Java ");
        Sys tem.out.println(" Ac cu racy limit of IEEE 32 bit
float ing point arith me tic " );
        Sys tem.out.println(" Pro gram ter mi nates");
        re turn;
      }
      ar ray_size = ar ray_size * 10;
    }
  
  }

  static float cal cu late_sum(int n)
  {
    float [] x = new float [n];
    int i;
    float t;

    t=0;

    for(i=0;i<n;i++)
    {
      x[i]=1;
      t = t + x[i];
    }

    re turn(t);
  }

}
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10 Sorting and Searching
In this chap ter we look at call ing the C++ STL par al lel sort ing rou tines from For tran. Our
start ing point is the sort ing ex am ple from chap ter 38 in the fourth edi tion.

10.1 Chap ter 38 ex am ple 6: call ing the C++ STL par al lel sort routines

Ex am ple 1 in chap ter 38 pro vides a ge neric sort ing mod ule that works with

· 32 bit in te gers

· 32 bit reals

· 64 bit in te gers

· 64 bit reals

· 128 bit reals

In this ex am ple we pro vide up dated ver sions that call the C++ STL par al lel sort ing rou tines. 
We pro vide im ple men ta tions for

· 32 bit in te gers

· 32 bit reals

· 64 bit in te gers

· 64 bit reals

Most C++ com pil ers don't pro vide a 128 bit real data type.

10.1.1 C++ code - stl_sort.cxx

Here is the C++ code.

#in clude <ex e cu tion>
#in clude <al go rithm>
#in clude <vec tor>
us ing namespace std;
extern "C"
{
  void stl_sort_i32(int * x , const int nx)
  {
    vec tor<int> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}
extern "C"
{
  void stl_sort_i64(long long int * x , const int nx)
  {
    vec tor<long long int> y(nx);
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    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}
extern "C"
{
  void stl_sort_r32(float * x , const int nx)
  {
    vec tor<float> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}
extern "C"
{
  void stl_sort_r64(dou ble * x , const int nx)
  {
    vec tor<dou ble> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}

Note that we have to copy the ar rays on both in put and out put. We use point ers as the pa -
ram e ter pass ing mech a nism from For tran to C++, and we use the <vec tor> con tainer class
to ac cess the par al lel sort ing rou tines in the C++ STL. This func tion al ity came in with the
C++ 17 stan dard.

10.1.2 For tran wrap per to the C++ STL rou tines - stl_sort_data_mod ule.f90

Here is the mod i fied ge neric sort data mod ule. We have re placed the calls to the in ter nal
quicksort rou tine with calls to the C++ sort ing rou tines.

mod ule stl_sort_data_mod ule
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  use pre ci sion_mod ule
  use in te ger_kind_mod ule

  in ter face sort_data

    mod ule pro ce dure sort_real_sp
    mod ule pro ce dure sort_real_dp

    mod ule pro ce dure sort_real_qp
    mod ule pro ce dure sort_in te ger_8
    mod ule pro ce dure sort_in te ger_16

    mod ule pro ce dure sort_in te ger_32
    mod ule pro ce dure sort_in te ger_64

  end in ter face

con tains

  sub rou tine sort_real_sp(raw_data, how_many)
    use pre ci sion_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    real (sp), in tent (inout), di men sion (:) :: raw_data

  in ter face

    sub rou tine stl_sort_r32(x,n) bind (c,
name='stl_sort_r32')

      use iso_c_bind ing

      in te ger  (c_int)   , value          :: n
      real     (c_float) , di men sion(1:n) :: x

      in tent (in)                         :: n
      in tent (inout)                      :: x

    end sub rou tine

  end in ter face

    call stl_sort_r32(raw_data, how_many)

  con tains

    re cur sive sub rou tine quicksort(l, r)
      im plicit none

Sorting and Searching 67

© Ian D Chivers & Jane Sleightholme Chap ter 10



      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      real (sp) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine

  end sub rou tine

  sub rou tine sort_real_dp(raw_data, how_many)
    use pre ci sion_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    real (dp), in tent (inout), di men sion (:) :: raw_data

  in ter face

    sub rou tine stl_sort_r64(x,n) bind (c,
name='stl_sort_r64')

      use iso_c_bind ing

      in te ger  (c_int)   , value          :: n
      real     (c_dou ble), di men sion(1:n) :: x

      in tent (in)                         :: n
      in tent (inout)                      :: x

    end sub rou tine

  end in ter face

    call stl_sort_r64(raw_data, how_many)

  con tains
    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      real (dp) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine
  end sub rou tine

  sub rou tine sort_real_qp(raw_data, how_many)
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    use pre ci sion_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    real (qp), in tent (inout), di men sion (:) :: raw_data

    call quicksort(1, how_many)

  con tains
    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      real (qp) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine
  end sub rou tine

  sub rou tine sort_in te ger_8(raw_data, how_many)
    use in te ger_kind_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    in te ger (i8), in tent (inout), di men sion (:) :: raw_data

    call quicksort(1, how_many)

  con tains
    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      in te ger (i8) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine
  end sub rou tine

  sub rou tine sort_in te ger_16(raw_data, how_many)
    use in te ger_kind_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    in te ger (i16), in tent (inout), di men sion (:) :: raw_data

    call quicksort(1, how_many)

  con tains
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    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      in te ger (i16) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine
  end sub rou tine

  sub rou tine sort_in te ger_32(raw_data, how_many)
    use in te ger_kind_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    in te ger (i32), in tent (inout), di men sion (:) :: raw_data

  in ter face

    sub rou tine stl_sort_i32(x,n) bind (c,
name='stl_sort_i32')

      use iso_c_bind ing

      in te ger  (c_int)   , value          :: n
      in te ger  (c_int)   , di men sion(1:n) :: x

      in tent (in)                         :: n
      in tent (inout)                      :: x

    end sub rou tine

  end in ter face

    call stl_sort_i32(raw_data, how_many)

  con tains
    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      in te ger (i32) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine
  end sub rou tine
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  sub rou tine sort_in te ger_64(raw_data, how_many)
    use in te ger_kind_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    in te ger (i64), in tent (inout), di men sion (:) :: raw_data

  in ter face

    sub rou tine stl_sort_i64(x,n) bind (c,
name='stl_sort_i64')

      use iso_c_bind ing

      in te ger  (c_int)      , value          :: n
      in te ger  (c_long_long), di men sion(1:n) :: x

      in tent (in)                         :: n
      in tent (inout)                      :: x

    end sub rou tine

  end in ter face

    call stl_sort_i64(raw_data, how_many)

  con tains
    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      in te ger (i64) :: v, t

      in clude 'quicksort_in clude_code.f90'

    end sub rou tine

  end sub rou tine

end mod ule

10.1.3 For tran main pro gram - ch3806.f90

Note that we use in clude state ments to make avail able the other files used in this ex am ple:-

· in te ger_kind_mod ule.f90

· pre ci sion_mod ule.f90

· stl_sort_data_mod ule.f90

· tim ing_mod ule.f90

Here is the full source for the main pro gram.
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in clude 'in te ger_kind_mod ule.f90'
in clude 'pre ci sion_mod ule.f90'
in clude 'stl_sort_data_mod ule.f90'
in clude 'tim ing_mod ule.f90'

pro gram ch3806

  use stl_sort_data_mod ule
  use tim ing_mod ule

  im plicit none
  in te ger, pa ram e ter :: n  =    100000000
  char ac ter *12      :: nn = '100,000,000'
  char ac ter *80 :: re port_file_name = 'ch3801_re port.txt'

  real (sp), allocatable, di men sion (:) :: x_sp
  real (sp), allocatable, di men sion (:) :: t_x_sp
  real (dp), allocatable, di men sion (:) :: x_dp
  real (dp), allocatable, di men sion (:) :: t_x_dp
  real (qp), allocatable, di men sion (:) :: x_qp

  in te ger (i32), allocatable, di men sion (:) :: y_i32
  in te ger (i64), allocatable, di men sion (:) :: y_i64

  in te ger :: al lo cate_sta tus = 0

  char ac ter *20, di men sion (5) :: heading1 = &
  [ '  32 bit real', &
    '  32 bit int ', &
    '  64 bit real', &
    '  64 bit int ', &
    ' 128 bit real' ]

  char ac ter *20, di men sion (3) :: &
  heading2 = [ '      Al lo cate ', &
               '      Ran dom   ', &
               '      Sort     ' ]

  print *, 'Pro gram starts'
  print *, 'N = ', nn
  call start_tim ing()

  open (unit=100, file=re port_file_name)

  print *, heading1(1)

  al lo cate (x_sp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
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    print *, ' Al lo cate failed. Pro gram ter mi nates'
    stop 10
  end if

  al lo cate (t_x_sp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, ' Al lo cate failed. Pro gram ter mi nates'
    stop 20
  end if

  print 100, heading2(1), time_dif fer ence()
  100 for mat (a20, 2x, f18.6)

  call ran dom_num ber(x_sp)
  t_x_sp=x_sp

  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_sp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') ' First 10 32 bit reals'
  write (unit=100, fmt=110) x_sp(1:10)
110 for mat (5(2x,e14.6))

  print *, heading1(2)

  al lo cate (y_i32(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 30
  end if

  print 100, heading2(1), time_dif fer ence()
  y_i32 = int(t_x_sp*1000000000, i32)

  deallocate (x_sp)
  deallocate (t_x_sp)

  print 100, heading2(2), time_dif fer ence()
  call sort_data(y_i32, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 32 bit in te gers'
  write (unit=100, fmt=120) y_i32(1:10)
120 for mat (5(2x,i10))
  deallocate (y_i32)

  print *, heading1(3)

  al lo cate (x_dp(1:n), stat=al lo cate_sta tus)
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  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 30
  end if

  al lo cate (t_x_dp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 40
  end if

  print 100, heading2(1), time_dif fer ence()
  call ran dom_num ber(x_dp)
  t_x_dp = x_dp
  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_dp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 64 bit reals'
  write (unit=100, fmt=110) x_dp(1:10)

  print *, heading1(4)

  al lo cate (y_i64(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 40
  end if

  print 100, heading2(1), time_dif fer ence()
  y_i64 = int(t_x_dp*1000000000000000_i64, i64)

  deallocate (x_dp)
  deallocate (t_x_dp)

  print 100, heading2(2), time_dif fer ence()
  call sort_data(y_i64, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 64 bit in te gers'
  write (unit=100, fmt=120) y_i64(1:10)
  deallocate (y_i64)

  print *, heading1(5)

  al lo cate (x_qp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 50
  end if
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  print 100, heading2(1), time_dif fer ence()
  call ran dom_num ber(x_qp)
  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_qp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 128 bitreals'
  write (unit=100, fmt=110) x_qp(1:10)

  close (200)
  print *, 'Pro gram ter mi nates'
  call end_tim ing()

end pro gram

We have left in the old quicksort source code.

10.2 Com pi la tion notes

The C++ 17 stan dard in tro duced par al lel func tion al ity into the STL. You will need a com -
pan ion C++ com piler that is there fore C++17 com pli ant.

You will also need a com pan ion C++ com piler that sup ports STL par al lel ism.

The Intel com piler pro vides par al lel sup port via TBB and is au to mat i cally avail able.

The g++ com piler by de fault has no par al lel STL sup port. It can be made avail able by in -
stall ing the Intel oneapi based toolkit and link ing against TBB.

The Nag com piler has by de fault no par al lel STL sup port. It can be made avail able by in -
stall ing the Intel oneapi base toolkit and link ing against TBB.

There are compatability is sues with some Linux dis tri bu tions when us ing the Intel com piler.

Here are some com pi la tion ex am ples for var i ous com pil ers.

· Intel Win dows

ifort -O2 ch3801.f90 -o ch3801_ifort_icl.exe

icl   /O2  -c -std=c++17 stl_sort.cxx               
ifort /O2  ch3806.f90 stl_sort.obj /Fech3806_ifort_icl.exe

Note the spec i fi ca tion of con for mance to the C++ 2017 stan dard.

· Nag linux

nagfor -O4    ch3801.f90 -o ch3801_nag.out
nagfor -O4 -c ch3806.cpp -o ch3806_nag.o  -Wc,-std=c++17 
nagfor -O4  ch3806.f90  ch3806_nag.o -o ch3806_nag.out
-Wl,-lstdc++ -Wl,-ltbb

Note the spec i fi ca tion of con for mance to the C++ 2017 stan dard.

Note the ex plicit link ing to the C++ stan dard li brary and the Intel Thread ing Build ing
Blocks.

· gfortran linux
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gfortran -O2 ch3801.f90 -o ch3801_gfortran.out
g++ -O2 -c ch3806.cxx -o ch3806_gfortran.o -std=c++17
gfortran -O2 ch3806.f90 ch3806_gfortran.o -o
ch3806_gfortran.out -ltbb -lstdc++

Note the ex plicit link ing to the C++ stan dard li brary and Intel Thread ing Build ing Blocks.

10.2.1 Tim ing re sults

The ex am ples have been com piled on a num ber of ma chines, us ing a num ber of op er at ing
sys tems, in clud ing na tive Win dows, na tive linux, linux un der hy per-v and linux un der WSL

· Dell 5280 work sta tion

· Intel I9 10980XE (18 core * 2 with hy per thread ing) pro -

ces sor with 128 GB ram.

· Dell Vostro 5515 lap top

· AMD Ryzen 7 5700U (8 cores * 2 with hy per thread ing)

with 32 GB ram

· Dell Stu dio XPS 7100

· AMD Phenom II X6 1055T, 6 cores, 16GB ram

The ta bles be low sum ma rise some of the runs on these sys tems.
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Dell 5820 work station

Com piler Intel Intel Nag gfortran gfortran gfortran

OS Na tive 
win dows

Redhat 9.2
hy per-v

Na tive
win dows

Redhat 9.2
hy per-v

openSuSe
wsl

Na tive
windows

Mem ory 128 GB 32 GB 128 GB 32 GB 128 GB 128

Cores 36 16 36 16 36 36

Source
file(s)

ch3801.f90 ch3801.f90 ch3801.f90 ch3801.f90 ch3801.f90 ch3801.f90

Data type
Se rial

tim ing
Se rial

tim ing
Se rial

tim ing
Se rial

tim ing
Se rial

tim ing
Se rial

timing

32 bit real 9.189 10.147 9.184 9.188 9.071 9.182

32 bit int 10.503 9.231 9.615 10.018 9.815 8.545

64 bit real 10.666 9.620 10.335 10.197 10.089 10.911

64 bit int 9.831 10.967 9.296 11.247 10.838 10.035

128 bit
real

20.701 22.968 10.583 32.727 33.423 32.481

Source
file(s)

ch3806.cxx ch3806.cxx ch3806.cxx ch3806.cxx ch3806.cxx ch3806.cxx

ch3806.f90 ch3806.f90 ch3806.f90 ch3806.f90 ch3806.f90 ch3806.f90

Data type
Par al lel
tim ing

Par al lel
tim ing

Par al lel
tim ing

Par al lel
tim ing

Par al lel
tim ing

Par al lel
timing

32 bit real 1.285 0.937 7.645 1.043 1.461 7.329

32 bit int 1.427 0.967 6.777 1.018 1.430 7.007

64 bit real 1.594 1.084 8.389 1.255 2.480 7.840

64 bit int 1.562 1.331 8.262 1.218 2.427 7.031

128 bit
real

21.887 22.848 12.421 32.197 31.951 30.462
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Dell Vostro 5515 lap top

Com piler Intel gfortran nag

OS Win dows
native

redhat 9.1
hy per-v

redhat 9.1
hy per-v

Mem ory 32 16 16

Cores 16 8 8

Source file(s) ch3801.f90 ch3801.f90 ch3801.f90

Data type Se rial tim ing Se rial tim ing Se rial tim ing

32 bit real 11.211 11.024 11.629

32 bit int 9.971 9.043 9.282

64 bit real 11.768 12.022 11.917

64 bit int 9.382 9.522 9.736

128 bit real 24.433 33.647 12.566

Com piler

OS

Source file(s) ch3806.cxx ch3806.cxx ch3806.cxx

ch3806.f90 ch3806.f90 ch3806.f90

Data type Par al lel tim ing Par al lel tim ing Par al lel tim ing

32 bit real 1.594 1.778 1.783

32 bit int 1.282 1.473 1.463

64 bit real 1.906 2.076 2.068

64 bit int 1.641 1.822 1.837

128 bit real 24.085 34.411 12.539
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Dell Stu dio XPS 7100

Com piler Nag Intel

OS openSuSe
native

Win dows
native

Mem ory 16 16 16

Cores 6 6 6

Source file(s) ch3801.f90 ch3801.f90 ch3801.f90

Data type Se rial tim ing Se rial tim ing Se rial tim ing

32 bit real 14.914 15.164

32 bit int 14.529 16.122

64 bit real 16.552 15.659

64 bit int 14.711 13.153

128 bit real 17.714 59.857

Com piler Nag

OS openSuSe
native

Source file(s) ch3806.cxx ch3806.cxx ch3806.cxx

ch3806.f90 ch3806.f90 ch3806.f90

Data type Par al lel tim ing Par al lel tim ing Par al lel tim ing

32 bit real 2.932 3.415

32 bit int 2.456 3.120

64 bit real 3.741 4.166

64 bit int 3.495 3.562

128 bit real 17.034 51.928
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10.3 Prob lems

Try these ex am ples out with your com piler.

10.4 Bib li og ra phy and com pan ion C++ ma te rial

There are a set of com pan ion C++ notes and ex am ples avail able.They can be found at

https://www.rhymneyconsulting.co.uk/cpp/
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11 Han dling miss ing data us ing nans
There are sev eral changes to the ex am ples in

· Chap ter 39, han dling miss ing data in sta tis ti cal cal cu la tions

We now have

· new C# ex am ple to get the data files

· new sed script to con vert --- to NANs

· re write of sta tis ti cal pro gram to de tect NANs rather than flag val ues

11.1 Chap ter 39 ex am ple 5: Replacement C# pro gram and new Py thon
pro gram to get the Met Of fice files

Here is the replacement C# source file.

us ing Sys tem;
us ing Sys tem.Net;
us ing Sys tem.Net.Sock ets;
us ing Sys tem.IO;
us ing Sys tem.Text;
class ch3901
{
  static int Main()
  {
    const int n_sites=37;
    string base_ad dress = 
    @"https://www.metoffice.gov.uk/pub/"
    +"data/weather/uk/cli mate/stationdata/";
    string [] sta tion_name = 
    {
    "aberporth",       "armagh",      
    "ballypatrick",    "brad ford",
    "braemar",         "camborne",    
    "cam bridge",       "car diff",
    "chivenor",        "cwmystwyth",  
    "dunstaffnage",    "dur ham",
    "eastbourne",      "eskdalemuir", 
    "heathrow",        "hurn",
    "lerwick",         "leuchars",    
    "lowestoft",       "manston",
    "nairn",           "newtonrigg",  
    "ox ford",          "pais ley",
    "ringway",         "rossonwye",   
    "shawbury",        "shef field",
    "southampton",     "stornoway",   
    "suttonbonington", "tiree",
    "val ley",          "waddington",  
    "whitby",          "wickairport",
    "yeovilton",
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    };
    string [] web_ad dress = new string[n_sites];
    string last_part="data.txt";
    string in put_string;
    int i;
    // cre ate the web ad dress of each file
    for (i=0;i<n_sites;i++)
    {
      web_ad dress[i]=
      base_ad dress+sta tion_name[i]+last_part;
      Sys tem.Con sole.WriteLine(web_ad dress[i]);
    }
    string[] lo cal_data_file = 
    {
      "aberporthdata.txt",        "armaghdata.txt",      
      "ballypatrickdata.txt",     "bradforddata.txt",
      "braemardata.txt",          "cambornedata.txt",    
      "cambridgedata.txt",        "cardiffdata.txt",
      "chivenordata.txt",         "cwmystwythdata.txt",  
      "dunstaffnagedata.txt",     "durhamdata.txt",
      "eastbournedata.txt",       "eskdalemuirdata.txt", 
      "heathrowdata.txt",         "hurndata.txt",
      "lerwickdata.txt",          "leucharsdata.txt",    
      "lowestoftdata.txt",        "manstondata.txt",
      "nairndata.txt",            "newtonriggdata.txt",  
      "oxforddata.txt",           "paisleydata.txt",
      "ringwaydata.txt",          "rossonwyedata.txt",   
      "shawburydata.txt",         "sheffielddata.txt",
      "southamptondata.txt",      "stornowaydata.txt",   
      "suttonboningtondata.txt",  "tireedata.txt",
      "valleydata.txt",           "waddingtondata.txt",  
      "whitbydata.txt",           "wickairportdata.txt",
      "yeoviltondata.txt"
    }; 

    StreamWriter out put_file;
    for (i=0;i<n_sites;i++)
    {
      ServicePointManager.Expect100Continue = true;
      ServicePointManager.SecurityProtocol =
SecurityProtocolType.Tls
       | SecurityProtocolType.Tls11
       | SecurityProtocolType.Tls12
       | SecurityProtocolType.Ssl3;
      // cre ate the web ad dresses
      Sys tem.Con sole.WriteLine(" Cre ate the web ad dresses");
      HttpWebRequest  httpwreq   = (HttpWebRequest)
      WebRequest.Cre ate(web_ad dress[i]);
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      // set up con nec tion
      Sys tem.Con sole.WriteLine(" Set up the con nec tion");
      HttpWebResponse httpwresp  = (HttpWebResponse)
      httpwreq.GetResponse();
      // set up in put stream
      Sys tem.Con sole.WriteLine(" Set up the in put stream");
      StreamReader in put_stream = new 
        StreamReader
        (httpwresp.GetResponseStream(),En cod ing.ASCII);
      // read the whole file
      Sys tem.Con sole.WriteLine(" Read the whole file");
      in put_string=in put_stream.ReadToEnd();
      // cre ate the out put file
      Sys tem.Con sole.WriteLine(" Cre ate the out put file");
      out put_file = 
      File.CreateText("be fore_"+lo cal_data_file[i]);
      out put_file.WriteLine(in put_string);
      in put_stream.Close();
      out put_file.Close();
      Sys tem.Con sole.WriteLine(" Close the files");
    }
    re turn(0);
  }
}

Here is the new Py thon equiv a lent.

im port time
im port re quests

def main():

  start_time=time.time()
  print(" ** Start time            **",end=" ")
  print(start_time)

  n_sta tions = 37

  base_ad dress =
"http://www.metoffice.gov.uk/pub/data/weather/uk/cli -
mate/stationdata/" 

  sta tion_names = ["aberporthdata.txt"       ,
"armaghdata.txt"      , "ballypatrickdata.txt",
   "bradforddata.txt"        , "braemardata.txt"     ,
"cambornedata.txt",
   "cambridgedata.txt"       , "cardiffdata.txt"     ,
"chivenordata.txt",
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   "cwmystwythdata.txt"      , "dunstaffnagedata.txt",
"durhamdata.txt",
   "eastbournedata.txt"      , "eskdalemuirdata.txt" ,
"heathrowdata.txt",
   "hurndata.txt"            , "lerwickdata.txt"     ,
"leucharsdata.txt",
   "lowestoftdata.txt"       , "manstondata.txt"     ,
"nairndata.txt",
   "newtonriggdata.txt"      , "oxforddata.txt"      ,
"paisleydata.txt",
   "ringwaydata.txt"         , "rossonwyedata.txt"   ,
"shawburydata.txt",
   "sheffielddata.txt"       , "southamptondata.txt" ,
"stornowaydata.txt",
   "suttonboningtondata.txt" , "tireedata.txt"       ,
"valleydata.txt",
   "waddingtondata.txt"      , "whitbydata.txt"      ,
"wickairportdata.txt",
   "yeoviltondata.txt"]

  for I in range(0,n_sta tions):

    print(      sta tion_names[i]  )
    com plete_ad dress = base_ad dress + sta tion_names[i] 
    f=open(sta tion_names[i],"w")
    sta tion_data = re quests.get(url=com plete_ad -
dress).text.re place('\r','')
    f.write(sta tion_data)
    f.close()

  t1=time.time()
  file_read=t1-start_time
  print(" ** Internet file read took  **",end=" ")
  print(" {0:12.6f}".for mat(file_read))

if ( __name__ == "__main__" ):
  main()

This will work on both Win dows and Linux.

11.2 Chap ter 39 ex am ple 6: sed script

Here is the sed script.

s/ ---/ nan/g

11.3 Chap ter 39 ex am ple 7: Sta tis ti cal cal cu la tions us ing NANs

Here is the source file.

mod ule sta tis tics_mod ule
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  use ieee_arith me tic

  im plicit none

con tains

  sub rou tine cal cu late_month_av er ages(x, n, n_months, sum_x,
av er age_x, in dex_by_month, month_names)

    im plicit none

    real, di men sion (:), in tent (in) :: x
    in te ger, in tent (in) :: n
    in te ger, in tent (in) :: n_months

    real, di men sion (1:n_months), in tent (inout) :: sum_x
    real, di men sion (1:n_months), in tent (inout) :: av er -
age_x

    in te ger, di men sion (1:n), in tent (in) :: in dex_by_month
    char ac ter *9, di men sion (1:n_months), in tent (in) ::
month_names

    in te ger, di men sion (1:n_months) :: n_miss ing
    in te ger, di men sion (1:n_months) :: n_ac tual

    in te ger :: m

    sum_x = 0.0
    av er age_x = 0.0
    n_miss ing = 0
    n_ac tual = 0

    do m = 1, n
      if ( ieee_is_nan(x(m)) ) then
        n_miss ing(in dex_by_month(m)) = n_miss ing(in -
dex_by_month(m)) + 1
      else
        sum_x(in dex_by_month(m)) = sum_x(in dex_by_month(m))
+ x(m)
        n_ac tual(in dex_by_month(m)) = n_ac tual(in -
dex_by_month(m)) + 1
      end if
    end do

    do m = 1, n_months
      av er age_x(m) = sum_x(m)/(n_ac tual(m))
    end do
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    print *, ' Sum mary of ac tual    miss ing'
    print *, '            val ues    val ues'
    do m = 1, n_months
      print 100, month_names(m), n_ac tual(m), n_miss ing(m)
100   for mat (2x, a9, 2x, i6, 2x, i6)
    end do

  end sub rou tine

end mod ule

Here is the re place ment main driv ing pro gram.

in clude 'ch3906_sta tis tics_mod ule.f90'
in clude 'ch3903_met_of fice_sta tion_mod ule.f90'
in clude 'tim ing_mod ule.f90'

pro gram ch3907

  use met_of fice_sta tion_mod ule
  use sta tis tics_mod ule
  use tim ing_mod ule

  im plicit none

! met of fice data user de fined type

  type (sta tion_type), di men sion (:), allocatable :: sta -
tion_data

! Tem po rary vari ables used on the read

  in te ger :: year
  in te ger :: month
  real    :: tmax
  real    :: tmin
  in te ger :: af_days
  real    :: r_af_days
  real    :: rain fall
  real    :: sun shine

! Cur rently we only cal cu late the
! rain fall sum and av er ages.

! real, di men sion (1:n_months) :: sum_tmax
! real, di men sion (1:n_months) :: sum_tmin
! real, di men sion (1:n_months) :: sum_af_days
  real, di men sion (1:n_months) :: sum_rain fall
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! real, di men sion (1:n_months) :: sum_sun shine

! real, di men sion (1:n_months) :: av er age_tmax
! real, di men sion (1:n_months) :: av er age_tmin
! real, di men sion (1:n_months) ::
! av er age_af_days
  real, di men sion (1:n_months) :: av er age_rain fall
! real, di men sion (1:n_months) ::
! av er age_sun shine

! Ta ble to hold the monthly rain fall av er ages
! for all sta tions.

  real, di men sion (1:n_months, 1:n_sta tions) :: rain fall_ta -
ble = 0

  in te ger :: n_years

  in te ger :: I, j

  call start_tim ing()

  call in itial ise_sta tion_data()

! Pro cess each sta tion

  do j = 1, n_sta tions

    print *, ' '
    print *, ' Pro cess ing ', sta tion_data_file_name(j)
    print *, ' '

    open (unit=100, file=sta tion_data_file_name(j), sta -
tus='old')

!   skip the header lines be fore start ing to
!   read the data

    call skip_header_lines(j)

!   the num ber of ob ser va tions at each sta tion
!   is stored in the nl ar ray.

    al lo cate (sta tion_data(1:nl(j)))

!   Read in the data for each sta tion

    do I = 1, nl(j)
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      read (unit=100, fmt=100) year, month, tmax, tmin,
r_af_days, rain fall, sun shine
100   for mat (2x, i5, 2x, i2, 2x, f5.1, 3x, f5.1, 3x, f5.0, 
2x, f6.1, 2x, f6.1)
      if ( ieee_is_nan(r_af_days) ) then
        af_days = -99
      else
        af_days = int(r_af_days)
      end if
      sta tion_data(I) = sta tion_type(year, month, tmax,
tmin, af_days, rain fall, sun shine)
    end do

    close (100)

!   Do the monthly av er age cal cu la tions
!   for each sta tion

    call cal cu late_month_av er ages(sta tion_data%rain fall,
nl(j), n_months, sum_rain fall, av er age_rain fall, sta -
tion_data%month, &
      month_names)

    n_years = sta tion_data(nl(j))%year - sta tion_data(1)%year 
+ 1

    print *, ' '
    print *, ' Start date ', sta tion_data(1)%year, ' ', sta -
tion_data(1)%month
    print *, ' '
    print *, ' Rain fall monthly av er ages over'
    print 110, n_years
110 for mat ('  ~ ', i5, ' years          mm    ins')
    do I = 1, n_months
      print 120, month_names(I), av er age_rain fall(I), (av er -
age_rain fall(I)/25.4)
120   for mat (2x, a9, 8x, f7.2, 2x, f5.2)
    end do
    print 130, sum(av er age_rain fall), (sum(av er age_rain -
fall)/25.4)
130 for mat ('  An nual rain fall', /, '  av er age         ',
f8.2, 2x, f5.2)
    print *, ' '
    print *, ' End date  ', sta tion_data(nl(j))%year, ' ',
sta tion_data(nl(j))%month

    rain fall_ta ble(1:n_months, j) = av er age_rain fall
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!   Deallocate the ar rays

    deallocate (sta tion_data)

!   move on to next sta tion

  end do

  print *, ' '
  print 140, site_name(1:n_sta tions)
140 for mat (37(2x,a7))
  print *, ' '

  do I = 1, n_months
    print 150, rain fall_ta ble(I, 1:n_sta tions)/25.4
150 for mat (37(2x,f7.2))
  end do

  call end_tim ing()

end pro gram
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12 Miscellaneous new examples
One or more files are re quired for these ex am ples. All files are avail able on our web site.
Here is a link

https://www.rhymneyconsulting.co.uk/for tran/

The tar and zip files con tain both all of the fourth edi tion ex am ples plus all new ex am ples.

12.1 Chap ter 43 ex am ple 1: Add ing com mas to in te ger output

The following three include files are re quired:

· in clude 'in te ger_kind_mod ule.f90'

· in clude 'ch4301_dis play_with_com mas_mod ule.f90'

· in clude 'ch4301_dis play_with_com mas_test_pro gram.f90'

ch4301.f90 has the above three in clude state ments.

Here is sam ple out put.

  Pos i tive
  32 bit
              2147483647               2,147,483,647 
                 8388607                   8,388,607 
                   32767                      32,767 
                     127                         127 
  Pos i tive
  64 bit
     9223372036854775807   9,223,372,036,854,775,807 
       36028797018963967      36,028,797,018,963,967 
         140737488355327         140,737,488,355,327 
            549755813887             549,755,813,887 
              2147483647               2,147,483,647 
                 8388607                   8,388,607 
                   32767                      32,767 
                     127                         127 
  Neg a tive
  32 bit
             -2147483647              -2,147,483,647 
                -8388607                  -8,388,607 
                  -32767                     -32,767 
                    -127                        -127 
  Neg a tive
  64 bit
    -9223372036854775807  -9,223,372,036,854,775,807 
      -36028797018963967     -36,028,797,018,963,967 
        -140737488355327        -140,737,488,355,327 
           -549755813887            -549,755,813,887 
             -2147483647              -2,147,483,647 
                -8388607                  -8,388,607 
                  -32767                     -32,767 
                    -127                        -127 

The orig i nal pro gram only sup ported positive 64 in te gers, as we were only in ter ested in
pro duc ing more read able out put in the later mem ory ex am ples. This ver sion has 32 bit in te -
ger sup port and neg a tive in te ger sup port. 

Here is the test pro gram.
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pro gram test

  use in te ger_kind_mod ule
  use dis play_with_com mas_mod ule

  in te ger (i32)      :: x=2147483647
  in te ger (i64)      :: y=9223372036854775807_i64
  in te ger (i32)      :: x1=-2147483647
  in te ger (i64)      :: y1=-9223372036854775807_i64

  in te ger :: i

  print *,' Pos i tive'
  print *,' 32 bit'

  do I=1,4

    print 10,x,dis play_with_com mas(x)
    10 for mat(2x,i22,2x,a)
    x=x/256

  end do

  print *,' Pos i tive'
  print *,' 64 bit'

  do I=1,8

    print 10,y,dis play_with_com mas(y)
    y=y/256

  end do

  print *,' Neg a tive'
  print *,' 32 bit'

  do I=1,4

    print 10,x1,dis play_with_com mas(x1)
    x1=x1/256

  end do

  print *,' Neg a tive'
  print *,' 64 bit'

  do I=1,8
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    print 10,y1,dis play_with_com mas(y1)
    y1=y1/256

  end do
end pro gram test

The files are on our web site.

12.2 Chap ter 43 ex am ple 2: Kahan sum ma tion with timing

The fol low ing source files are re quired.

· in clude 'in te ger_kind_mod ule.f90'

· in clude 'pre ci sion_mod ule.f90'

· in clude 'tim ing_mod ule.f90'

· in clude 'kahan_sum ma tion_mod ule.f90'

ch4302.f90 is a test pro gram that con tains the above in clude files.

12.2.1 Sam ple out put

Here is some sam ple out put.

 2022/ 5/ 5 13:51:32  76
 N =     10000000
 Al lo cate              0.000000000000000000
 In itial ise            0.162999868392944336
 In trin sic sum ma tion   0.000000000000000000
                                               5000444.2793215252
 Kahan sum ma tion       0.062999963760375977
                                               5000444.2793215429
 N =    100000000
 Al lo cate              0.000000000000000000
 In itial ise            1.616000175476074219
 In trin sic sum ma tion   0.108999967575073242
                                              49998117.4713004455
 Kahan sum ma tion       0.524999856948852539
                                              49998117.4712983146
 N =   1000000000
 Al lo cate              0.047000169754028320
 In itial ise           16.238999843597412109
 In trin sic sum ma tion   1.116000175476074219
                                             499995574.2241585851
 Kahan sum ma tion       5.306999921798706055
                                             499995574.2241371870
 2022/ 5/ 5 13:51:57 720
 To tal time =                      25.629000

12.2.2 Test pro gram

Here is the test pro gram.

in clude 'in te ger_kind_mod ule.f90'
in clude 'pre ci sion_mod ule.f90'

in clude 'tim ing_mod ule.f90'

in clude 'kahan_sum ma tion_mod ule.f90'
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pro gram ch4302

  use tim ing_mod ule
  use pre ci sion_mod ule
  
  use kahan_sum ma tion_mod ule

  im plicit none

  in te ger (i64) :: n = 10000000_i64
  in te ger :: I
  in te ger :: j = 3

  real (dp), allocatable, di men sion (:)&
                             :: x
  real (dp) &
                             :: x_sum = 0.0_dp

  call start_tim ing()

  do i=1,j

    print 10,n
    10 for mat(' N = ',i12)

    al lo cate(x(n))

    print 20,time_dif fer ence()
    20 for mat(' Al lo cate            ',f22.18)

    call ran dom_num ber(x)

    print 30,time_dif fer ence()
    30 for mat(' In itial ise          ',f22.18)

    x_sum=sum(x)

    print 40, time_dif fer ence()
    40 for mat(' In trin sic sum ma tion ',f22.18)
 
    print 100, x_sum
    100 for mat(45x,f20.10)

    x_sum=kahan_sum(x,n)

    print 50, time_dif fer ence()
    50 for mat(' Kahan sum ma tion     ',f22.18) 

Miscellaneous new examples 93

© Ian D Chivers & Jane Sleightholme Chap ter 12



    print 100, x_sum

    deallocate(x)

    n=n*10_i64

  end do

  call end_tim ing()

end pro gram ch4302  

12.2.3 Kahan sum ma tion mod ule

Here is the Kahan Sum ma tion mod ule.

mod ule kahan_sum ma tion_mod ule

  use in te ger_kind_mod ule
  use pre ci sion_mod ule

con tains

    func tion kahan_sum(x,n)

    im plicit none

    real    (dp)  , in tent(in) , di men sion (:) :: x
    in te ger (i64) , in tent(in)                 :: n

    real (dp)                             :: kahan_sum  

    real (dp)                             :: sum
    real (dp)                             :: c
    real (dp)                             :: y
    real (dp)                             :: t

    in te ger (i64) :: I  

    kahan_sum=0.0_dp
    sum      =0.0_dp
    c        =0.0_dp

    do i=1,n

      y = x(I) - c
      t = sum + y
      c = (t - sum) - y
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      sum = t

    end do

    kahan_sum=sum

  end func tion kahan_sum

end mod ule kahan_sum ma tion_mod ule

12.3 Chap ter 43 ex am ple 3: du pli cate of ch1814, us ing the dis -
play_with_com mas mod ule

Here is the main pro gram.

!
! Ex am ple to show ar ray mem ory al lo ca tion
! us ing a range of com pil ers.
!
! We have sev eral types of ar ray
!
! 1.0 main pro gram ar ray
!
! 1.1 dy namic al lo ca tion in the main pro gram
! 
! 2.0 au to matic al lo ca tion in a sub rou tine
!
! 3.0 dy namic al lo ca tion in a subroutime
!

in clude 'in te ger_kind_mod ule.f90'
in clude 'ch4301_dis play_with_com mas_mod ule.f90'

pro gram ch4303

  use iso_c_bind ing
  use in te ger_kind_mod ule
  use dis play_with_com mas_mod ule
  use iso_for tran_env

  im plicit none

  in te ger , pa ram e ter                           :: n =
1024 * 1024
  in te ger                                       :: i
  in te ger , di men sion(n) , tar get               :: y 
  in te ger , di men sion(:) , allocatable , tar get :: z

  type    (c_ptr)  :: x
  in te ger (i64)    :: ad dress_as_in te ger
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  print *,''
  print *,com piler_ver sion()
  print *,''

  do i=1,n
    y(i)=i
  end do

  x = c_loc(y)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 10,ad dress_as_in te ger,dis play_with_com mas(ad -
dress_as_in te ger)
  10 for mat(' Main pro gram nor mal ar ray      ',i20,2x,a)

  al lo cate(z(n))

  z=y

  x = c_loc(z)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 20,ad dress_as_in te ger,dis play_with_com mas(ad -
dress_as_in te ger)
  20 for mat(' Main pro gram allocatable ar ray ',i20,2x,a)

  call au to matic_ar ray(n)

  call allocatable_ar ray(n)

end pro gram

sub rou tine au to matic_ar ray(n)

  use iso_c_bind ing
  use in te ger_kind_mod ule
  use dis play_with_com mas_mod ule

  im plicit none

  in te ger , in tent(in) :: n
  in te ger , di men sion(n) , tar get :: z 
  in te ger :: i

  type    (c_ptr)  :: x
  in te ger (i64)    :: ad dress_as_in te ger

  do i=1,n
    z(i)=i
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  end do

  x = c_loc(z)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 10,ad dress_as_in te ger,dis play_with_com mas(ad -
dress_as_in te ger)
  10 for mat(' Sub rou tine au to matic ar ray     ',i20,2x,a)

end sub rou tine

sub rou tine allocatable_ar ray(n)

  use iso_c_bind ing
  use in te ger_kind_mod ule
  use dis play_with_com mas_mod ule

  im plicit none

  in te ger , in tent(in) :: n
  in te ger , di men sion(:) , allocatable , tar get :: z
  in te ger :: i

  type    (c_ptr)  :: x
  in te ger (i64)    :: ad dress_as_in te ger

  al lo cate(z(n))

  do i=1,n
    z(i)=i
  end do

  x = c_loc(z)
  ad dress_as_in te ger = trans fer(x,ad dress_as_in te ger)
  print 10,ad dress_as_in te ger,dis play_with_com mas(ad -
dress_as_in te ger)
  10 for mat(' Sub rou tine allocatable ar ray   ',i20,2x,a)
  
end sub rou tine

12.3.1 Sam ple out put for the Nag, Intel and gfortran com pil ers un der Win -
dows and Linux

· gfortran Win dows

 
 GCC ver sion 13.2.0
 
 Main pro gram nor mal ar ray           140700387307584         
140,700,387,307,584 
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 Main pro gram allocatable ar ray        2239357063232           
2,239,357,063,232 
 Sub rou tine au to matic ar ray            2239361343552           
2,239,361,343,552 
 Sub rou tine allocatable ar ray          2239361347648           
2,239,361,347,648 

· Nag Win dows

 
 NAG For tran Com piler Re lease 7.1(Hanzomon) Build 7110
 
 Main pro gram nor mal ar ray                   4236224                   
4,236,224 
 Main pro gram allocatable ar ray            150339584                 
150,339,584 
 Sub rou tine au to matic ar ray                154533888                 
154,533,888 
 Sub rou tine allocatable ar ray              158728192                 
158,728,192 

· Intel Win dows

The de fault com pile causes a stack over flow er ror. The pro gram must be com piled with the
-heap-ar rays com piler flag.

 
 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.10.0 Build 20230609_000000
 
 Main pro gram nor mal ar ray           140698413403840         
140,698,413,403,840 
 Main pro gram allocatable ar ray        2490087874640           
2,490,087,874,640 
 Sub rou tine au to matic ar ray            2490092109904           
2,490,092,109,904 
 Sub rou tine allocatable ar ray          2490092122192           
2,490,092,122,192 

12.4 Chap ter 43 ex am ple 4: re write of ge neric sta tis tics mod ule
(ch2502) to sup port large ar ray sizes us ing 64 bit in te gers

Here is the main pro gram 

in clude 'pre ci sion_mod ule.f90'
in clude 'in te ger_kind_mod ule.f90'
in clude 'sta tis tics_mod ule_64.f90'
in clude 'tim ing_mod ule.f90'
in clude 'ch4301_dis play_with_com mas_mod ule.f90'

pro gram ch4304
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  use pre ci sion_mod ule
  use sta tis tics_mod ule
  use tim ing_mod ule
  use iso_for tran_env
  use dis play_with_com mas_mod ule

  im plicit none
  in te ger (i64) :: n
  in te ger :: i
  in te ger :: re peat_count
  real (sp), allocatable, di men sion (:) :: x
  real (sp) :: x_m, x_sd, x_me dian
  real (dp), allocatable, di men sion (:) :: y
  real (dp) :: y_m, y_sd, y_me dian
  real (qp), allocatable, di men sion (:) :: z
  real (qp) :: z_m, z_sd, z_me dian
  char ac ter *20, di men sion (3) :: head ing = [ '  Al lo cate    
', '  Ran dom      ', '  Sta tis tics  ' ]

  print *,''
  print *,com piler_ver sion()
  print *,''

  call start_tim ing()
  n            = 1024 * 1024 * 1024
  re peat_count = 4

  do i=1,re peat_count

  print 10,n,dis play_with_com mas(n)
  10 for mat(2x,i22,2x,a)

  print *, ' Sin gle pre ci sion'

  al lo cate (x(1:n))
  print 100, head ing(1), time_dif fer ence()
100 for mat (a20, 6x, f18.6)
  call ran dom_num ber(x)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(x, n, x_m, x_sd, x_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) x_m
110 for mat (' Mean               = ', f10.6)
  write (unit=*, fmt=120) x_sd
120 for mat (' Stan dard de vi a tion = ', f10.6)
  write (unit=*, fmt=130) x_me dian
130 for mat (' Me dian             = ', f10.6)

Miscellaneous new examples 99

© Ian D Chivers & Jane Sleightholme Chap ter 12



  deallocate (x)

  print *, ' Dou ble pre ci sion'

  al lo cate (y(1:n))
  print 100, head ing(1), time_dif fer ence()
  call ran dom_num ber(y)
  print 100, head ing(2), time_dif fer ence()
  call cal cu late_sta tis tics(y, n, y_m, y_sd, y_me dian)
  print 100, head ing(3), time_dif fer ence()
  write (unit=*, fmt=110) y_m
  write (unit=*, fmt=120) y_sd
  write (unit=*, fmt=130) y_me dian
  deallocate (y)

!  print *, ' Quad pre ci sion'
!
!  al lo cate (z(1:n))
!  print 100, head ing(1), time_dif fer ence()
!  call ran dom_num ber(z)
!  print 100, head ing(2), time_dif fer ence()
!  call cal cu late_sta tis tics(z, n, z_m, z_sd, z_me dian)
!  print 100, head ing(3), time_dif fer ence()
!  write (unit=*, fmt=110) z_m
!  write (unit=*, fmt=120) z_sd
!  write (unit=*, fmt=130) z_me dian
!  deallocate (z)

  n = n * 2

  end do

  call end_tim ing()

end pro gram ch4304

12.4.1 Sam ple out put for the Nag, Intel and gfortran com pil ers inder Win -
dows and Linux

· gfortran Win dows

C:\doc u ment\for tran\4th_edi tion_up date\ex am -
ples>ch4304_gfortran.exe

 GCC ver sion 13.2.0

 2023/11/ 7 12:38:10 485
              1073741824               1,073,741,824
  Sin gle pre ci sion
  Al lo cate                          0.000987
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  Ran dom                            2.005380
  Sta tis tics                       11.857487
 Mean               =   0.015625
 Stan dard de vi a tion =   0.124020
 Me dian             =   0.500002
  Dou ble pre ci sion
  Al lo cate                          0.125542
  Ran dom                            4.547941
  Sta tis tics                       12.649285
 Mean               =   0.500000
 Stan dard de vi a tion =   0.288671
 Me dian             =   0.499996
              2147483648               2,147,483,648
  Sin gle pre ci sion
  Al lo cate                          0.215840
  Ran dom                            4.083466
  Sta tis tics                       23.578701
 Mean               =   0.007812
 Stan dard de vi a tion =   0.088042
 Me dian             =   0.499994
  Dou ble pre ci sion
  Al lo cate                          0.214233
  Ran dom                            9.047108
  Sta tis tics                       30.270646
 Mean               =   0.500014
 Stan dard de vi a tion =   0.288674
 Me dian             =   0.500018
              4294967296               4,294,967,296
  Sin gle pre ci sion
  Al lo cate                          0.428649
  Ran dom                            8.095456
  Sta tis tics                       53.014031
 Mean               =   0.003906
 Stan dard de vi a tion =   0.062378
 Me dian             =   0.500012
  Dou ble pre ci sion
  Al lo cate                          0.486777
  Ran dom                           18.309089
  Sta tis tics                       60.314001
 Mean               =   0.500000
 Stan dard de vi a tion =   0.288676
 Me dian             =   0.499994
              8589934592               8,589,934,592
  Sin gle pre ci sion
  Al lo cate                          1.221751
  Ran dom                           16.181649
  Sta tis tics                      102.364031
 Mean               =   0.001953
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 Stan dard de vi a tion =   0.044151
 Me dian             =   0.499992
  Dou ble pre ci sion
  Al lo cate                          1.041581
  Ran dom                           36.459376
  Sta tis tics                      169.129995
 Mean               =   0.499994
 Stan dard de vi a tion =   0.288674
 Me dian             =   0.499995
 2023/11/ 7 12:47:38 290
 To tal time =                     567.804238

C:\doc u ment\for tran\4th_edi tion_up date\ex am ples>                                                                       

· Nag Win dows

C:\doc u ment\for tran\4th_edi tion_up date\ex am ples>ch4304_nag.exe

 NAG For tran Com piler Re lease 7.1(Hanzomon) Build 7110

 2023/11/ 7 13:24: 4 531
              1073741824               1,073,741,824
  Sin gle pre ci sion
  Al lo cate                          0.002557
  Ran dom                            3.270837
  Sta tis tics                       14.537686
 Mean               =   0.015625
 Stan dard de vi a tion =   0.124020
 Me dian             =   0.500009
  Dou ble pre ci sion
  Al lo cate                          0.125314
  Ran dom                            2.862425
  Sta tis tics                       15.025153
 Mean               =   0.500005
 Stan dard de vi a tion =   0.288672
 Me dian             =   0.499999
              2147483648               2,147,483,648
  Sin gle pre ci sion
  Al lo cate                          0.219053
  Ran dom                            7.172563
  Sta tis tics                       24.062931
 Mean               =   0.007812
 Stan dard de vi a tion =   0.088042
 Me dian             =   0.499982
  Dou ble pre ci sion
  Al lo cate                          0.278872
  Ran dom                            5.987126
  Sta tis tics                       27.168607
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 Mean               =   0.500003
 Stan dard de vi a tion =   0.288671
 Me dian             =   0.499989
              4294967296               4,294,967,296
  Sin gle pre ci sion
  Al lo cate                          0.419991
  Ran dom                            0.000122
  Sta tis tics                       25.099229
 Mean               =   0.000000
 Stan dard de vi a tion =   0.000135
 Me dian             =   0.000000
  Dou ble pre ci sion
  Al lo cate                          0.482229
  Ran dom                            0.000170
  Sta tis tics                       38.768510
 Mean               =   0.000000
 Stan dard de vi a tion =   0.000220
 Me dian             =   0.000000
              8589934592               8,589,934,592
  Sin gle pre ci sion
  Al lo cate                          1.288716
  Ran dom                            0.000162
  Sta tis tics                       57.107477
 Mean               =   0.000000
 Stan dard de vi a tion =   0.000155
 Me dian             =   0.000000
  Dou ble pre ci sion
  Al lo cate                          0.970672
  Ran dom                            0.000145
  Sta tis tics                      110.577813
 Mean               =   0.000000
 Stan dard de vi a tion =   0.000158
 Me dian             =   0.000000
 2023/11/ 7 13:29:41 683
 To tal time =                     337.139574

· Intel Win dows; the de fault com pile gen er ates a stack er ror. You need to add the

-heap-ar rays com piler flag.

C:\doc u ment\for tran\4th_edi tion_up date\ex am -
ples>ch4304_intel.exe

 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.10.0 Build 20230609_000000

 2023/11/ 7 14: 1:18  53
              1073741824               1,073,741,824
  Sin gle pre ci sion
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  Al lo cate                          0.000000
  Ran dom                            4.594000
  Sta tis tics                       12.969000
 Mean               =   0.125000
 Stan dard de vi a tion =   0.330719
 Me dian             =   0.499988
  Dou ble pre ci sion
  Al lo cate                          0.125000
  Ran dom                            7.953000
  Sta tis tics                       12.269000
 Mean               =   0.500011
 Stan dard de vi a tion =   0.288677
 Me dian             =   0.500016
              2147483648               2,147,483,648
  Sin gle pre ci sion
  Al lo cate                          0.329000
  Ran dom                            9.206000
  Sta tis tics                       19.750000
 Mean               =   0.062500
 Stan dard de vi a tion =   0.242061
 Me dian             =   0.500007
  Dou ble pre ci sion
  Al lo cate                          0.235000
  Ran dom                           15.926000
  Sta tis tics                       21.551000
 Mean               =   0.500012
 Stan dard de vi a tion =   0.288677
 Me dian             =   0.500020
              4294967296               4,294,967,296
  Sin gle pre ci sion
  Al lo cate                          0.656000
  Ran dom                           18.755000
  Sta tis tics                       40.801000
 Mean               =   0.031250
 Stan dard de vi a tion =   0.173993
 Me dian             =   0.500010
  Dou ble pre ci sion
  Al lo cate                          0.453000
  Ran dom                           31.863000
  Sta tis tics                       48.201000
 Mean               =   0.500002
 Stan dard de vi a tion =   0.288673
 Me dian             =   0.499996
              8589934592               8,589,934,592
  Sin gle pre ci sion
  Al lo cate                          1.062000
  Ran dom                           39.670000
  Sta tis tics                       98.813000
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 Mean               =   0.015625
 Stan dard de vi a tion =   0.124020
 Me dian             =   0.500009
  Dou ble pre ci sion
  Al lo cate                          1.031000
  Ran dom                           64.935000
  Sta tis tics                      288.877000
 Mean               =   0.499998
 Stan dard de vi a tion =   0.288675
 Me dian             =   0.499992
 2023/11/ 7 14:13:42  45
 To tal time =                     743.992000

C:\doc u ment\for tran\4th_edi tion_up date\ex am ples>

12.5 Files and com pi la tion de tails

Here is a list of the files as so ci ated with this chap ter.

· ch4301.f90

· ch4301_dis play_with_com mas.f90

· ch4301_dis play_with_com mas_mod ule.f90

· ch4301_dis play_with_com mas_test_pro gram.f90

· ch4302.f90

· ch4302_kahan_sum.c

· ch4302_kahan_sum ma tion_mod ule.f90

· ch4303.f90

· in te ger_kind_mod ule.f90

· ch4301_dis play_with_com mas_mod ule.f90

· ch4304.f90

· pre ci sion_mod ule.f90

· in te ger_kind_mod ule.f90

· sta tis tics_mod ule_64.f90

· tim ing_mod ule.f90

· ch4301_dis play_with_com mas_mod ule.f90

Where mul ti ple files are in volved we have pro vided batch files and shell scripts to help out.
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13 Using the Windows and Linux
memory api's

One or more files are re quired for these ex am ples. All files are avail able on our web site.
Here is a link

https://www.rhymneyconsulting.co.uk/for tran/

The tar and zip files con tain both all of the fourth edi tion ex am ples plus all new ex am ples.

13.1 Chap ter 44 ex am ple 1: Que ry ing mem ory avail abil ity and us age
us ing the Win dows API

Microsoft has an api that pro vides ac cess to in for ma tion about mem ory us age on a Win -
dows sys tem. Here is a link to their doc u men ta tion.

https://docs.microsoft.com/en-us/
win dows/win32/api/sysinfoapi/ns-sysinfoapi-memorystatusex

Here is the as so ci ated struct.

typedef struct _MEMORYSTATUSEX {
  DWORD     dwLength;
  DWORD     dwMemoryLoad;
  DWORDLONG ullTotalPhys;
  DWORDLONG ullAvailPhys;
  DWORDLONG ullTotalPageFile;
  DWORDLONG ullAvailPageFile;
  DWORDLONG ullTotalVirtual;
  DWORDLONG ullAvailVirtual;
  DWORDLONG ullAvailExtendedVirtual;
} MEMORYSTATUSEX, *LPMEMORYSTATUSEX;

In this ex am ple we pro vide a For tran in ter face to this in for ma tion, us ing the C interop fa cil -
i ties avail able in For tran.

Here is a link to the ex am ple that was a start ing point for our pro grams.

https://docs.microsoft.com/en-us/win dows/win32/
api/sysinfoapi/nf-sysinfoapi-globalmemorystatusex

13.1.1 Sam ple out put

Here is some sam ple out put.

 ch4303_intel.exe
 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca tions run ning
on Intel
 (R) 64, Ver sion 2021.5.0 Build 20211109_000000
  Mem ory us age                   26  %
  To tal phys i cal                 17,179,127,808
  Avail able phys i cal             12,598,317,056
  To tal page file                22,816,272,384
  Avail able page file            17,433,796,608
  To tal vir tual             140,737,488,224,256
  Avail able vir tual         140,733,142,515,712

Here is some sam ple out put from the NAG com piler on the same sys tem.

 ch4303_nag.exe
 NAG For tran Com piler Re lease 7.0(Yurakucho) Build 7017
  Mem ory us age          27  %
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  To tal phys i cal                 17,179,127,808
  Avail able phys i cal             12,488,970,240
  To tal page file                22,816,272,384
  Avail able page file            17,327,640,576
  To tal vir tual             140,737,488,224,256
  Avail able vir tual         140,733,001,248,768

13.1.2 For tran source file

Here is the For tran source file.

in clude 'in te ger_kind_mod ule.f90'
in clude 'dis play_with_com mas_mod ule.f90'
in clude 'mem ory_mod ule_win dows.f90'

pro gram ch4303

  use iso_for tran_env
  use mem ory_mod ule_win dows
  use dis play_with_com mas_mod ule

  print *,com piler_ver sion()
  print *,' Mem ory us age         ',MemoryLoad(),' %'
  print *,' To tal phys i cal       ',&
  dis play_with_com mas(TotalPhysical())
  print *,' Avail able phys i cal   ',&
  dis play_with_com mas(AvailablePhysical())
  print *,' To tal page file      ',&
  dis play_with_com mas(TotalPageFile())
  print *,' Avail able page file  ',&
  dis play_with_com mas(AvailablePageFile())
  print *,' To tal vir tual        ',&
  dis play_with_com mas(TotalVirtual())
  print *,' Avail able vir tual    ',&
  dis play_with_com mas(AvailableVirtual())

end pro gram ch4303

13.1.3 C source file

You also re quire the fol low ing C source file

ch4303_mem ory_mod ule_win dows.c

which is shown be low.

#in clude <win dows.h>

int mem ory_load()
{
  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);
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  re turn(statex.dwMemoryLoad);
}

long long int to tal_phys i cal()
{
  long long int t;

  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);

  t=statex.ullTotalPhys;
  re turn(t);
}

long long int avail able_phys i cal()
{
  long long int t;
  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);
  t=statex.ullAvailPhys;
  re turn(t);
}

long long int to tal_page_file()
{
  long long int t;
  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);
  t=statex.ullTotalPageFile;
  re turn(t);
}

long long int avail able_page_file()
{
  long long int t;
  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);
  t=statex.ullAvailPageFile;
  re turn(t);
}

long long int to tal_vir tual()
{

07/02/2024



  long long int t;
  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);

  t=statex.ullTotalVirtual;
  re turn(t);
}

long long int avail able_vir tual()
{
  long long int t;
  MEMORYSTATUSEX statex;
  statex.dwLength = sizeof (statex);
  GlobalMemoryStatusEx (&statex);

  t=statex.ullAvailVirtual;
  re turn(t);
}

13.2 Chap ter 44 ex am ple 2: Que ry ing mem ory avail abil ity and us age
us ing the Linux API

Here is a link to the Linux api.

https://man7.org/linux/man-pages/man2/sysinfo.2.html

Here is the struct.

struct sysinfo 
{
  long uptime;             /* Sec onds since boot */
  un signed long loads[3];  /* 1, 5, and 15 min ute load av er -
ages */
  un signed long totalram;  /* To tal us able main mem ory size
*/
  un signed long freeram;   /* Avail able mem ory size */
  un signed long sharedram; /* Amount of shared mem ory */
  un signed long bufferram; /* Mem ory used by buff ers */
  un signed long totalswap; /* To tal swap space size */
  un signed long freeswap;  /* Swap space still avail able */
  un signed short procs;    /* Num ber of cur rent pro cesses */
  un signed long totalhigh; /* To tal high mem ory size */
  un signed long freehigh;  /* Avail able high mem ory size */
  un signed int mem_unit;   /* Mem ory unit size in bytes */
  char _f[20-2*sizeof(long)-sizeof(int)];
  /* Pad ding to 64 bytes */
};

13.2.1 C source code

Here is out C code.
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#in clude <stdio.h>
#in clude <sys/sysinfo.h>

un signed long to tal_ram()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.totalram ) ;
}

un signed long free_ram()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.freeram ) ;
}

un signed long shared_ram()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.sharedram ) ;
}

un signed long buffer_ram()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.bufferram ) ;
}

un signed long to tal_swap()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.totalswap ) ;
}

un signed long free_swap()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.freeswap ) ;
}
un signed long to tal_high()
{
  struct sysinfo si;
  sysinfo (&si);
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    re turn( si.totalhigh ) ;
}

un signed long free_high()
{
  struct sysinfo si;
  sysinfo (&si);
    re turn( si.freehigh ) ;
}

13.2.2 For tran C interop code

Here is our For tran C interop code.

mod ule mem ory_mod ule_linux

  use :: iso_c_bind ing
  use :: in te ger_kind_mod ule

con tains

! 1

  func tion totalram()

    use :: iso_c_bind ing

    in ter face
      func tion to tal_ram() bind (c, name='to tal_ram')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: to tal_ram
      end func tion to tal_ram
    end in ter face

    in te ger (c_long_long) :: totalram

    totalram = to tal_ram()

  end func tion totalram

! 2

  func tion freeram()

    use :: iso_c_bind ing

    in ter face
      func tion free_ram() bind (c, name='free_ram')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: free_ram
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      end func tion free_ram
    end in ter face

    in te ger (c_long_long) :: freeram

    freeram = free_ram()

  end func tion freeram

! 3

  func tion sharedram()

    use :: iso_c_bind ing

    in ter face
      func tion shared_ram() bind (c, name='shared_ram')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: shared_ram
      end func tion shared_ram
    end in ter face

    in te ger (c_long_long) :: sharedram

    sharedram = shared_ram()

  end func tion sharedram

! 4

  func tion bufferram()

    use :: iso_c_bind ing

    in ter face
      func tion buffer_ram() bind (c, name='buffer_ram')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: buffer_ram
      end func tion buffer_ram
    end in ter face

    in te ger (c_long_long) :: bufferram

    bufferram = buffer_ram()

  end func tion bufferram

! 5
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  func tion totalswap()

    use :: iso_c_bind ing

    in ter face
      func tion to tal_swap() bind (c, name='to tal_swap')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: to tal_swap
      end func tion to tal_swap
    end in ter face

    in te ger (c_long_long) :: totalswap

    totalswap = to tal_swap()

  end func tion totalswap

! 6

  func tion freeswap()

    use :: iso_c_bind ing

    in ter face
      func tion free_swap() bind (c, name='free_swap')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: free_swap
      end func tion free_swap
    end in ter face

    in te ger (c_long_long) :: freeswap

    freeswap = free_swap()

  end func tion freeswap

! 7

  func tion totalhigh()

    use :: iso_c_bind ing

    in ter face
      func tion to tal_high() bind (c, name='to tal_high')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: to tal_high
      end func tion to tal_high
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    end in ter face

    in te ger (c_long_long) :: totalhigh

    totalhigh = to tal_high()

  end func tion totalhigh

! 8

  func tion freehigh()

    use :: iso_c_bind ing

    in ter face
      func tion free_high() bind (c, name='free_high')
        use :: in te ger_kind_mod ule
        in te ger (i64) :: free_high
      end func tion free_high
    end in ter face

    in te ger (c_long_long) :: freehigh

    freehigh = free_high()

  end func tion freehigh

end mod ule

13.2.3 For tran test pro gram

Here is the driv ing pro gram.

in clude 'in te ger_kind_mod ule.f90'
in clude 'ch4304_mem ory_mod ule_linux.f90'
in clude 'dis play_with_com mas_mod ule.f90'

pro gram ch4304

  use iso_for tran_env
  use mem ory_mod ule_linux
  use dis play_with_com mas_mod ule

  print *,com piler_ver sion()
  print *,' To tal     ram  ',totalram()  ,' ',dis -
play_with_com mas(totalram())
  print *,' Free      ram  ',freeram()   ,' ',dis -
play_with_com mas(freeram())
  print *,' Share     ram  ',sharedram() ,' ',dis -
play_with_com mas(sharedram())
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  print *,' Buffer    ram  ',bufferram() ,' ',dis -
play_with_com mas(bufferram())
  print *,' To tal     swap ',totalswap() ,' ',dis -
play_with_com mas(totalswap())
  print *,' Free      swap ',freeswap()  ,' ',dis -
play_with_com mas(freeswap())
  print *,' To tal     high ',totalhigh() ,' ',dis -
play_with_com mas(totalhigh())
  print *,' Free      high ',freehigh()  ,' ',dis -
play_with_com mas(freehigh())
end pro gram ch4304

13.2.4 Sample com pile script

Here is the gnu For tran com pile script.

gcc -c ch4304_mem ory_mod ule_linux.c 
    -o ch4304_mem ory_mod ule_linux.o
gfortran ch4304.f90 ch4304_mem ory_mod ule_linux.o
    -o ch4304.out

13.2.5 Sam ple out put

Here are some sam ple out puts. The first 4 are on the same na tive Ubuntu in stal la tion.
 GCC ver sion 9.4.0
  To tal     ram            67130130432              67,130,130,432
  Free      ram            62834323456              62,834,323,456
  Share     ram               26738688                  26,738,688
  Buffer    ram               73711616                  73,711,616
  To tal     swap            2147479552               2,147,479,552
  Free      swap            2147479552               2,147,479,552
  To tal     high                     0                           0
  Free      high                     0                           0

 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.8.0 Build 20221119_000000
  To tal     ram             67130130432              67,130,130,432
  Free      ram             62828130304              62,828,130,304
  Share     ram                26738688                  26,738,688
  Buffer    ram                73719808                  73,719,808
  To tal     swap             2147479552               2,147,479,552
  Free      swap             2147479552               2,147,479,552
  To tal     high                      0                           0
  Free      high                      0                           0

 NAG For tran Com piler Re lease 7.1(Hanzomon) Build 7114
  To tal     ram   67130130432              67,130,130,432
  Free      ram   62823251968              62,823,251,968
  Share     ram   26738688                  26,738,688
  Buffer    ram   73732096                  73,732,096
  To tal     swap  2147479552               2,147,479,552
  Free      swap  2147479552               2,147,479,552
  To tal     high  0                           0
  Free      high  0                           0

 nvfortran 22.5-0
  To tal     ram                67130130432              67,130,130,432
  Free      ram                62817316864              62,817,316,864
  Share     ram                   26435584                  26,435,584
  Buffer    ram                   73748480                  73,748,480
  To tal     swap                2147479552               2,147,479,552
  Free      swap                2147479552               2,147,479,552
  To tal     high                         0                           0
  Free      high                         0                           0
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The next one is the same sys tem as the pre vi ous, but using openSuSe Timbleweed un der
WSL.
 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.8.0 Build 20221119_000000
  To tal     ram             68412305408              68,412,305,408 
  Free      ram             61039616000              61,039,616,000 
  Share     ram                       0                           0 
  Buffer    ram                       0                           0 
  To tal     swap           127830847488             127,830,847,488 
  Free      swap           127830847488             127,830,847,488 
  To tal     high              142548992                 142,548,992 
  Free      high                 278528                     278,528 

The next one is on the same sys tem, us ing Redhat 9 un der hy per-v.
Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.8.0 Build 20221119_000000
  To tal     ram             26157993984              26,157,993,984 
  Free      ram             24257781760              24,257,781,760 
  Share     ram                34058240                  34,058,240 
  Buffer    ram                 2965504                   2,965,504 
  To tal     swap             8451518464               8,451,518,464 
  Free      swap             8451518464               8,451,518,464 
  To tal     high                      0                           0 
  Free      high                      0                           0 

This sys tem has been hard coded to have a sub set of the to tal physical ram.

13.3 Chap ter 44 ex am ple 3: Kahan sum ma tion with mem ory us age -
Windows

Here is the For tran source for ch4305.

in clude 'in te ger_kind_mod ule.f90'
in clude 'pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'

in clude 'dis play_with_com mas_mod ule.f90'

in clude 'kahan_sum ma tion_mod ule.f90'
in clude 'mem ory_mod ule_win dows.f90'

pro gram ch4305

  use tim ing_mod ule
  use pre ci sion_mod ule
  
  use kahan_sum ma tion_mod ule

  use mem ory_mod ule_win dows
  use dis play_with_com mas_mod ule

  im plicit none

  in te ger (i64) :: n = 10000000_i64
  in te ger :: I
  in te ger :: j = 4
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  in te ger (i64) , pa ram e ter :: sixty_four_bit=8_i64
  in te ger (i64) :: nbytes

  real (dp), allocatable, di men sion (:) :: x
  real (dp)                             :: x_sum =
0.0_dp

  char ac ter (len=20) :: head ing = 'call mem ory us age   '
  in te ger :: lu=6
  call start_tim ing()

  do i=1,j

    nbytes=n*sixty_four_bit
    print *,' Prob lem size'
    print *, dis play_with_com mas(n)
    print *, dis play_with_com mas(nbytes),' bytes'

    if ( AvailablePhysical() < nbytes ) then
      print *,' In suf fi cient mem ory '     
      print *,' Mem ory us age         ',&
               MemoryLoad(),' %'
      print *,' To tal phys i cal       ',&
     dis play_with_com mas(TotalPhysical())
      print *,' Avail able phys i cal   ',&
     dis play_with_com mas(AvailablePhysical())
      print *,' Pro gram ter mi nates'
      stop 20
    end if

    al lo cate(x(n))

    print 20,time_dif fer ence()
    20 for mat(' Al lo cate            ',f22.18)

    call ran dom_num ber(x)

    print 30,time_dif fer ence()
    30 for mat(' In itial ise          ',f22.18)

    x_sum=sum(x)

    print 40, time_dif fer ence()
    40 for mat(' In trin sic sum ma tion ',f22.18)
 
    print 100, x_sum
    100 for mat(45x,f20.10)
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    x_sum=kahan_sum(x,n)

    print 50, time_dif fer ence()
    50 for mat(' Kahan sum ma tion     ',f22.18) 

    print 100, x_sum

    print *,' Mem ory us age         ',&
             MemoryLoad(),' %'
    print *,' To tal phys i cal       ',
    dis play_with_com mas(TotalPhysical())
    print *,' Avail able phys i cal   ',&
    dis play_with_com mas(AvailablePhysical())

    deallocate(x)

    n=n*10_i64

  end do

  call end_tim ing()

end pro gram ch4305

13.3.1 Sam ple out put

Here is some sam ple out put.

14:43:14 D:\for tran_web_site >  ch4305_intel
 2022/ 5/ 5 14:43:19 474
  Prob lem size
               10,000,000
               80,000,000 bytes
 Al lo cate              0.015000104904174805
 In itial ise            0.167999982833862305
 In trin sic sum ma tion   0.008999824523925781

5000444.2793215252
 Kahan sum ma tion       0.047000169754028320

5000444.2793215429
  Mem ory us age                   20  %
  To tal phys i cal                 17,179,127,808
  Avail able phys i cal             13,604,413,440
  Prob lem size
              100,000,000
              800,000,000 bytes
 Al lo cate              0.014999866485595703
 In itial ise            1.644000053405761719
 In trin sic sum ma tion   0.108999967575073242
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49998117.4713004455
 Kahan sum ma tion       0.535000085830688477

49998117.4712983146
  Mem ory us age                   24  %
  To tal phys i cal                 17,179,127,808
  Avail able phys i cal             12,886,278,144
  Prob lem size
            1,000,000,000
            8,000,000,000 bytes
 Al lo cate              0.047999858856201172
 In itial ise           16.639000177383422852
 In trin sic sum ma tion   1.218999862670898438

499995574.2241585851
 Kahan sum ma tion       5.355000019073486328

499995574.2241371870
  Mem ory us age                   66  %
  To tal phys i cal                 17,179,127,808
  Avail able phys i cal              5,768,028,160
  Prob lem size
           10,000,000,000
           80,000,000,000 bytes
  In suf fi cient mem ory
  Mem ory us age                   19  %
  To tal phys i cal                 17,179,127,808
  Avail able phys i cal             13,841,661,952
  Pro gram ter mi nates
20

We can use the mem ory func tions to de tect that there is insufficient mem ory to make the al -
lo ca tion and ter mi nate the program, pro vid ing mem ory us age fig ures.

13.4 Chap ter 44 ex am ple 4: Kahan sum ma tion with mem ory us age:
Linux

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'
in clude 'pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'

in clude 'dis play_with_com mas_mod ule.f90'

in clude 'kahan_sum ma tion_mod ule.f90'
in clude 'mem ory_mod ule_linux.f90'

pro gram ch4306

07/02/2024



  use tim ing_mod ule
  use pre ci sion_mod ule
  
  use kahan_sum ma tion_mod ule

  use mem ory_mod ule_linux
  use dis play_with_com mas_mod ule

  im plicit none

  in te ger (i64) :: n = 10000000_i64
  in te ger :: I
  in te ger :: j = 4
  in te ger (i64) , pa ram e ter :: sixty_four_bit=8_i64
  in te ger (i64) :: nbytes

  real (dp), allocatable, di men sion (:) :: x
  real (dp)                             :: x_sum =
0.0_dp

  char ac ter (len=20) :: head ing = 'call mem ory us age   '
  in te ger :: lu=6
  call start_tim ing()

  do i=1,j

    nbytes=n*sixty_four_bit
    print *,' Prob lem size'
    print *, dis play_with_com mas(n)
    print *, dis play_with_com mas(nbytes),' bytes'

    if ( freeram() < nbytes ) then
      print *,' In suf fi cient mem ory ' 
      print *,' Num ber of bytes =    ' , dis play_with_com -
mas(nbytes)
      print *,' To tal phys i cal       ' , dis play_with_com -
mas(freeram())
      print *,' Avail able phys i cal   ' , dis play_with_com -
mas(totalram())
      stop 20
    end if

    al lo cate(x(n))

    print 20,time_dif fer ence()
    20 for mat(' Al lo cate            ',f22.18)
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    call ran dom_num ber(x)

    print 30,time_dif fer ence()
    30 for mat(' In itial ise          ',f22.18)

    x_sum=sum(x)

    print 40, time_dif fer ence()
    40 for mat(' In trin sic sum ma tion ',f22.18)
 
    print 100, x_sum
    100 for mat(45x,f20.10)

    x_sum=kahan_sum(x,n)

    print 50, time_dif fer ence()
    50 for mat(' Kahan sum ma tion     ',f22.18) 

    print 100, x_sum

    print *,' To tal phys i cal       ',dis play_with_com -
mas(freeram())
    print *,' Avail able phys i cal   ',dis play_with_com -
mas(totalram())

    deallocate(x)

    n=n*10_i64

  end do

  call end_tim ing()

end pro gram ch4306

13.4.1 Sam ple out put

Here is some sam ple out put.

./ch4306_gnu.out
 2022/ 5/ 5 14:49:30 381
  Prob lem size
               10,000,000
               80,000,000 bytes
 Al lo cate              0.000101700000001870
 In itial ise            0.115071700000001442
 In trin sic sum ma tion   0.015628499999998269
                                               5000669.2088570781
 Kahan sum ma tion       0.055942299999998113
                                               5000669.2088573920
  To tal phys i cal                 13,136,986,112
  Avail able phys i cal             13,393,960,960
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  Prob lem size
              100,000,000
              800,000,000 bytes
 Al lo cate              0.000668300000000954
 In itial ise            1.110655600000001186
 In trin sic sum ma tion   0.149585000000001855
                                              49997221.2586892843
 Kahan sum ma tion       0.528356199999997500
                                              49997221.2587036043
  To tal phys i cal                 12,415,856,640
  Avail able phys i cal             13,393,960,960
  Prob lem size
            1,000,000,000
            8,000,000,000 bytes
 Al lo cate              0.003667399999997656
 In itial ise           12.188676499999999692
 In trin sic sum ma tion   1.512021000000004278
                                             500006058.1260393262
 Kahan sum ma tion       5.293246199999998680
                                             500006058.1257698536
  To tal phys i cal                  5,201,567,744
  Avail able phys i cal             13,393,960,960
  Prob lem size
           10,000,000,000
           80,000,000,000 bytes
  In suf fi cient mem ory
  Num ber of bytes =              80,000,000,000
  To tal phys i cal                 13,216,075,776
  Avail able phys i cal             13,393,960,960
STOP 20

13.5 Chap ter 44 ex am ple 5: Mod i fied mem ory leak ex am ple with mem -
ory check ing - Win dows

Here is the For tran source.

in clude 'in te ger_kind_mod ule.f90'
in clude 'mem ory_mod ule_win dows.f90'
in clude 'dis play_with_com mas_mod ule.f90'

! Up date of ch1806 to give a di ag nos tic in for ma tion
! about the run time mem ory be hav iour
! of the pro gram

pro gram ch4307

  use iso_for tran_env

  use in te ger_kind_mod ule
  use mem ory_mod ule_win dows
  use dis play_with_com mas_mod ule

!
! This is a vari a tion on
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! the pointer ex am ple in chap ter
! 18 that has a mem ory leak.
!
! We use the mem ory query func tions to pro vide 
! warn ing mes sages as mem ory us age goes up.
!

  im plicit none

  in te ger (i64)             :: n = 100000000_i64
  in te ger (i64)             :: I=0

  in te ger                   :: al lo cate_sta tus = 0

  in te ger (i64) , di men sion ( : ) , pointer :: x
  in te ger (i64) , di men sion (1:5) , tar get  :: y

  real                                      :: avail -
able
  real                                      :: phys i -
cal
  real                                      :: per -
cent age_free

  Print *,' Pro gram starts'
  print *,com piler_ver sion()
  print *,' Mem ory us age         ',MemoryLoad(),' %'
  print *,' To tal phys i cal       ',dis play_with_com -
mas(TotalPhysical())
  print *,' Avail able phys i cal   ',dis play_with_com -
mas(AvailablePhysical())
  print *,' To tal page file      ',dis play_with_com -
mas(TotalPageFile())
  print *,' Avail able page file  ',dis play_with_com -
mas(AvailablePageFile())
  print *,' To tal vir tual        ',dis play_with_com -
mas(TotalVirtual())
  print *,' Avail able vir tual    ',dis play_with_com -
mas(AvailableVirtual())

  phys i cal = real(AvailablePhysical())
  print *,' '
  print *,' Loop starts'
  print *,' '

  do

    al lo cate (x(1:n), stat=al lo cate_sta tus)
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    if (al lo cate_sta tus>0) then
      print *, ' al lo cate failed. pro gram ends.'
      stop
    end if

    x =  1_i64

    y = 10_i64

    x => y !                        x now points to y

    i=I+1

    avail able = real(AvailablePhysical())

    per cent age_free = (avail able/phys i cal)*100

    if (per cent age_free < 5.0) then
      print *,' Mem ory us age over 95%'
      print *,' Pro gram ter mi nates'
      print *,' It er a tion count was ',I
      stop 20
    end if

  end do

end pro gram

13.5.1 Sam ple out put

Here is some sam ple out put.

ch4307_nag.exe
  Pro gram starts
 NAG For tran Com piler Re lease 7.0(Yurakucho) Build 7048
  Mem ory us age          13  %
  To tal phys i cal                   33,663,741,952
  Avail able phys i cal               28,979,843,072
  To tal page file                  38,764,015,616
  Avail able page file              32,489,934,848
  To tal vir tual               140,737,488,224,256
  Avail able vir tual           140,733,000,802,304

  Loop starts

  Mem ory us age over 95%
  Pro gram ter mi nates
  It er a tion count was  35
STOP: 20
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13.6 Chap ter 44 ex am ple 6: Mod i fied mem ory leak ex am ple with mem -
ory check ing - Linux

Here is the source file.

in clude 'in te ger_kind_mod ule.f90'
in clude 'mem ory_mod ule_linux.f90'
in clude 'dis play_with_com mas_mod ule.f90'

! Up date of ch1806 to give a di ag nos tic in for ma tion
! about the run time mem ory be hav iour
! of the pro gram

pro gram ch4308

  use iso_for tran_env

  use in te ger_kind_mod ule
  use mem ory_mod ule_linux
  use dis play_with_com mas_mod ule

!
! This is a vari a tion on
! the pointer ex am ple in chap ter
! 18 that has a mem ory leak.
!
! We use the mem ory query func tions to pro vide 
! warn ing mes sages as mem ory us age goes up.
!

  im plicit none

  in te ger (i64)             :: n = 100000000_i64
  in te ger (i64)             :: I=0

  in te ger                   :: al lo cate_sta tus = 0

  in te ger (i64) , di men sion ( : ) , pointer :: x
  in te ger (i64) , di men sion (1:5) , tar get  :: y

  real                                      :: avail -
able
  real                                      :: phys i -
cal
  real                                      :: per -
cent age_free

  Print *,' Pro gram starts'
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  print *,com piler_ver sion()
  print *,' To tal ram  ',totalram(),' ',dis play_with_com -
mas(totalram())
  print *,' Free  ram  ',freeram() ,' ',dis play_with_com -
mas(freeram())

  phys i cal = real(totalram())
  print *,' '
  print *,' Loop starts'
  print *,' '

  do

    al lo cate (x(1:n), stat=al lo cate_sta tus)

    if (al lo cate_sta tus>0) then
      print *, ' al lo cate failed. pro gram ends.'
      stop
    end if

    x =  1_i64

    y = 10_i64

    x => y !                        x now points to y

    i=I+1

    avail able = real(freeram())

    per cent age_free = (avail able/phys i cal)*100

    if (per cent age_free < 5.0) then
      print *,' Mem ory us age over 95%'
      print *,' Pro gram ter mi nates'
      print *,' It er a tion count was ',I
      stop 20
    end if

  end do

end pro gram

13.6.1 Sam ple out put
Here is some sam ple out put.

./ch4308_gnu.out
  Pro gram starts
 GCC ver sion 11.2.1 20220420 [re vi sion
691af15031e00227ba6d5935c1d737026cda4129]
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  To tal ram            33663741952              33,663,741,952
  Free  ram            29230915584              29,230,993,408

  Loop starts

  Mem ory us age over 95%
  Pro gram ter mi nates
  It er a tion count was                    35
STOP 20

13.7 Files and com pi la tion de tails

Here is a list of the files as so ci ated with this chap ter.

· ch4401.f90

· ch4401_mem ory_mod ule_win dows.c

· ch4401_mem ory_mod ule_win dows.f90

· ch4402.f90

· ch4402_mem ory_mod ule_linux.c

· ch4402_mem ory_mod ule_linux.f90

· ch4402_test.f90

· ch4402_wsl_suse.sh

· ch4403.f90

· ch4403_linux.f90

· ch4403_win dows.f90

· ch4404.f90

· ch4405.f90

· ch4406.f90

Where mul ti ple files are in volved we have pro vided batch files and shell scripts to help out.
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14 Nvidia HPC toolkit and gpu
programming

Both Intel and Nvidia toolkits of fer the pos si bil ity of de vel op ing code that can run on both
CPUs and GPUs, i.e. with a sys tem with a cpu and graphics card it is pos si ble to do pro -
cess ing on both the CPU and GPU. In this chap ter we look at Nvidia of fer ings.

14.1 Nvidia Toolkit over view

Nvidia make the fol low ing toolkits avail able.

· Nvidia HPC toolkit

· Nvidia Cuda toolkit

The HPC toolkit can be found at

https://de vel oper.nvidia.com/hpc-sdk

and the Cuda toolkit can be found at

https://de vel oper.nvidia.com/cuda-down loads

More de tailed cov er age is given be low.

14.2 Nvidia HPC toolkit

We have used it on a va ri ety of Linux plat forms. This is not avail able cur rently on a Win -
dows plat form. 

14.3 Nvidia Cuda toolkit

This is avail able for both Win dows and Linux. We have used it on both plat forms.

14.4 Nvidia and GPU programming

In ad di tion to con ven tional For tran and C++ pro gram ming we are also try ing out us age of
the GPU, and have started run ning their ex am ples and writ ing our own par al lel ex am ples.

14.4.1 Nvidia For tran

For For tran (us ing nvfortran) we have tried the fol low ing

· na tive linux

· hy per-v and a linux distro

· wsl and a linux distro

· There is no Win dows HPC toolkit at this time.

They all re quire ac cess via an Nvidia driver to the GPU for the CUDA For tran ex am ples.
The only one we have got to work is a na tive ubuntu 20.04.4 in stall on the Dell T5820.

The com piler can also be used as a plain For tran com piler.

We have had a num ber of prob lems with dif fer ent ver sions of the sdk for gen eral pur pose
For tran pro gram ming with our fourth edi tion ex am ples. We have used the fol low ing ver -
sions

· 21.3

· 21.9

· 21.11
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· 22.3

· 22.5

· 22.7

· 22.11

Ver sion 22.5 com piles most of the ex am ples from the book.

The fol low ing are gen eral com pi la tion mes sages, which ap ply to all ver sions:

· a warn ing about de tec tion of in te ger over flow;

· kind type er rors with 128 bit reals - Nvidia sup port 32 and 64 bit reals only;

· no sup port for allocatable com po nents;

· C com pi la tion er rors due to lack of con for mance to the lat est C stan dards;

These di ag nos tic mes sages are not a real is sue.

We get prob lems with malloc and loader warn ings with the 21.3 ver sion.

We get il le gal in struc tion gen er a tion with the 21.9 and 21.11 ver sions on an AMD hard -
ware plat form.

We am cur rently us ing the fol low ing sys tem set ups:

· Dell T5280, Nvidia graphics card, Quadro RTX 4000 with 8GB of RAM

· ubuntu 20.04.4, na tive in stall, 22.5 - works;

· openSuSe 15.3, hy per-v in stall, 22.5;

· ubuntu 20.04.4, wsl in stall, 22.5;

· Dell 5515, Intel graphics card

· openSuSe 15.3, hy per-v, 22.3;

· ubuntu 20.04.4, wsl, 22.5;

· Dell 7100, Nvidia graphics card, Geforce GTX 750 GTi

· openSuSe 15.3, na tive in stall, 22.7, il le gal in struc tion er ror 

mes sages when run ning the executables;

· ubuntu 20.04.4, wsl, 22.5;

Ob vi ously if you don't have an Nvidia graphics card you can't run and try out some of the
GPU ex am ples.

14.5 Par al lel pro gram ming and Cuda Fortran

The fol low ing in for ma tion has been taken from the Cuda For tran Pro gram ming guide. The
on line ver sion is avail able at:

https://docs.nvidia.com/hpc-sdk/com pil ers/
cuda-for tran-prog-guide/in dex.html#ab stract

· Graphic pro cess ing units or GPUs have evolved into pro gram ma ble, highly par -
al lel com pu ta tional units with very high mem ory band width, and tre men dous po -

ten tial for many ap pli ca tions. GPU de signs are op ti mized for the com pu ta tions

found in graphics ren der ing, but are gen eral enough to be use ful in many

data-par al lel, com pute-in ten sive pro grams.
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· NVIDIA in tro duced CUDA®, a gen eral pur pose par al lel pro gram ming ar chi tec -

ture, with com pil ers and li brar ies to sup port the pro gram ming of NVIDIA GPUs. 

CUDA co mes with an ex tended C com piler, here called CUDA C, al low ing di -

rect pro gram ming of the GPU from a high level lan guage. The pro gram ming

model sup ports four key ab strac tions: co op er at ing threads or ga nized into thread

groups, shared mem ory and bar rier syn chro ni za tion within thread groups, and

co or di nated in de pend ent thread groups or ga nized into a grid. A CUDA pro gram -

mer must par ti tion the pro gram into coarse grain blocks that can be ex e cuted in

par al lel. Each block is par ti tioned into fine grain threads, which can co op er ate

us ing shared mem ory and bar rier syn chro ni za tion. A prop erly de signed CUDA

pro gram will run on any CUDA-en abled GPU, re gard less of the num ber of

avail able pro ces sor cores.

· CUDA For tran in cludes a For tran 2003 com piler and tool chain for pro gram -
ming NVIDIA GPUs us ing For tran. NVIDIA 2022 in cludes sup port for CUDA

For tran on Linux. CUDA For tran is an an a log to NVIDIA's CUDA C com piler.

Com pared to the NVIDIA OpenACC di rec tives-based model and com pil ers,

CUDA For tran is a lower-level ex plicit pro gram ming model with sub stan tial

runtime li brary com po nents that give ex pert pro gram mers di rect con trol of all as -

pects of GPGPU pro gram ming.

This is from the 22.11 ver sion.

The fol low ing has been taken from CUDA For tran for Sci en tists and En gi neers, and here is
a link to the book.
https://www.elsevier.com/books/
cuda-for tran-for-sci en tists-and-en gi neers/ruetsch/978-0-12-416970-8

· .... A few char ac ter is tics of the CUDA pro gram ming model are very dif fer ent

from cpu based par al lel pro gram ming mod els. One dif fer ence is that there is

very lit tle over head as so ci ated with cre at ing gpu based threads. In ad di tion to

fast thread cre ation, con text switches, where threads change state from ac tive to

in ac tive and vice versa, are very fast for gpu threads based to cpu threads. .... In

the CUDA pro gram ming model, we es sen tially write a se rial code that is ex e -

cuted by many gpu based threads in par al lel. Each thread ex e cut ing this code has 

a means of iden ti fy ing it self in or der to op er ate on dif fer ent data, but the code

that CUDA threads ex e cute is very sim i lar to what we would write for se rial

CPU code......

The book is avail able in both printed and elec tronic ver sions. Es sen tial com ple ment to the
PGI and Nvidia pro vided doc u men ta tion.

14.6 Ba sic steps in volved in CUDA For tran pro gram ming

The fol low ing 6 steps are in volved in Cuda For tran pro gram ming.

· Ini tial ize and se lect the GPU to run on. Of ten this is im plicit in the pro gram and

de faults to NVIDIA de vice 0.

· Al lo cate space for data on the GPU.

· Move data from the host to the GPU, or in some cases, ini tial ize the data on the

GPU.

· Launch ker nels from the host to run on the GPU.
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· Gather re sults back from the GPU for fur ther anal y sis our out put from the host

pro gram.

· Deallocate the data on the GPU al lo cated in step 2. This might be im plic itly per -

formed when the host pro gram ex its.

CUDA For tran al lows the def i ni tion of For tran sub rou tines that ex e cute in par al lel on the
GPU when called from the For tran pro gram which has been in voked and is run ning on the
host or, start ing in CUDA 5.0, on the de vice. Such a sub rou tine is called a de vice kernel or
kernel.

A call to a ker nel spec i fies how many par al lel in stances of the ker nel must be ex e cuted;
each in stance will be ex e cuted by a dif fer ent CUDA thread. The CUDA threads are or ga -
nized into thread blocks, and each thread has a global thread block in dex, and a lo cal thread 
in dex within its thread block.

De vice sub pro grams have ac cess to block and grid in di ces and di men sions through sev eral
built-in read-only vari ables. These vari ables are of type dim3; the mod ule cudafor de fines
the de rived type dim3 as follows:

type(dim3)
    in te ger(kind=4) :: x,y,z
end type

These pre de fined vari ables are not ac ces si ble in host subprograms.

· The vari able threadidx con tains the thread in dex within its thread block; for

one- or two-di men sional thread blocks, the threadidx%y and/or

threadidx%z com po nents have the value one.

· The vari able blockdim con tains the di men sions of the thread block;

blockdim has the same value for all thread blocks in the same grid.

· The vari able blockidx con tains the block in dex within the grid; as with

threadidx, for one-di men sional grids, blockidx%y and/or blockidx%z has

the value one.

· The vari able griddim con tains the di men sions of the grid.

· The con stant warpsize is de clared to be type in te ger. Threads are ex e cuted in

groups of 32, called warps; warpsize con tains the num ber of threads in a warp,

and is cur rently 32.

The ex am ples that fol low typ i cally use

· threadidx

· blockdim

· blockidx

in the code.

14.6.1 Ex e cu tion Con fig u ra tion

A call to a ker nel sub rou tine must spec ify an ex e cu tion con fig u ra tion. The ex e cu tion con -
fig u ra tion de fines the dimensionality and ex tent of the grid and thread blocks that ex e cute
the sub rou tine. It may also spec ify a dy namic shared mem ory ex tent, in bytes, and a stream
iden ti fier, to sup port con cur rent stream execution on the device.

A ker nel sub rou tine call looks like this:
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call ker nel<<<grid,block[,bytes][,streamid]>>>(arg1,arg2,...)
where

· grid and block are ei ther in te ger ex pres sions (for one-di men sional grids and

thread blocks), or are type(dim3), for one- or two-di men sional grids and thread

blocks.

· If grid is type(dim3), the value of each com po nent must be equal to or greater

than one, and the prod uct is usu ally lim ited by the com pute ca pa bil ity of the de -

vice.

· If block is type(dim3), the value of each com po nent must be equal to or greater

than one, and the prod uct of the com po nent val ues must be less than or equal to

1024.

· The value of bytes must be an in te ger; it spec i fies the num ber of bytes of shared

mem ory to be al lo cated for each thread block, in ad di tion to the stat i cally al lo -

cated shared mem ory. This mem ory is used for the as sumed-size shared vari -

ables in the thread block; re fer to Shared data for more in for ma tion. If the value

of bytes is not spec i fied, its value is treated as zero.

· The value of streamid must be an in te ger greater than or equal to zero; it spec i -

fies the stream to which this call is as so ci ated. Non zero stream val ues can be

cre ated with a call to cudaStreamCreate. Start ing in CUDA 7.0, the con stant
cudaStreamPerThread can be spec i fied to use a unique de fault stream for each

CPU thread.

We will il lus trate the above in the ex am ples.

14.6.2 Thread Blocks

Each thread is as signed a thread block in dex ac cessed through the built-in blockidx vari -
able, and a thread in dex ac cessed through threadidx. The thread in dex may be a one-, two-,
or three-di men sional in dex. In CUDA For tran, the thread in dex for each di men sion starts at
one.

Threads in the same thread block may co op er ate by us ing shared mem ory, and by syn chro -
niz ing at a bar rier us ing the SYNCTHREADS() in trin sic. Each thread in the block waits at
the call to SYNCTHREADS() un til all threads have reached that call. The shared mem ory
acts like a low-la tency, high band width soft ware man aged cache mem ory. Cur rently, the
max i mum num ber of threads in a thread block is 1024.

A ker nel may be in voked with many thread blocks, each with the same thread block size.
The thread blocks are or ga nized into a one-, two-, or three-di men sional grid of blocks, so
each thread has a thread in dex within the block, and a block in dex within the grid. When
in vok ing a ker nel, the first ar gu ment in the chev ron <<<>>> syn tax is the grid size, and the 
sec ond ar gu ment is the thread block size. Thread blocks must be able to ex e cute in de pend -
ently; two thread blocks may be ex e cuted in par al lel or one af ter the other, by the same
core or by dif fer ent cores.

The dim3 de rived type, de fined in the cudafor mod ule, can be used to de clare vari ables in
host code which can con ve niently hold the launch con fig u ra tion val ues if they are not sca -
lars; for ex am ple:

type(dim3) :: blocks, threads
…
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blocks = dim3(n/256, n/16, 1)
threads = dim3(16, 16, 1)
call devkernel<<<blocks, threads>>>( ... )

14.6.3 Map ping data onto threads

In this sec tion we show how data in an ar ray is as signed to a thread and thread block.

If we as sume an ar ray of size 12, and 3 thread blocks and 4 threads per block us ing the fol -
low ing equa tion
      I = (blockidx%x-1) * blockDim%x + threadidx%x
we have the fol low ing map ping

Ar ray in dex | 1 2 3 4 | 5 6 7 8 | 9 10 11 12 |

blockidx%x  | 1 1 1 1 | 2 2 2 2 | 3  3  3 3 |

threadidx%x | 1 2 3 4 | 1 2 3 4 | 1  2  3 4 |

blockDim%x  | 4 4 4 4 | 4 4 4 4 | 4  4  4 4 |

I value    | 1 2 3 4 | 5 6 7 8 | 9 10 11 12 |

and the ex am ples will use this equa tion and vari ables to or gan ise the map ping be tween data 
and threads.

14.7 Chap ter 45 ex am ple 1: ba sic de vice driver test pro gram

This pro gram is pro vided by Nvidia and tests out ac cess to the GPU. This should be the
first pro gram you try out. We've made the fol low ing changes

· added im plicit none

· added a de vice test to see if the de vice query worked - it is pos si ble to run this

on a sys tem with out ac cess to a GPU. The orig i nal ver sion gen er ated a 684,306
line file on one sys tem!

· mi nor lay out changes to make it eas ier to read

Here is the modified source.

!
! An ex am ple of get ting de vice 
! prop er ties in CUDA For tran
!
! Build with
!
!   nvfortran ch4501.cuf
!
! Re writ ten to test for the re turn 
! sta tus of the de vice query. 
!
! Run ning the orig i nal ver sion gen er ated 
! a 684,306 line file.
!
! Also added im plicit none
!
pro gram ch4501
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  use cudafor
  im plicit none
    
  in te ger istat, num, numdevices
  type(cudadeviceprop) :: prop
    istat = cudaGetDeviceCount(numdevices)
!
! Test the sta tus to check things have worked
!
    if (istat /=0) then
      print *,' istat = ',istat
      print *,' numdevices = ',numdevices
      print *,' Er ror in cudaGetDeviceCount'
      print *,' Pro gram ter mi nates'
      stop 10
    end if
!
    do num = 0, numdevices-1
      istat = cudaGetDeviceProperties(prop, num)
      call printDeviceProperties(prop, num)
    end do
end pro gram
!
sub rou tine printDeviceProperties(prop, num)
  use cudafor
  im plicit none
  type(cudadeviceprop) :: prop
  in te ger :: num
  in te ger :: ilen
    ilen = ver ify(prop%name, ' ', .true.)
    write (*,900) "De vice Num ber:               "        
,num
    write (*,901) "De vice Name:                 "        
,prop%name(1:ilen)
    write (*,903) "To tal Global Mem ory:         "       
,real(prop%totalGlobalMem)/1e9," Gbytes"
    write (*,902) "sharedMemPerBlock:           "       
,prop%sharedMemPerBlock," bytes"
    write (*,900) "regsPerBlock:                "        
,prop%regsPerBlock
    write (*,900) "warpSize:                    "        
,prop%warpSize
    write (*,900) "maxThreadsPerBlock:          "       
,prop%maxThreadsPerBlock
    write (*,904) "maxThreadsDim:               "        
,prop%maxThreadsDim
    write (*,904) "maxGridSize:                 "        
,prop%maxGridSize
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    write (*,903) "ClockRate:                   "        
,real(prop%clockRate)/1e6," GHz"
    write (*,902) "To tal Const Mem ory:          "       
,prop%totalConstMem," bytes"
    write (*,905) "Com pute Ca pa bil ity Re vi sion: "       
,prop%ma jor,prop%mi nor
    write (*,902) "TextureAlignment:            "       
,prop%textureAlignment," bytes"
    write (*,906) "deviceOverlap:               "        
,prop%deviceOverlap
    write (*,900) "multiProcessorCount:         "       
,prop%multiProcessorCount
    write (*,906) "in te grated:                  "        
,prop%in te grated
    write (*,906) "canMapHostMemory:            "       
,prop%canMapHostMemory
    write (*,906) "ECCEnabled:                  "        
,prop%ECCEnabled
    write (*,906) "UnifiedAddressing:           "       
,prop%unifiedAddressing
    write (*,900) "L2 Cache Size:               "        
,prop%l2CacheSize
    write (*,900) "maxThreadsPerSMP:            "       
,prop%maxThreadsPerMultiProcessor
    900 for mat (a,i0)
    901 for mat (a,a)
    902 for mat (a,i0,a)
    903 for mat (a,f5.3,a)
    904 for mat (a,2(i0,1x,'x',1x),i0)
    905 for mat (a,i0,'.',i0)
    906 for mat (a,l0)
    re turn
end sub rou tine

Here is the out put on a Dell 5820 sys tem with an Nvidia Quadro RTX GPU. This is us ing a 
na tive Ubuntu in stal la tion.

De vice Num ber:               0
De vice Name:                 Quadro RTX 4000
To tal Global Mem ory:         8.347 Gbytes
sharedMemPerBlock:           49152 bytes
regsPerBlock:                65536
warpSize:                    32
maxThreadsPerBlock:          1024
maxThreadsDim:               1024 x 1024 x 64
maxGridSize:                 2147483647 x 65535 x 65535
ClockRate:                   1.545 GHz
To tal Const Mem ory:          65536 bytes
Com pute Ca pa bil ity Re vi sion: 7.5
TextureAlignment:            512 bytes
deviceOverlap:               1
multiProcessorCount:         36
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in te grated:                  0
canMapHostMemory:            1
ECCEnabled:                  0
UnifiedAddressing:           1
L2 Cache Size:               4194304
maxThreadsPerSMP:            1024

Here is the out put on the same sys tem from Ubuntu 22.04 un der WSL.

  istat =            35
  numdevices =         32529
  Er ror in cudaGetDeviceCount
  Pro gram ter mi nates
   10

The pro gram can't ac cess the GPU from the Win dows Sub sys tem for Linux. 

14.7.1 Nvidia Quadro RTX GPU prop er ties

Some of the key prop er ties are

· To tal Global Mem ory:         8.347 Gbytes

· maxThreadsPerBlock:          1024

· maxThreadsDim:               1024 x 1024 x 64

· maxGridSize:                 2147483647 x 65535 x 65535

· Com pute Ca pa bil ity Re vi sion: 7.5

· multiProcessorCount:         36

and we will us ing the above in for ma tion in the ex am ples that fol low.

14.8 Chap ter 45 ex am ple 2: gpu and cpu computation, 32 bit integers

This ex am ple is based on ex am ple 2.12.2 in the For tran Cuda Pro gram ming guide.

We've made some changes:

· added a pre ci sion mod ule - we've had to mod ify our stan dard pre ci sion mod ule

to work with the Nvidia com piler. They only sup port 32 and 64 bit reals on the

CPU at this time.

· added a tim ing mod ule - we can pro vide tim ing in for ma tion about the ex e cu tion

of the pro gram. We also mod i fied the base tim ing mod ule to check the count

char ac ter is tics of the nvfortran com piler.

Here is the new source code.

in clude 'in te ger_kind_mod ule.f90'
in clude 'nvidia_pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'
!
! The ba sis for the ex am ple is 2.12.2 in
! the Cuda For tran Pro gram ming Guide
!
mod ule in itial ise_ar ray
  use in te ger_kind_mod ule
  con tains
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  at trib utes (de vice) sub rou tine in itial ise(z)
    im plicit none
    in te ger (i32) , di men sion(:) , de vice :: z
    in te ger                               :: I
      I = (blockidx%x-1) * blockdim%x + threadidx%x
      z(i)=I
  end sub rou tine
  
end mod ule
mod ule cal cu late
  use in te ger_kind_mod ule
  use in itial ise_ar ray
  im plicit none
  
  con tains
  
    at trib utes (global) sub rou tine Ker nel(x)
    
      im plicit none
      in te ger (i32) , di men sion(:) , de vice :: x
    
        call in itial ise(x)
        
    end sub rou tine
    
    func tion de vice_sum ma tion(x)
    
      im plicit none
      in te ger (i32)           :: de vice_sum ma tion
      in te ger (i32) , &
        di men sion(:) , de vice :: x
      in te ger (i32)           :: to tal
      in te ger                 :: I
        to tal = 0
        !$cuf ker nel do <<< * , * >>>
        do I = 1 , size(x)
          to tal = to tal + x(I)
        end do
        
        de vice_sum ma tion = to tal
        
    end func tion
    
end mod ule
pro gram test
  use in te ger_kind_mod ule
  use pre ci sion_mod ule , wp => dp
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  use tim ing_mod ule   
  use cal cu late
  
  use cudafor
  
  im plicit none
  
  in te ger                          :: n
  in te ger (i32) , di men sion(:) , &
    allocatable , de vice           :: x
  in te ger (i32) , di men sion(:) , &
    allocatable                    :: y
  in te ger (i32)                    :: cpu_sum
  in te ger (i32)                    :: de vice_sum
    
  in te ger                          :: I
  in te ger                          :: al lo ca tion_sta tus
  
  in te ger                          :: threads_per_block
  in te ger                          :: thread_blocks
  
  in te ger                          :: loop_count
  in te ger                          :: ierrSync
  in te ger                          :: ierrAsync
  in te ger                          :: istat
  
  real (wp) , di men sion(20,8)      :: tim ing_fig ures
  real (wp)                        :: t
  
! the loop_count value de pends on whether 
! we are deal ing with 32 or 64 bit data items.
! set up 20 to work with both 32 and 64 bit data
    call start_tim ing()
    
    print *,'   Thread    Threads            N              
Sum         Time'
    print *,'   blocks    per block'
    al lo ca tion_sta tus = 0 
    threads_per_block = 1024
    n                 =    1 * 1024
    loop_count = 20
         
    do I = 1 , loop_count
    
      thread_blocks     =  n/threads_per_block
      cpu_sum=0
      
      al lo cate(x(n),stat=al lo ca tion_sta tus)

Nvidia HPC toolkit and gpu programming 139

© Ian D Chivers & Jane Sleightholme Chap ter 14



      if (al lo ca tion_sta tus > 0) then
        print *,' De vice al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 10
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,1) = t
      
      al lo cate(y(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' CPU al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 20
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,2) = t
      x=0
      
      t = time_dif fer ence()
      tim ing_fig ures(i,3) = t
      
      y=x
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      
      call Ker nel<<< thread_blocks  , threads_per_block
>>>(x)
      
      ierrSync  = cudaGetLastError()
      ierrAsync = cudaDeviceSynchronize()
      if ( ierrSync /= cudaSuccess ) then
        write (* ,*) ' Sync ker nel er ror : ' ,
cudaGetErrorString( ierrSync )
      end if
      if ( ierrAsync /= cudaSuccess ) then
        write (* ,*) ' Async ker nel er ror : ' ,
cudaGetErrorString ( ierrAsync )
      end if
      istat = cudaDeviceSynchronize ()
      
      de vice_sum = de vice_sum ma tion(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,7) = t
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      print 20,thread_blocks,threads_per_block,n,de vice_sum,t
      20 for mat(2x,i8,2x,i6,6x,i10,2x,i20,2x,f10.7)
      
      y=x
      
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      cpu_sum=sum(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,8) = t
      print 30,cpu_sum,t
      30 for mat(36x,i20,2x,f10.7)
         
      deallocate(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,5) = t
      
      deallocate(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,6) = t       
      n = n * 2
      
    end do
    
   call end_tim ing()
     print *,'  Al lo cate                As sign                  
Deallocate              Sum ma tion'
!           1234567890123456789012345678901234567890
   print *,'        gpu         cpu         gpu         
cpu         gpu         cpu         gpu         cpu'
   do I=1,20
     print 40,tim ing_fig ures(i,1:8)
     40 for mat(8(2x,f10.7))
   end do 
end pro gram

Here is the out put.
 2022/11/25  7:28:22   0
    Thread    Threads            N              Sum         Time
    blocks    per block
         1    1024            1024            524800   0.0000730
                                              524800   0.0000000
         2    1024            2048           2098176   0.0000331
                                             2098176   0.0000010
         4    1024            4096           8390656   0.0000291
                                             8390656   0.0000019
         8    1024            8192          33558528   0.0000282
                                            33558528   0.0000029
        16    1024           16384         134225920   0.0000282
                                           134225920   0.0000060
        32    1024           32768         536887296   0.0000279
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                                           536887296   0.0000109
        64    1024           65536       -2147450880   0.0000360
                                         -2147450880   0.0000219
       128    1024          131072             65536   0.0000410
                                               65536   0.0000441
       256    1024          262144            131072   0.0000520
                                              131072   0.0000899
       512    1024          524288            262144   0.0000880
                                              262144   0.0001672
      1024    1024         1048576            524288   0.0000961
                                              524288   0.0003421
      2048    1024         2097152           1048576   0.0001459
                                             1048576   0.0006330
      4096    1024         4194304           2097152   0.0002570
                                             2097152   0.0012550
      8192    1024         8388608           4194304   0.0004442
                                             4194304   0.0024871
     16384    1024        16777216           8388608   0.0006640
                                             8388608   0.0050099
     32768    1024        33554432          16777216   0.0011070
                                            16777216   0.0095861
     65536    1024        67108864          33554432   0.0021300
                                            33554432   0.0182519
    131072    1024       134217728          67108864   0.0039990
                                            67108864   0.0353799
    262144    1024       268435456         134217728   0.0076902
                                           134217728   0.0718269
    524288    1024       536870912         268435456   0.0141171
                                           268435456   0.1284690
 2022/11/25  7:28:25 709
 To tal time =                       3.708907
       Al lo cate                As sign                 Deallocate             Sum ma tion

         gpu         cpu         gpu         cpu        gpu         cpu         gpu         cpu

   0.2893159   0.0000069   0.0000341   0.0000250   0.0000069   0.0000031   0.0000730   0.0000000

   0.0000041   0.0000009   0.0000038   0.0000100   0.0000040   0.0000000   0.0000331   0.0000010

   0.0000039   0.0000000   0.0000031   0.0000109   0.0000031   0.0000000   0.0000291   0.0000019

   0.0000031   0.0000000   0.0000039   0.0000140   0.0000031   0.0000000   0.0000282   0.0000029

   0.0000028   0.0000000   0.0000031   0.0000200   0.0000028   0.0000000   0.0000282   0.0000060

   0.0000031   0.0000000   0.0000031   0.0000301   0.0000031   0.0000000   0.0000279   0.0000109

   0.0000031   0.0000000   0.0000029   0.0000520   0.0000031   0.0000010   0.0000360   0.0000219

   0.0000021   0.0000010   0.0000029   0.0000968   0.0000060   0.0000000   0.0000410   0.0000441

   0.0000050   0.0000010   0.0000040   0.0002000   0.0000091   0.0000009   0.0000520   0.0000899

   0.0001562   0.0000010   0.0000119   0.0003228   0.0001258   0.0000012   0.0000880   0.0001672

   0.0000990   0.0000009   0.0000120   0.0005989   0.0001180   0.0000010   0.0000961   0.0003421

   0.0001299   0.0000010   0.0000100   0.0010021   0.0001108   0.0000012   0.0001459   0.0006330

   0.0002668   0.0000100   0.0000101   0.0021260   0.0001250   0.0005891   0.0002570   0.0012550

   0.0001340   0.0000069   0.0000119   0.0038729   0.0001359   0.0011931   0.0004442   0.0024871

   0.0001819   0.0000081   0.0000119   0.0077722   0.0001600   0.0022781   0.0006640   0.0050099

   0.0002649   0.0000081   0.0000129   0.0153229   0.0002170   0.0045268   0.0011070   0.0095861

   0.0004170   0.0000081   0.0000131   0.0310362   0.0003259   0.0090120   0.0021300   0.0182519

   0.0007350   0.0000091   0.0000140   0.0547940   0.0005310   0.0180411   0.0039990   0.0353799

   0.0013349   0.0000081   0.0000148   0.1088310   0.0009751   0.0359791   0.0076902   0.0718269

   0.0026638   0.0000100   0.0000191   0.1992931   0.0011399   0.0453350   0.0141171   0.1284690

Look at the fol low ing

· cpu and gpu times for the same size prob lem
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· cpu and gpu times as the prob lem size in creases

We get in te ger over flow as the prob lem size in creases.

The next three ex am ples are vari a tions on this one, for 64 bit in te gers and 32 and 64 bit
reals. 

14.9 Chap ter 45 ex am ple 3: gpu and cpu com pu ta tion, 64 bit integers

Here is the source code.

in clude 'in te ger_kind_mod ule.f90'
in clude 'nvidia_pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'
!
! The ba sis for the ex am ple is 2.12.2 in
! the Cuda For tran Pro gram ming Guide
!
mod ule in itial ise_ar ray
  use in te ger_kind_mod ule
  con tains
  
  at trib utes (de vice) sub rou tine in itial ise(z)
    im plicit none
    in te ger (i64) , di men sion(:) , de vice :: z
    in te ger                               :: I
      I = (blockidx%x-1) * blockdim%x + threadidx%x
      z(i)=I
  end sub rou tine
  
end mod ule
mod ule cal cu late
  use in te ger_kind_mod ule
  use in itial ise_ar ray
  im plicit none
  
  con tains
  
    at trib utes (global) sub rou tine Ker nel(x)
    
      im plicit none
      in te ger (i64) , di men sion(:) , de vice :: x
    
        call in itial ise(x)
        
    end sub rou tine
    
    func tion de vice_sum ma tion(x)
    
      im plicit none
      in te ger (i64)           :: de vice_sum ma tion
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      in te ger (i64) , &
        di men sion(:) , de vice :: x
      in te ger (i64)           :: to tal
      in te ger                 :: I
        to tal = 0
        !$cuf ker nel do <<< * , * >>>
        do I = 1 , size(x)
          to tal = to tal + x(I)
        end do
        
        de vice_sum ma tion = to tal
        
    end func tion
    
end mod ule
pro gram test
  use in te ger_kind_mod ule
  use pre ci sion_mod ule , wp => dp
  use tim ing_mod ule   
  use cal cu late
  
  use cudafor
  
  im plicit none
  
  in te ger                          :: n
  in te ger (i64) , di men sion(:) , &
    allocatable , de vice           :: x
  in te ger (i64) , di men sion(:) , &
    allocatable                    :: y
  in te ger (i64)                    :: cpu_sum
  in te ger (i64)                    :: de vice_sum
    
  in te ger                          :: I
  in te ger                          :: al lo ca tion_sta tus
  
  in te ger                          :: threads_per_block
  in te ger                          :: thread_blocks
  
  in te ger                          :: loop_count
  in te ger                          :: ierrSync
  in te ger                          :: ierrAsync
  in te ger                          :: istat
  
  real (wp) , di men sion(20,8)      :: tim ing_fig ures
  real (wp)                        :: t
  
! the loop_count value de pends on whether 

144 Nvidia HPC toolkit and gpu programming

Chap ter 14 © Ian D Chivers & Jane Sleightholme



! we are deal ing with 32 or 64 bit data items.
! set up 20 to work with both 32 and 64 bit data
    call start_tim ing()
    
    print *,'   Thread    Threads            N              
Sum         Time'
    print *,'   blocks    per block'
    al lo ca tion_sta tus = 0 
    threads_per_block = 1024
    n                 =    1 * 1024
    loop_count = 20
         
    do I = 1 , loop_count
    
      thread_blocks     =  n/threads_per_block
      cpu_sum=0
      
      al lo cate(x(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' De vice al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 10
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,1) = t
      
      al lo cate(y(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' CPU al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 20
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,2) = t
      x=0
      
      t = time_dif fer ence()
      tim ing_fig ures(i,3) = t
      
      y=x
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
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      call Ker nel<<< thread_blocks  , threads_per_block
>>>(x)
      
      ierrSync  = cudaGetLastError()
      ierrAsync = cudaDeviceSynchronize()
      if ( ierrSync /= cudaSuccess ) then
        write (* ,*) ' Sync ker nel er ror : ' ,
cudaGetErrorString( ierrSync )
      end if
      if ( ierrAsync /= cudaSuccess ) then
        write (* ,*) ' Async ker nel er ror : ' ,
cudaGetErrorString ( ierrAsync )
      end if
      istat = cudaDeviceSynchronize ()
      
      de vice_sum = de vice_sum ma tion(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,7) = t
      
      print 20,thread_blocks,threads_per_block,n,de vice_sum,t
      20 for mat(2x,i8,2x,i6,6x,i10,2x,i20,2x,f10.7)
      
      y=x
      
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      cpu_sum=sum(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,8) = t
      print 30,cpu_sum,t
      30 for mat(36x,i20,2x,f10.7)
         
      deallocate(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,5) = t
      
      deallocate(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,6) = t       
      n = n * 2
      
    end do
    
   call end_tim ing()
     print *,'  Al lo cate                As sign                  
Deallocate              Sum ma tion'
!           1234567890123456789012345678901234567890
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   print *,'        gpu         cpu         gpu         
cpu         gpu         cpu         gpu         cpu'
   do I=1,20
     print 40,tim ing_fig ures(i,1:8)
     40 for mat(8(2x,f10.7))
   end do 
end pro gram

Here is the out put.

 2022/11/30 10:14:39 442
    Thread    Threads            N              Sum         Time
    blocks    per block
         1    1024            1024                524800  
0.0000658
                                                  524800  
0.0000009
         2    1024            2048               2098176  
0.0000298
                                                 2098176  
0.0000021
         4    1024            4096               8390656  
0.0000279
                                                 8390656  
0.0000031
         8    1024            8192              33558528  
0.0000259
                                                33558528  
0.0000050
        16    1024           16384             134225920  
0.0000260
                                               134225920  
0.0000121
        32    1024           32768             536887296  
0.0000251
                                               536887296  
0.0000200
        64    1024           65536            2147516416  
0.0000291
                                              2147516416  
0.0000420
       128    1024          131072            8590000128   0.0000430
                                              8590000128  
0.0000861
       256    1024          262144           34359869440   0.0000548
                                             34359869440  
0.0001611
       512    1024          524288          137439215616   0.0000598
                                            137439215616  
0.0003290
      1024    1024         1048576          549756338176   0.0000879
                                            549756338176  
0.0006010
      2048    1024         2097152         2199024304128   0.0001359
                                           2199024304128  
0.0012053
      4096    1024         4194304         8796095119360   0.0002279
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                                           8796095119360  
0.0023810
      8192    1024         8388608        35184376283136   0.0004132
                                          35184376283136  
0.0047920
     16384    1024        16777216       140737496743936   0.0007450
                                         140737496743936  
0.0094822
     32768    1024        33554432       562949970198528   0.0014982
                                         562949970198528  
0.0188470
     65536    1024        67108864      2251799847239680   0.0027871
                                        2251799847239680  
0.0365910
    131072    1024       134217728      9007199321849856   0.0056432
                                        9007199321849856  
0.0708540
    262144    1024       268435456     36028797153181696   0.0112171
                                       36028797153181696  
0.1284890
    524288    1024       536870912    144115188344291328   0.0223523
                                      144115188344291328  
0.2568512
 2022/11/30 10:14:45 628
 To tal time =                       6.186443
   Al lo cate                As sign                  Deallocate              
Sum ma tion
         gpu         cpu         gpu         cpu         gpu         
cpu         gpu         cpu
   0.2291901   0.0000128   0.0000441   0.0000482   0.0000070  
0.0000071   0.0000658   0.0000009
   0.0000038   0.0000012   0.0000038   0.0000101   0.0000041  
0.0000000   0.0000298   0.0000021
   0.0000038   0.0000000   0.0000040   0.0000132   0.0000038  
0.0000000   0.0000279   0.0000031
   0.0000031   0.0000009   0.0000031   0.0000191   0.0000029  
0.0000000   0.0000259   0.0000050
   0.0000031   0.0000000   0.0000028   0.0000360   0.0000029  
0.0000010   0.0000260   0.0000121
   0.0000021   0.0000010   0.0000031   0.0000510   0.0000029  
0.0000000   0.0000251   0.0000200
   0.0000031   0.0000000   0.0000040   0.0000948   0.0000050  
0.0000010   0.0000291   0.0000420
   0.0000040   0.0000000   0.0000050   0.0002009   0.0000081  
0.0000010   0.0000430   0.0000861
   0.0001518   0.0000012   0.0000110   0.0003300   0.0001159  
0.0000010   0.0000548   0.0001611
   0.0000951   0.0000009   0.0000110   0.0005601   0.0001161  
0.0000010   0.0000598   0.0003290
   0.0000961   0.0000009   0.0000100   0.0009881   0.0001071  
0.0000009   0.0000879   0.0006010
   0.0001500   0.0000119   0.0000100   0.0020020   0.0001218  
0.0005832   0.0001359   0.0012053
   0.0001308   0.0000060   0.0000110   0.0038441   0.0001271  
0.0011470   0.0002279   0.0023810
   0.0001760   0.0000069   0.0000119   0.0076429   0.0001528  
0.0022800   0.0004132   0.0047920
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   0.0002592   0.0000079   0.0000121   0.0149989   0.0002060  
0.0045090   0.0007450   0.0094822
   0.0004170   0.0000081   0.0000128   0.0311039   0.0003199  
0.0090182   0.0014982   0.0188470
   0.0007420   0.0000100   0.0000150   0.0582519   0.0005332  
0.0183649   0.0027871   0.0365910
   0.0013580   0.0000091   0.0000138   0.1182460   0.0009689  
0.0361149   0.0056432   0.0708540
   0.0026291   0.0000090   0.0000160   0.1877139   0.0011620  
0.0464781   0.0112171   0.1284890
   0.0033741   0.0000069   0.0000159   0.3794767   0.0022259  
0.0906270   0.0223523   0.2568512

Look at the fol low ing

· cpu and gpu times for the same size prob lem

· cpu and gpu times as the prob lem size in creases

There is no in te ger over flow in this case.

14.10Chap ter 45 ex am ple 4: gpu and cpu com pu ta tion, 32 bit reals

Here is the source code

in clude 'pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'
!
! The ba sis for the ex am ple is 2.12.2 in
! the Cuda For tran Pro gram ming Guide
!
mod ule in itial ise_ar ray
  use pre ci sion_mod ule , wp => sp
  con tains
  
  at trib utes (de vice) sub rou tine in itial ise(z)
    im plicit none
    real (wp) , di men sion(:) , de vice :: z
    in te ger                              :: I
      I = (blockidx%x-1) * blockdim%x + threadidx%x
      z(i)=I
  end sub rou tine
  
end mod ule
mod ule cal cu late
  use pre ci sion_mod ule , wp => sp
  use in itial ise_ar ray
  im plicit none
  
  con tains
  
    at trib utes (global) sub rou tine Ker nel(x)
    
      im plicit none
      real (wp) , di men sion(:) , de vice :: x
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        call in itial ise(x)
        
    end sub rou tine
    
    func tion de vice_sum ma tion(x)
    
      im plicit none
      real (wp)               :: de vice_sum ma tion
      real (wp) , &
        di men sion(:) , de vice :: x
      real (wp)               :: to tal
      in te ger                 :: I
        to tal = 0
        !$cuf ker nel do <<< * , * >>>
        do I = 1 , size(x)
          to tal = to tal + x(I)
        end do
        
        de vice_sum ma tion = to tal
        
    end func tion
    
end mod ule
pro gram test
  use pre ci sion_mod ule , wp => sp
  use tim ing_mod ule   
  use cal cu late
  
  use cudafor
  
  im plicit none
  
  in te ger                      :: n
  real (wp) , di men sion(:) , &
    allocatable , de vice       :: x
  real (wp) , di men sion(:) , &
    allocatable                :: y
  real (wp)                    :: cpu_sum
  real (wp)                    :: de vice_sum
    
  in te ger                      :: I
  in te ger                      :: al lo ca tion_sta tus
  
  in te ger                      :: threads_per_block
  in te ger                      :: thread_blocks
  
  in te ger                      :: loop_count
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  in te ger                      :: ierrSync
  in te ger                      :: ierrAsync
  in te ger                      :: istat
  
  real (dp) , di men sion(20,8)  :: tim ing_fig ures
  real (dp)                    :: t
  
! the loop_count value de pends on whether 
! we are deal ing with 32 or 64 bit data items.
! set up 20 to work with both 32 and 64 bit data
    call start_tim ing()
    
    print *,'   Thread    Threads            N              
Sum         Time'
    print *,'   blocks    per block'
    al lo ca tion_sta tus = 0 
    threads_per_block = 1024
    n                 =    1 * 1024
    loop_count = 20
         
    do I = 1 , loop_count
    
      thread_blocks     =  n/threads_per_block
      cpu_sum=0
      
      al lo cate(x(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' De vice al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 10
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,1) = t
      
      al lo cate(y(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' CPU al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 20
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,2) = t
      x=0
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      t = time_dif fer ence()
      tim ing_fig ures(i,3) = t
      
      y=x
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      
      call Ker nel<<< thread_blocks  , threads_per_block
>>>(x)
      
      ierrSync  = cudaGetLastError()
      ierrAsync = cudaDeviceSynchronize()
      if ( ierrSync /= cudaSuccess ) then
        write (* ,*) ' Sync ker nel er ror : ' ,
cudaGetErrorString( ierrSync )
      end if
      if ( ierrAsync /= cudaSuccess ) then
        write (* ,*) ' Async ker nel er ror : ' ,
cudaGetErrorString ( ierrAsync )
      end if
      istat = cudaDeviceSynchronize ()
      
      de vice_sum = de vice_sum ma tion(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,7) = t
      
      print 20,thread_blocks,threads_per_block,n,de vice_sum,t
      20 for mat(2x,i8,2x,i6,6x,i10,2x,f21.0,2x,f10.7)
      
      y=x
      
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      cpu_sum=sum(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,8) = t
      print 30,cpu_sum,t
      30 for mat(36x,f21.0,2x,f10.7)
         
      deallocate(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,5) = t
      
      deallocate(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,6) = t       
      n = n * 2
      

152 Nvidia HPC toolkit and gpu programming

Chap ter 14 © Ian D Chivers & Jane Sleightholme



    end do
    
   call end_tim ing()
     print *,'  Al lo cate                As sign                  
Deallocate              Sum ma tion'
!           1234567890123456789012345678901234567890
   print *,'        gpu         cpu         gpu         
cpu         gpu         cpu         gpu         cpu'
   do I=1,20
     print 40,tim ing_fig ures(i,1:8)
     40 for mat(8(2x,f10.7))
   end do 
end pro gram

Here is the out put.

 2022/11/30 10:14:45 696
    Thread    Threads            N              Sum         Time
    blocks    per block
         1    1024            1024                524800.  
0.0000681
                                                  524800.  
0.0000000
         2    1024            2048               2098176.  
0.0000310
                                                 2098176.  
0.0000010
         4    1024            4096               8390656.  
0.0000351
                                                 8390656.  
0.0000019
         8    1024            8192              33558528.  
0.0000251
                                                33558528.  
0.0000028
        16    1024           16384             134225920.  
0.0000251
                                               134225920.  
0.0000050
        32    1024           32768             536887296.  
0.0000250
                                               536887296.  
0.0000101
        64    1024           65536            2147506688.  
0.0000250
                                              2147516416.  
0.0000201
       128    1024          131072            8589958144.  
0.0000301
                                              8590000128.  
0.0000438
       256    1024          262144           34359762944.  
0.0000461
                                             34359828480.  
0.0000851
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       512    1024          524288          137438986240.  
0.0000570
                                            137439051776.  
0.0001629
      1024    1024         1048576          549769707520.  
0.0000720
                                            549755944960.  
0.0003360
      2048    1024         2097152         2199037149184.   0.0001090
                                           2199023255552.  
0.0006110
      4096    1024         4194304         8796105605120.   0.0001630
                                           8796093022208.  
0.0012469
      8192    1024         8388608        35184384671744.   0.0002880
                                          35184883793920.  
0.0024350
     16384    1024        16777216       140738612428800.   0.0005150
                                         140738192998400.  
0.0048981
     32768    1024        33554432       562950691618816.   0.0008500
                                         563017867591680.  
0.0093050
     65536    1024        67108864      2251800082120704.   0.0014942
                                        2252438153199616.  
0.0176950
    131072    1024       134217728      9007334546210816.   0.0029719
                                        9020689747017728.  
0.0343949
    262144    1024       268435456     36028801313931264.   0.0060379
                                       36042283216273408.  
0.0693681
    524288    1024       536870912    144115188075855872.   0.0119860
                                      150128966923976704.  
0.1356740
 2022/11/30 10:14:49 362
 To tal time =                       3.666342
   Al lo cate                As sign                  Deallocate              
Sum ma tion
         gpu         cpu         gpu         cpu         gpu         
cpu         gpu         cpu
   0.2630569   0.0000081   0.0000330   0.0000298   0.0000081  
0.0000031   0.0000681   0.0000000
   0.0000039   0.0000000   0.0000040   0.0000090   0.0000040  
0.0000000   0.0000310   0.0000010
   0.0000039   0.0000000   0.0000031   0.0000100   0.0000031  
0.0000000   0.0000351   0.0000019
   0.0000028   0.0000000   0.0000041   0.0000131   0.0000031  
0.0000000   0.0000251   0.0000028
   0.0000029   0.0000000   0.0000031   0.0000200   0.0000031  
0.0000010   0.0000251   0.0000050
   0.0000019   0.0000012   0.0000028   0.0000298   0.0000031  
0.0000000   0.0000250   0.0000101
   0.0000031   0.0000009   0.0000029   0.0000541   0.0000038  
0.0000000   0.0000250   0.0000201
   0.0000031   0.0000000   0.0000040   0.0001030   0.0000050  
0.0000012   0.0000301   0.0000438
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   0.0000038   0.0000012   0.0000050   0.0001948   0.0000078  
0.0000012   0.0000461   0.0000851
   0.0001579   0.0000012   0.0000119   0.0003371   0.0001211  
0.0000009   0.0000570   0.0001629
   0.0000949   0.0000022   0.0000100   0.0005781   0.0001120  
0.0000010   0.0000720   0.0003360
   0.0000961   0.0000009   0.0000110   0.0010631   0.0001090  
0.0000009   0.0001090   0.0006110
   0.0001491   0.0000119   0.0000100   0.0021210   0.0001231  
0.0005810   0.0001630   0.0012469
   0.0001318   0.0000072   0.0000110   0.0038271   0.0001359  
0.0011601   0.0002880   0.0024350
   0.0001970   0.0000078   0.0000122   0.0078680   0.0001860  
0.0022750   0.0005150   0.0048981
   0.0002689   0.0000091   0.0000119   0.0151670   0.0002160  
0.0045221   0.0008500   0.0093050
   0.0004249   0.0000090   0.0000131   0.0306599   0.0003140  
0.0090329   0.0014942   0.0176950
   0.0007351   0.0000090   0.0000132   0.0540631   0.0005331  
0.0180490   0.0029719   0.0343949
   0.0013519   0.0000090   0.0000151   0.1072519   0.0009461  
0.0361290   0.0060379   0.0693681
   0.0026328   0.0000091   0.0000159   0.2119811   0.0013599  
0.0468009   0.0119860   0.1356740

Look at the fol low ing

· cpu and gpu times for the same size prob lem;

· cpu and gpu times as the prob lem size in creases;

· sum ma tion val ues for the gpu and cpu for the same sized prob lems - we get

different com pu ta tional re sults af ter 8 it er a tions;

14.11Chap ter 45 ex am ple 5: gpu and cpu com pu ta tion, 64 bit reals

Here is the source code

in clude 'pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'
!
! The ba sis for the ex am ple is 2.12.2 in
! the Cuda For tran Pro gram ming Guide
!
mod ule in itial ise_ar ray
  use pre ci sion_mod ule , wp => dp
  con tains
  
  at trib utes (de vice) sub rou tine in itial ise(z)
    im plicit none
    real (wp) , di men sion(:) , de vice :: z
    in te ger                              :: I
      I = (blockidx%x-1) * blockdim%x + threadidx%x
      z(i)=I
  end sub rou tine
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end mod ule
mod ule cal cu late
  use pre ci sion_mod ule , wp => dp
  use in itial ise_ar ray
  im plicit none
  
  con tains
  
    at trib utes (global) sub rou tine Ker nel(x)
    
      im plicit none
      real (wp) , di men sion(:) , de vice :: x
    
        call in itial ise(x)
        
    end sub rou tine
    
    func tion de vice_sum ma tion(x)
    
      im plicit none
      real (wp)               :: de vice_sum ma tion
      real (wp) , &
        di men sion(:) , de vice :: x
      real (wp)               :: to tal
      in te ger                 :: I
        to tal = 0
        !$cuf ker nel do <<< * , * >>>
        do I = 1 , size(x)
          to tal = to tal + x(I)
        end do
        
        de vice_sum ma tion = to tal
        
    end func tion
    
end mod ule
pro gram test
  use pre ci sion_mod ule , wp => dp
  use tim ing_mod ule   
  use cal cu late
  
  use cudafor
  
  im plicit none
  
  in te ger                      :: n
  real (wp) , di men sion(:) , &
    allocatable , de vice       :: x
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  real (wp) , di men sion(:) , &
    allocatable                :: y
  real (wp)                    :: cpu_sum
  real (wp)                    :: de vice_sum
    
  in te ger                      :: I
  in te ger                      :: al lo ca tion_sta tus
  
  in te ger                      :: threads_per_block
  in te ger                      :: thread_blocks
  
  in te ger                      :: loop_count
  in te ger                      :: ierrSync
  in te ger                      :: ierrAsync
  in te ger                      :: istat
  
  real (dp) , di men sion(20,8)  :: tim ing_fig ures
  real (dp)                    :: t
  
! the loop_count value de pends on whether 
! we are deal ing with 32 or 64 bit data items.
! set up 20 to work with both 32 and 64 bit data
    call start_tim ing()
    
    print *,'   Thread    Threads            N              
Sum         Time'
    print *,'   blocks    per block'
    al lo ca tion_sta tus = 0 
    threads_per_block = 1024
    n                 =    1 * 1024
    loop_count = 20
         
    do I = 1 , loop_count
    
      thread_blocks     =  n/threads_per_block
      cpu_sum=0
      
      al lo cate(x(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' De vice al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 10
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,1) = t
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      al lo cate(y(n),stat=al lo ca tion_sta tus)
      if (al lo ca tion_sta tus > 0) then
        print *,' CPU al lo ca tion failed'
        print *,' N = ',n
        print *,' Pro gram ter mi nates'
        stop 20
      end if
      
      t = time_dif fer ence()
      tim ing_fig ures(i,2) = t
      x=0
      
      t = time_dif fer ence()
      tim ing_fig ures(i,3) = t
      
      y=x
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      
      call Ker nel<<< thread_blocks  , threads_per_block
>>>(x)
      
      ierrSync  = cudaGetLastError()
      ierrAsync = cudaDeviceSynchronize()
      if ( ierrSync /= cudaSuccess ) then
        write (* ,*) ' Sync ker nel er ror : ' ,
cudaGetErrorString( ierrSync )
      end if
      if ( ierrAsync /= cudaSuccess ) then
        write (* ,*) ' Async ker nel er ror : ' ,
cudaGetErrorString ( ierrAsync )
      end if
      istat = cudaDeviceSynchronize ()
      
      de vice_sum = de vice_sum ma tion(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,7) = t
      
      print 20,thread_blocks,threads_per_block,n,de vice_sum,t
      20 for mat(2x,i8,2x,i6,6x,i10,2x,f21.0,2x,f10.7)
      
      y=x
      
      t = time_dif fer ence()
      tim ing_fig ures(i,4) = t
      cpu_sum=sum(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,8) = t
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      print 30,cpu_sum,t
      30 for mat(36x,f21.0,2x,f10.7)
         
      deallocate(x)
      t = time_dif fer ence()
      tim ing_fig ures(i,5) = t
      
      deallocate(y)
      t = time_dif fer ence()
      tim ing_fig ures(i,6) = t       
      n = n * 2
      
    end do
    
   call end_tim ing()
     print *,'  Al lo cate                As sign                  
Deallocate              Sum ma tion'
!           1234567890123456789012345678901234567890
   print *,'        gpu         cpu         gpu         
cpu         gpu         cpu         gpu         cpu'
   do I=1,20
     print 40,tim ing_fig ures(i,1:8)
     40 for mat(8(2x,f10.7))
   end do 
end pro gram

Here is the out put
 2022/11/30 10:14:49 426
    Thread    Threads            N              Sum         Time
    blocks    per block
         1    1024            1024                524800.  
0.0000508
                                                  524800.  
0.0000012
         2    1024            2048               2098176.  
0.0000320
                                                 2098176.  
0.0000019
         4    1024            4096               8390656.  
0.0000231
                                                 8390656.  
0.0000028
         8    1024            8192              33558528.  
0.0000210
                                                33558528.  
0.0000050
        16    1024           16384             134225920.  
0.0000210
                                               134225920.  
0.0000091
        32    1024           32768             536887296.  
0.0000301
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                                               536887296.  
0.0000188
        64    1024           65536            2147516416.  
0.0000332
                                              2147516416.  
0.0000380
       128    1024          131072            8590000128.  
0.0000391
                                              8590000128.  
0.0000861
       256    1024          262144           34359869440.  
0.0000591
                                             34359869440.  
0.0001579
       512    1024          524288          137439215616.  
0.0000780
                                            137439215616.  
0.0002899
      1024    1024         1048576          549756338176.  
0.0001240
                                            549756338176.  
0.0005748
      2048    1024         2097152         2199024304128.   0.0002029
                                           2199024304128.  
0.0010359
      4096    1024         4194304         8796095119360.   0.0003779
                                           8796095119360.  
0.0020199
      8192    1024         8388608        35184376283136.   0.0007641
                                          35184376283136.  
0.0040598
     16384    1024        16777216       140737496743936.   0.0010212
                                         140737496743936.  
0.0080361
     32768    1024        33554432       562949970198528.   0.0015650
                                         562949970198528.  
0.0160630
     65536    1024        67108864      2251799847239680.   0.0028451
                                        2251799847239680.  
0.0323019
    131072    1024       134217728      9007199321849856.   0.0055599
                                        9007199321849856.  
0.0645239
    262144    1024       268435456     36028797153181696.   0.0111342
                                       36028797153181696.  
0.1290501
    524288    1024       536870912    144115188344291328.   0.0225160
                                      144115188344291328.  
0.2583959
 2022/11/30 10:14:54 755
 To tal time =                       5.328152
   Al lo cate                As sign                  Deallocate              
Sum ma tion
         gpu         cpu         gpu         cpu         gpu         
cpu         gpu         cpu
   0.2520980   0.0000110   0.0000339   0.0000200   0.0000048  
0.0000041   0.0000508   0.0000012
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   0.0000031   0.0000009   0.0000031   0.0000090   0.0000031  
0.0000000   0.0000320   0.0000019
   0.0000019   0.0000010   0.0000019   0.0000110   0.0000022  
0.0000009   0.0000231   0.0000028
   0.0000019   0.0000000   0.0000031   0.0000169   0.0000021  
0.0000000   0.0000210   0.0000050
   0.0000019   0.0000010   0.0000019   0.0000269   0.0000021  
0.0000010   0.0000210   0.0000091
   0.0000019   0.0000009   0.0000022   0.0000460   0.0000022  
0.0000009   0.0000301   0.0000188
   0.0000019   0.0000000   0.0000031   0.0000879   0.0000040  
0.0000010   0.0000332   0.0000380
   0.0000031   0.0000009   0.0000041   0.0001788   0.0000081  
0.0000000   0.0000391   0.0000861
   0.0001390   0.0000010   0.0000090   0.0002971   0.0001001  
0.0000009   0.0000591   0.0001579
   0.0000770   0.0000000   0.0000101   0.0004751   0.0000911  
0.0000010   0.0000780   0.0002899
   0.0000770   0.0000009   0.0000081   0.0008950   0.0000921  
0.0000009   0.0001240   0.0005748
   0.0001512   0.0000069   0.0000090   0.0017102   0.0000951  
0.0004380   0.0002029   0.0010359
   0.0001049   0.0000050   0.0000091   0.0030072   0.0001020  
0.0008290   0.0003779   0.0020199
   0.0001230   0.0000060   0.0000091   0.0059221   0.0001230  
0.0016141   0.0007641   0.0040598
   0.0001879   0.0000062   0.0000100   0.0119059   0.0001619  
0.0031340   0.0010212   0.0080361
   0.0003059   0.0000062   0.0000100   0.0244870   0.0002501  
0.0059600   0.0015650   0.0160630
   0.0004771   0.0000069   0.0000090   0.0463850   0.0004111  
0.0120411   0.0028451   0.0323019
   0.0008919   0.0000060   0.0000121   0.0940702   0.0007401  
0.0234630   0.0055599   0.0645239
   0.0016458   0.0000062   0.0000129   0.1882619   0.0013229  
0.0454951   0.0111342   0.1290501
   0.0032279   0.0000069   0.0000151   0.3912561   0.0025039  
0.0913012   0.0225160   0.2583959

Look at the fol low ing

· cpu and gpu times for the same size prob lem;

· cpu and gpu times as the prob lem size in creases;

Sum ma tion val ues for the gpu and cpu are now the same.

14.12Chap ter 45 ex am ple 6: cal cu lat ing pi

In this sec tion we look at a Cuda For tran pro gram to calulate pi us ing the same meth ods as
in the chap ters on par al lel pro gram ming with MPI, Openmp and coarray for tran. We also
look at com par ing the tim ing with these other 3 meth ods and with other compilers.

Here is the source code.

in clude 'pre ci sion_mod ule.f90'
in clude 'in te ger_kind_mod ule.f90'
in clude 'tim ing_mod ule.f90'
mod ule fill
  use in te ger_kind_mod ule
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  use pre ci sion_mod ule
  
  im plicit none
  con tains
    at trib utes(global) sub rou tine fill_pi_ar ray(y, n)
      im plicit none
      
      real (dp) , de vice :: y(:)
      in te ger, value     :: n
      in te ger            :: I
      real               :: x
      real (dp)          :: width
        width = 1.0_dp/n
        I = (blockidx%x-1)*blockdim%x + threadidx%x
        x = width*(real(i,dp)-0.5_dp)
        if (I <= n) then
          y(I) = 4.0_dp/(1.0_dp+x*x)
        end if
      re turn
    end sub rou tine
end mod ule
pro gram par al lel_pi
  use cublas
  use fill
  
  use in te ger_kind_mod ule
  use pre ci sion_mod ule
  use tim ing_mod ule
  
  im plicit none
  in te ger                          :: n
  real (dp) , allocatable , de vice :: x(:)
  real (dp)                        :: cal cu lated_pi
  real (dp)                        :: in trin sic_pi =
4.0_dp*atan(1.0_dp)
  real (dp)                        :: pi_dif fer ence
  in te ger                          :: threads_per_block
= 1000
  in te ger                          :: thread_blocks
  in te ger                          :: I
  char ac ter (20)                   :: head ing
  
    call start_tim ing()
 
    n=1000000
     
    do I=1,3
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      print 10,n
      10 for mat(' N =    ',i12)
      
      thread_blocks = n/threads_per_block
      al lo cate(x(n))
      
      head ing = ' Al lo ca tion'
      print 100,head ing,time_dif fer ence()
      100 for mat(a20,f18.6)
      call fill_pi_ar ray<<<thread_blocks,threads_per_block>>>(x,n)

      
      head ing = ' Fill ar ray'
      print 100,head ing,time_dif fer ence()
      cal cu lated_pi = dasum(n,x,1)/n
      
      head ing = ' dasum call'
      print 100,head ing,time_dif fer ence()
      print 20,cal cu lated_pi
      20 for mat(' Cal cu lated ',f18.15)
      print 30,in trin sic_pi
      30 for mat(' In trin sic  ',f18.15)
      pi_dif fer ence=abs(cal cu lated_pi-in trin sic_pi)
      print 40,pi_dif fer ence
      40 for mat(' Dif fer ence ',f18.15)
      deallocate(x)
      head ing = ' Deallocation'
      print 100,head ing,time_dif fer ence()
      n=n*10
      print *,' '
      
    end do
  call end_tim ing()
  
end pro gram

Here is the out put.

 2022/11/30 10:14:55 326
 N =         1000000
 Al lo ca tion                   0.206592
 Fill ar ray                   0.000338
 dasum call                   7.525906
 Cal cu lated  3.141592653590480
 In trin sic   3.141592653589793
 Dif fer ence  0.000000000000687
 Deallocation                 0.000319
  
 N =        10000000
 Al lo ca tion                   0.000492
 Fill ar ray                   0.003186
 dasum call                   0.000415
 Cal cu lated  3.141592653585755
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 In trin sic   3.141592653589793
 Dif fer ence  0.000000000004038
 Deallocation                 0.000344
  
 N =       100000000
 Al lo ca tion                   0.002609
 Fill ar ray                   0.030919
 dasum call                   0.003685
 Cal cu lated  3.141592653583027
 In trin sic   3.141592653589793
 Dif fer ence  0.000000000006766
 Deallocation                 0.001230
  
 2022/11/30 10:15: 3 102
 To tal time =                       7.776064

Here are some other tim ing fig ures.

14.12.1 Tim ing fig ures, ex am ple ch3204, MPI, Intel For tran

Here is the out put.

 2022/12/ 1  9:35:20 282
  for tran_in ter nal_pi =    3.1415926535897931     
 N in ter vals =       100000 time =   0.000655
 pi =   3.1415926535981265
 dif fer ence =   0.0000000000083333
 N in ter vals =      1000000 time =   0.000236
 pi =   3.1415926535898753
 dif fer ence =   0.0000000000000822
 N in ter vals =     10000000 time =   0.002073
 pi =   3.1415926535897842
 dif fer ence =   0.0000000000000089
 N in ter vals =    100000000 time =   0.020611
 pi =   3.1415926535897980
 dif fer ence =   0.0000000000000049
 N in ter vals =   1000000000 time =   0.206553
 pi =   3.1415926535898402
 dif fer ence =   0.0000000000000471
     0.013
 2022/12/ 1  9:35:20 526
 To tal time =                       0.243566

14.12.2 Tim ing fig ures, ex am ple ch3304, openmp, Intel For tran

Here is the out put.

 2022/11/30 16:47: 3 953
  Max i mum num ber of threads is           36
  Num ber of threads =           36
 N in ter vals =       100000 time =             0.007952
 dif fer ence =         0.0000000000083324
 N in ter vals =      1000000 time =             0.000305
 dif fer ence =         0.0000000000000835
 N in ter vals =     10000000 time =             0.001730
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 dif fer ence =         0.0000000000000004
 N in ter vals =    100000000 time =             0.015941
 dif fer ence =         0.0000000000000098
 N in ter vals =   1000000000 time =             0.060744
 dif fer ence =         0.0000000000000098
 2022/11/30 16:47: 4  40
 To tal time =                       0.086695

14.12.3 Tim ing fig ures, ex am ple ch3304, openmp, nvidia For tran

Here is the out put.

 2022/11/30 16:45:25  40
  Max i mum num ber of threads is            36
  Num ber of threads =            36
 N in ter vals =       100000 time =             0.001457
 dif fer ence =         0.0000000000083684
 N in ter vals =      1000000 time =             0.011744
 dif fer ence =         0.0000000000000289
 N in ter vals =     10000000 time =             0.087735
 dif fer ence =         0.0000000000000622
 N in ter vals =    100000000 time =             0.479924
 dif fer ence =         0.0000000000006333
 N in ter vals =   1000000000 time =             3.842343
 dif fer ence =         0.0000000000001776
 2022/11/30 16:45:29 463
 To tal time =                       4.423211

14.12.4 Tim ing fig ures, ex am ple ch3304, openmp, Nag For tran

Here is the out put.

 2022/11/30 16:42:42 351
  Max i mum num ber of threads is  36
  Num ber of threads =  36
 N in ter vals =       100000 time =             0.003242
 dif fer ence =         0.0000000000083329
 N in ter vals =      1000000 time =             0.003348
 dif fer ence =         0.0000000000000964
 N in ter vals =     10000000 time =             0.005580
 dif fer ence =         0.0000000000000102
 N in ter vals =    100000000 time =             0.021254
 dif fer ence =         0.0000000000000027
 N in ter vals =   1000000000 time =             0.105482
 dif fer ence =         0.0000000000000453
 2022/11/30 16:42:42 490
 To tal time =                       0.138916

14.12.5 Timing fig ures, ex am ple ch3304, openmp, gfor tran

Here is the out put.

 2022/11/30 16:42:54 511
  Max i mum num ber of threads is           36
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  Num ber of threads =           36
 N in ter vals =       100000 time =             0.001403
 dif fer ence =         0.0000000000083338
 N in ter vals =      1000000 time =             0.000333
 dif fer ence =         0.0000000000000839
 N in ter vals =     10000000 time =             0.002151
 dif fer ence =         0.0000000000000093
 N in ter vals =    100000000 time =             0.028183
 dif fer ence =         0.0000000000000280
 N in ter vals =   1000000000 time =             0.101257
 dif fer ence =         0.0000000000000284
 2022/11/30 16:42:54 644
 To tal time =                       0.133334

14.12.6 Tim ing fig ures, ex am ple ch3403, coarray For tran, Intel For tran

Here is the out put.

  Num ber of im ages =           36
 2022/11/29 17:32: 5 617
 n in ter vals =       100000 time =          0.000739
 pi =   3.1415926535981269
 dif fer ence =   0.0000000000083338
 n in ter vals =      1000000 time =          0.000642
 pi =   3.1415926535898748
 dif fer ence =   0.0000000000000817
 n in ter vals =     10000000 time =          0.001582
 pi =   3.1415926535897971
 dif fer ence =   0.0000000000000040
 n in ter vals =    100000000 time =          0.011347
 pi =   3.1415926535898029
 dif fer ence =   0.0000000000000098
 n in ter vals =   1000000000 time =          0.105456
 pi =   3.1415926535898109
 dif fer ence =   0.0000000000000178
 2022/11/29 17:32: 5 737
 To tal time =                       0.120299

14.12.7 Tim ing fig ures, ex am ple ch3403, coarray For tran, Nag For tran

Here is the out put.

  Num ber of im ages =  36
 2022/11/30 16:30:38 331
 n in ter vals =       100000 time =          0.001245
 pi =   3.1415926535981251
 dif fer ence =   0.0000000000083320
 n in ter vals =      1000000 time =          0.000282
 pi =   3.1415926535898757
 dif fer ence =   0.0000000000000826
 n in ter vals =     10000000 time =          0.002181
 pi =   3.1415926535897838
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 dif fer ence =   0.0000000000000093
 n in ter vals =    100000000 time =          0.028454
 pi =   3.1415926535897989
 dif fer ence =   0.0000000000000058
 n in ter vals =   1000000000 time =          0.099151
 pi =   3.1415926535898406
 dif fer ence =   0.0000000000000475
 2022/11/30 16:30:38 462
 To tal time =                       0.131326

14.12.8 Tim ing fig ures sum mary 

In this sec tion we com pare some of the re sults. Here is a ta ble with tim ing fig ures.

Ex am ple Method Com piler Prob lem Cal cu la tion Time Notes

num ber size time

ch4506 gpu nvidia 100,000,000 fill ar ray dasum call 1

0.030919 0.003685 0.035

ch3204 mpi Intel 100,000,000 0.020611 0.021

ch3304 openmp Intel 100,000,000 0.015941 0.016

ch3304 openmp Nag 100,000,000 0.021254 0.021

ch3304 openmp nvidia 100,000,000 0.479924 0.480

ch3304 openmp gfortran 100,000,000 0.281183 0.281

ch3403 coarray Intel 100,000,000 0.011347 0.011

ch3403 coarray Nag 100,000,000 0.028454 0.028

ch4506 gpu nvidia 1,000,000,000 fill ar ray dasum call 1

NA NA 2

ch3204 mpi Intel 1,000,000,000 0.2065553 0.207
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Ex am ple Method Com piler Prob lem Cal cu la tion Time Notes

num ber size time

ch3304 openmp Intel 1,000,000,000 0.060744 0.061

ch3304 openmp Nag 1,000,000,000 0.105482 0.105

ch3304 openmp nvidia 1,000,000,000 3.842343 3.842

ch3304 openmp gfortran 1,000,000,000 0.101257 0.101

ch3403 coarray Intel 1,000,000,000 0.105456 0.105

ch3403 coarray Nag 1,000,000,000 0.099151 0.099

14.12.8.1 Notes

1 Nvidia tim ing has 2 com po nents

2 Tim ing not avail able. Size too large for gpu al lo ca tion

14.13Nvidia Cuda

We have got this to work on Win dows at this time us ing Microsoft VS 2022. This pro vides
C++ based par al lel pro gram ming.

168 Nvidia HPC toolkit and gpu programming

Chap ter 14 © Ian D Chivers & Jane Sleightholme



15 Intel oneapi toolkits
As was stated in the pre vi ous chap ter both Intel and Nvidia toolkits of fer the pos si bil ity of
de vel op ing code that can run on both CPUs and GPUs, i.e. with a sys tem with a cpu and
graphics card it is pos si ble to do pro cess ing on both the CPU and GPU. In this chap ter we
look at Intel's of fer ings.

15.1 Intel toolkit over view

Intel make their com pil ers avail able via a va ri ety of toolkits: Here is the Intel link.

https://www.intel.com/con tent/www/us/en/de vel -
oper/tools/oneapi/toolkits.html#gs.597yak

They make the fol low ing toolkits avail able:

· Intel® oneAPI Base Toolkit

· Intel oneAPI HPC Toolkit

· Intel® AI Ana lyt ics Toolkit

· Intel® Dis tri bu tion of OpenVINO toolkit (Pow ered by oneAPI)

· Intel® oneAPI Ren der ing Toolkit

· Intel oneAPI IoT Toolkit

· Intel® Sys tem Bring-up Toolkit

The two Intel toolkits we have looked at are:

· Intel Base toolkit

· Intel HPC toolkit

More de tailed cov er age is given be low.

15.2 Intel base toolkit

Intel rec om mend in stall ing this toolkit first. You can take the de fault in stall (which is large) 
or choose a sub set. We nor mally omit the Py thon com po nent. We have used this toolkit on
Win dows, Linux (var i ous dis tri bu tions) and the Mac. Here are the com po nents as of July
2022.

· Intel® oneAPI Col lec tive Com mu ni ca tions Li brary

· Intel® oneAPI Data Ana lyt ics Li brary

· Intel® oneAPI Deep Neu ral Net works Li brary

· Intel® oneAPI DPC++©++ Com piler

· Intel® oneAPI DPC++ Li brary

· Intel® oneAPI Math Ker nel Li brary

· Intel® oneAPI Thread ing Build ing Blocks

· Intel® oneAPI Video Pro cess ing Li brary

· Intel® Ad vi sor

· Intel® Dis tri bu tion for GDB*

· Intel® Dis tri bu tion for Py thon*

· Intel® DPC++ Com pat i bil ity Tool
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· Intel® FPGA Add-on for oneAPI Base Toolkit

· Intel® In te grated Per for mance Prim i tives

· Intel® VTune™ Pro file

This is about 40 GB.

15.3 Intel HPC toolkit

We rec om mend in stall ing all of this toolkit. We have used this toolkit on Win dows, Linux
(var i ous dis tri bu tions) and the Mac. It has the fol low ing com po nents as of July 2022.

· Intel oneAPI DPC++©++ Com piler

· Intel® C++ Com piler Clas sic

· Intel® Clus ter Checker

· Intel® For tran Com piler

· Intel® For tran Com piler Clas sic

· Intel® In spec tor

· Intel® MPI Li brary

· Intel® Trace An a lyzer and Col lec tor

This is about 17 GB.

15.4 Na tive Intel gpu ex am ples

Cur rently we do not have ac cess to an Intel gpu and can not pro vide any ex am ples.

15.5 Intel sup port for Nvidia gpus - un der development

Here is a link to the Intel oneAPI toolkit No vem ber 2023 an nounce ments.

https://www.intel.com/con tent/www/us/en/
de vel oper/tools/oneapi/toolkits.html

and here is a link to their Nvidia de vel op ments.

https://de vel oper.codeplay.com/prod ucts/oneapi/
nvidia/2024.0.0/guides/get-started-guide-nvidia#in -
stall-oneapi-for-nvidia-gpus

Here is an ex tract from the Intel site.

· Sup ported Plat forms

· This re lease has been tested on the fol low ing plat forms:

· GPU Hard ware

· NVIDIA A100-PCIE-40GB

· Ar chi tec ture

· Am pere - sm_80

· Op er at ing Sys tem

·    Ubuntu 22.04.2 LTS

· CUDA

· 12.2
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· GPU Driver

· 535.54.03

· This re lease should work across a wide ar ray of NVIDIA GPUs and CUDA ver -

sions, but Codeplay can not guar an tee cor rect op er a tion on un tested plat forms.

· The pack age has been tested on Ubuntu 22.04 only, but can be in stalled on any

Linux sys tems

· Sys tem setup and in stal la tion

· You will need the fol low ing C++ de vel op ment tools in -

stalled in or der to build and run oneAPI ap pli ca tions: 

cmake

gcc, 

g++, 

make and

pkg-config.

· The fol low ing con sole com mands will in stall the above

tools on the most pop u lar Linux dis tri bu tions:

· Ubuntu

sudo apt up date

sudo apt -y in stall cmake pkg-config build-es sen tial

· Ver ify that the tools are in stalled by run ning:

which cmake pkg-config make gcc g++

· You should see out put sim i lar to:

/usr/bin/cmake

/usr/bin/pkg-config

/usr/bin/make

/usr/bin/gcc

/usr/bin/g++

As we have in stalled the Nvidia toolkit on a na tive Ubuntu sys tem we will con cen trate on
the Ubuntu ver sion in what fol lows. Here is a link to some on line in for ma tion.

https://de vel oper.codeplay.com/prod -
ucts/oneapi/nvidia/2024.0.0/guides/

Here is an ex tract from that site.

· oneAPI for NVIDIA GPUs 2024.0.0

· oneAPI for NVIDIA GPUs is a plugin for Intel® oneAPI

Toolkits that en ables de vel op ers to build oneAPI ap pli ca -

tions with DPC++ / SYCL™ and run them on NVIDIA

GPUs.

· The plugin adds a CUDA® backend to DPC++ and you

will see the terms oneAPI for NVIDIA GPUs and DPC++
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CUDA plugin used in ter change ably through out this doc u -

men ta tion.

De tails of work ing with Redhat and SuSe are given at the end of this chap ter.

15.6 Doc u men ta tion

Intel make avail able a range of doc u men ta tion. Here are some of their guides and doc u men -
ta tion.

· Intel® oneAPI DPC++/C++ Com piler De vel oper 

Guide and Ref er ence: 823 pages 

· dpcpp-cpp-com piler_de vel oper-guide-

ref er ence_2024.0-767253-792222.pdf

· Intel® oneAPI Pro gram ming Guide: 114 pages

· oneapi_pro gram ming-guide_2024.0-771723-785315.pdf

· Intel® oneAPI DPC++ Li brary De vel oper Guide and Ref er ence: 60 pages

· onedpl_de vel oper-guide_2022.3-768913-792229.pdf

· Get Started with the Intel oneAPI DPC++ Li brary: 6 pages

· onedpl_get-started-guide_2022.3-768911-792228.pdf

Intel rec om mend the fol low ing free book.

· Data par al lel C++ Mas ter ing DPC++ for Pro gram ming of Het er o ge neous Sys -

tems us ing C++ and SYCL

Here is a link

https://link.springer.com/book/10.1007/978-1-4842-5574-2

15.7 In stall ing the Intel Nvidia toolkit on other Linux op er at ing sys tems

15.7.1 Red Hat and Fe dora

· sudo yum up date

· sudo yum -y in stall cmake pkgconfig

· sudo yum groupinstall "De vel op ment Tools"

15.7.2 SUSE

sudo zypper up date

· sudo zypper --non-in ter ac tive in stall cmake pkg-config

· sudo zypper --non-in ter ac tive in stall pat tern devel_C_C++

Ver ify that the tools are in stalled by run ning:

· which cmake pkg-config make gcc g++

You should see out put sim i lar to:

· /usr/bin/cmake

· /usr/bin/pkg-config

· /usr/bin/make

· /usr/bin/gcc
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· /usr/bin/g++
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16 Tem plates and ge neric
pro gram ming in the next stan dard

There are cur rently two pro pos als be fore the stan dards com mit tee con cern ing tem plates and 
ge neric pro gram ming in the next stan dard - F202Y

One was a sim ple pro posal from Ja pan, and  the sec ond is the J3 sub group on generics and
tem plate pro gram ming.

Here are links to some of the lat est doc u ments.

https://j3-for tran.org/doc/year/23/23-104.txt

· For mal specs for TEM PLATE

https://j3-for tran.org/doc/year/23/23-148.txt

· Thoughts on ad di tional generics fea tures

https://j3-for tran.org/doc/year/23/23-155r2.txt

· For mal syn tax for generics

https://j3-for tran.org/doc/year/23/23-159.txt

· sim ple tem plates

https://j3-for tran.org/doc/year/23/23-166r1.txt

· Push ing the us abil ity of tem plates

https://j3-for tran.org/doc/year/23/23-187.txt

· Short hands for Sim ple Tem plates

https://j3-for tran.org/doc/year/23/23-188.txt

· Pos si ble So lu tions to Long Tem plates

· https://j3-for tran.org/doc/year/23/23-202.txt

Pack ag ing long ar gu ment lists of tem plates

https://j3-for tran.org/doc/year/23/23-204.txt

· Tem plates Tu to ri als

In this chap ter we pro vide two ex am ples, one based on the Jap a nese syn tax and the sec ond
based on the J3 syn tax.

Both of these ex am ples are drafts and are sub ject to change. They hope fully high light some
ex am ples of what can be achieved.

16.1 Back ground in for ma tion

The fourth edi tion has a num ber of ex am ples of ge neric pro gram ming:

· chap ter 25: example 1 - ge neric sort ing mod ule;

· chap ter 25: ex am ple 2 - ge neric sta tis tics mod ule; 

· chap ter 38: ex am ple 1 - ge neric sort ing ex am ple with tim ing mod ule;

· chap ter 38: ex am ple 6 - ge neric sort ing mod ule call ing the C++ STL par al lel

sort ing rou tines;
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In all of the ex am ples we, the pro gram mer, have to pro vide sub rou tines that im ple ment the
sort ing and sta tis tics cal cu la tions our selves, for each data type we are in ter ested in. We use
the in ter face syn tax mech a nism of For tran 90 to do this. So we have:

ch2501

  in ter face sort_data
    mod ule pro ce dure sort_real_sp
    mod ule pro ce dure sort_real_dp
    mod ule pro ce dure sort_real_qp
    mod ule pro ce dure sort_in te ger_8
    mod ule pro ce dure sort_in te ger_16
    mod ule pro ce dure sort_in te ger_32
    mod ule pro ce dure sort_in te ger_64
  end in ter face

ch2502

  in ter face cal cu late_sta tis tics
    mod ule pro ce dure cal cu late_sp
    mod ule pro ce dure cal cu late_dp
    mod ule pro ce dure cal cu late_qp
  end in ter face

ch3801

  in ter face sort_data
    mod ule pro ce dure sort_real_sp
    mod ule pro ce dure sort_real_dp
    mod ule pro ce dure sort_real_qp
    mod ule pro ce dure sort_in te ger_8
    mod ule pro ce dure sort_in te ger_16
    mod ule pro ce dure sort_in te ger_32
    mod ule pro ce dure sort_in te ger_64
  end in ter face

ch3806

  in ter face sort_data
    mod ule pro ce dure sort_real_sp
    mod ule pro ce dure sort_real_dp
    mod ule pro ce dure sort_real_qp
    mod ule pro ce dure sort_in te ger_8
    mod ule pro ce dure sort_in te ger_16
    mod ule pro ce dure sort_in te ger_32
    mod ule pro ce dure sort_in te ger_64
  end in ter face

and cor re spond ing C++ code.

extern "C"
{
  void stl_sort_i32(int * x , const int nx)
  {
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    vec tor<int> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}
extern "C"
{
  void stl_sort_i64(long long int * x , const int nx)
  {
    vec tor<long long int> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}
extern "C"
{
  void stl_sort_r32(float * x , const int nx)
  {
    vec tor<float> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
      x[i]= y[i];
    re turn;
  }
}
extern "C"
{
  void stl_sort_r64(dou ble * x , const int nx)
  {
    vec tor<dou ble> y(nx);
    int i;
    for(i=0;i<nx;i++)
      y[i]= x[i];
    sort( std::ex e cu tion::par_unseq, y.be gin(), y.end() );
    for(i=0;i<nx;i++)
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      x[i]= y[i];
    re turn;
  }
}

The other syn tax mech a nism that has been used in the sort ing ex am ples is the in clude op -
tion where we re duce our cod ing by 'in clud ing' a com mon al go rithm, that is in de pend ent of
the type of data that we are work ing with.

Here is an ex am ple of the quicksort  in clude code.

  i = l
  j = r
  v = raw_data(int((l+r)/2))
  do
    do while (raw_data(i)<v)
      i = i + 1
    end do
    do while (v<raw_data(j))
      j = j - 1
    end do
    if (i<=j) then
      t = raw_data(i)
      raw_data(i) = raw_data(j)
      raw_data(j) = t
      i = i + 1
      j = j - 1
    end if
    if (i>j) exit
  end do
  if (l<j) then
    call quicksort(l, j)
  end if
  if (i<r) then
    call quicksort(i, r)
  end if

i.e. this code works with any type where the op er a tions of comparison and as sign ment are
de fined.

Here is a com plete sort sub rou tine for real type.

  sub rou tine sort_real_sp(raw_data, how_many)
    use pre ci sion_mod ule
    im plicit none
    in te ger, in tent (in) :: how_many
    real (sp), in tent (inout), di men sion (:) :: raw_data

    call quicksort(1, how_many)

  con tains
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    re cur sive sub rou tine quicksort(l, r)
      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      real (sp) :: v, t

!      in clude 'quicksort_in clude_code.f90'
  i = l
  j = r
  v = raw_data(int((l+r)/2))
  do
    do while (raw_data(i)<v)
      i = i + 1
    end do
    do while (v<raw_data(j))
      j = j - 1
    end do
    if (i<=j) then
      t = raw_data(i)
      raw_data(i) = raw_data(j)
      raw_data(j) = t
      i = i + 1
      j = j - 1
    end if
    if (i>j) exit
  end do
  if (l<j) then
    call quicksort(l, j)
  end if
  if (i<r) then
    call quicksort(i, r)
  end if

    end sub rou tine

  end sub rou tine

We will use this sub rou tine as a start ing point in the ex am ples that fol low.

16.2 Chap ter 47 - ex am ple 1 - ge neric sort tem plate, Jap a nese pro posal

16.2.1 Tem plate source code

Here is the tem plate source code.

mod ule sort_tem plate_mod ule_ja pan

con tains

  ge neric sub rou tine sort(x, n)
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    use pre ci sion_mod ule
    use in te ger_kind_mod ule

    type(i8,i16,i32,i64,sp,dp,qp) , in tent(inout) :: x(:)
    in te ger , in tent(in)    :: n 

    call quicksort(1, n)

  con tains

    re cur sive sub rou tine quicksort(l, r)

      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      typeof (x) :: v, t

! used to in clude the com mon sort ing code
! in clude 'quicksort_in clude_code.f90'

        i = l
        j = r
        v = x(int((l+r)/2))
        do
          do while (x(i)<v)
            i = i + 1
          end do
          do while (v<x(j))
            j = j - 1
          end do
          if (i<=j) then
            t = x(i)
            x(i) = x(j)
            x(j) = t
            i = i + 1
            j = j - 1
          end if
          if (i>j) exit
        end do
        if (l<j) then
          call quicksort(l, j)
        end if
        if (i<r) then
          call quicksort(i, r)
        end if

    end sub rou tine
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  end sub rou tine

end tem plate

end mod ule

The two key state ments are

  ge neric sub rou tine sort(x, n)

and

    type(i8,i16,i32,i64,sp,dp,qp) , in tent(inout) :: x(:)

and the last state ment says that we want to be able to cre ate or instantiate a ge neric sort
sub rou tine with ar rays of type

· in te ger - i8, i16, i32, i64, as de fined in the in te ger_kind_module

and

· real - sp (sin gle pre ci sion), dp (dou ble pre ci sion), qp (quad pre ci sion), as de fined 

in the pre ci sion_mod ule.

The op er a tions of com par i son and as sign ment are de fined and know by the com piler for
these in te ger and real in trin sic kind types.

16.2.2 Com plete Jap a nese pro gram source code

Here is the com plete source code. It is an up dated ver sion of ex am ple 1 in chap ter 38.
in clude 'in te ger_kind_mod ule.f90'
in clude 'pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'

mod ule sort_tem plate_mod ule_ja pan

con tains

  ge neric sub rou tine sort(x, n)

    use pre ci sion_mod ule
    use in te ger_kind_mod ule

    type(i8,i16,i32,i64,sp,dp,qp) , in tent(inout) :: x(:)
    in te ger , in tent(in)    :: n 

    call quicksort(1, n)

  con tains

    re cur sive sub rou tine quicksort(l, r)

      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      typeof (x) :: v, t
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! used to in clude the com mon sort ing code
! in clude 'quicksort_in clude_code.f90'

        i = l
        j = r
        v = x(int((l+r)/2))
        do
          do while (x(i)<v)
            i = i + 1
          end do
          do while (v<x(j))
            j = j - 1
          end do
          if (i<=j) then
            t = x(i)
            x(i) = x(j)
            x(j) = t
            i = i + 1
            j = j - 1
          end if
          if (i>j) exit
        end do
        if (l<j) then
          call quicksort(l, j)
        end if
        if (i<r) then
          call quicksort(i, r)
        end if

    end sub rou tine

  end sub rou tine

end tem plate

end mod ule

pro gram ch4701

  use pre ci sion_mod ule
  use in te ger_kind_mod ule
  use tim ing_mod ule
  use sort_tem plate_mod ule_ja pan

  im plicit none

  in te ger, pa ram e ter :: n  =     1000
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  char ac ter *12      :: nn =   '1,000'
  char ac ter *80      :: re port_file_name = 'ch3801_re -
port.txt'

  real (sp), allocatable, di men sion (:) :: x_sp
  real (sp), allocatable, di men sion (:) :: t_x_sp

  real (dp), allocatable, di men sion (:) :: x_dp
  real (dp), allocatable, di men sion (:) :: t_x_dp

  real (qp), allocatable, di men sion (:) :: x_qp

  in te ger (i32), allocatable, di men sion (:) :: y_i32
  in te ger (i64), allocatable, di men sion (:) :: y_i64

  in te ger :: al lo cate_sta tus = 0

  char ac ter *20, di men sion (5) :: heading1 = &
  [ '  32 bit real', &
    '  32 bit int ', &
    '  64 bit real', &
    '  64 bit int ', &
    ' 128 bit real' ]

  char ac ter *20, di men sion (3) :: &
  heading2 = [ '      Al lo cate ', &
               '      Ran dom   ', &
               '      Sort     ' ]

  print *, 'Pro gram starts'
  print *, 'N = ', nn
  call start_tim ing()

  open (unit=100, file=re port_file_name)

  print *, heading1(1)

  al lo cate (x_sp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, ' Al lo cate failed. Pro gram ter mi nates'
    stop 10
  end if

  print 100, heading2(1), time_dif fer ence()
  100 for mat (a20, 2x, f18.6)

  call ran dom_num ber(x_sp)
  t_x_sp = x_sp
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  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_sp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') ' First 10 32 bit reals'
  write (unit=100, fmt=110) x_sp(1:10)
110 for mat (5(2x,e14.6))

  print *, heading1(2)

  al lo cate (y_i32(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 30
  end if

  print 100, heading2(1), time_dif fer ence()
  y_i32 = int(t_x_sp*1000000000, i32)

  deallocate (x_sp)
  deallocate (t_x_sp)

  print 100, heading2(2), time_dif fer ence()
  call sort_data(y_i32, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 32 bit in te gers'
  write (unit=100, fmt=120) y_i32(1:10)
120 for mat (5(2x,i10))
  deallocate (y_i32)

  print *, heading1(3)

  al lo cate (x_dp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 30
  end if

  al lo cate (t_x_dp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 40
  end if

  print 100, heading2(1), time_dif fer ence()
  call ran dom_num ber(x_dp)
  t_x_dp = x_dp
  print 100, heading2(2), time_dif fer ence()
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  call sort_data(x_dp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 64 bit reals'
  write (unit=100, fmt=110) x_dp(1:10)

  print *, heading1(4)

  al lo cate (y_i64(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 40
  end if

  print 100, heading2(1), time_dif fer ence()
  y_i64 = int(t_x_dp*1000000000000000_i64, i64)

  deallocate (x_dp)
  deallocate (t_x_dp)

  print 100, heading2(2), time_dif fer ence()
  call sort_data(y_i64, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 64 bit in te gers'
  write (unit=100, fmt=120) y_i64(1:10)
  deallocate (y_i64)

  print *, heading1(5)

  al lo cate (x_qp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 50
  end if

  print 100, heading2(1), time_dif fer ence()
  call ran dom_num ber(x_qp)
  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_qp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 128 bitreals'
  write (unit=100, fmt=110) x_qp(1:10)

  close (200)
  print *, 'Pro gram ter mi nates'
  call end_tim ing()

end pro gram
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16.3 Chap ter 47 - ex am ple 2 - ge neric sort tem plate - J3 pro posal

16.3.1 J3 pro posal tem plate source code

Here is the sort tem plate

mod ule sort_tem plate_mod ule_j3

tem plate sort_tem plate(k)

!  use pre ci sion_mod ule
!  use in te ger_kind_mod ule

  pri vate

  pub lic :: sort_data

! in te ger , con stant  :: k
  in te ger , pa ram e ter :: k

  in ter face sort_data
    mod ule pro ce dure sort
  end in ter face

con tains

  sub rou tine sort(x, n)

    use pre ci sion_mod ule
    use in te ger_kind_mod ule

    type(k) , in tent(inout) :: x(:)
    in te ger , in tent(in)    :: n 

    call quicksort(1, n)

  con tains

    re cur sive sub rou tine quicksort(l, r)

      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      type (k) :: v, t

! used to in clude the com mon sort ing code
! in clude 'quicksort_in clude_code.f90'

        i = l
        j = r
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        v = x(int((l+r)/2))
        do
          do while (x(i)<v)
            i = i + 1
          end do
          do while (v<x(j))
            j = j - 1
          end do
          if (i<=j) then
            t = x(i)
            x(i) = x(j)
            x(j) = t
            i = i + 1
            j = j - 1
          end if
          if (i>j) exit
        end do
        if (l<j) then
          call quicksort(l, j)
        end if
        if (i<r) then
          call quicksort(i, r)
        end if

    end sub rou tine

  end sub rou tine

end tem plate

end mod ule

The key state ments are

tem plate sort_tem plate(k)

and

    type(k) , in tent(inout) :: x(:)

where the sort rou tine is ef fec tively parameterised by the type of the x ar ray.

The next set of state ments of in ter est are in the main pro gram.

  instantiate sort_tem plate( sp)

  instantiate sort_tem plate( dp)

  instantiate sort_tem plate( qp)

  instantiate sort_tem plate(i32)

  instantiate sort_tem plate(i64)

where we are tell ing the com piler we want to cre ate or instantiate the sort_tem plate with ar -
rays of in te ger i32 and i64 type, and real ar rays of type sp, dp and qp type. Again the op er -
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a tions of com par i son and as sign ment are know by the com piler for these in te ger and real
in ter nal kind types.

16.3.2 J3 pro posal com plete pro gram source code

Here is the com plete source code

in clude 'in te ger_kind_mod ule.f90'
in clude 'pre ci sion_mod ule.f90'
in clude 'tim ing_mod ule.f90'

mod ule sort_tem plate_mod ule_j3

tem plate sort_tem plate(k)

!  use pre ci sion_mod ule
!  use in te ger_kind_mod ule

  pri vate

  pub lic :: sort_data

! in te ger , con stant  :: k
  in te ger , pa ram e ter :: k

  in ter face sort_data
    mod ule pro ce dure sort
  end in ter face

con tains

  sub rou tine sort(x, n)

    use pre ci sion_mod ule
    use in te ger_kind_mod ule

    type(k) , in tent(inout) :: x(:)
    in te ger , in tent(in)    :: n 

    call quicksort(1, n)

  con tains

    re cur sive sub rou tine quicksort(l, r)

      im plicit none
      in te ger, in tent (in) :: l, r
      in te ger :: i, j
      type (k) :: v, t
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! used to in clude the com mon sort ing code
! in clude 'quicksort_in clude_code.f90'

        i = l
        j = r
        v = x(int((l+r)/2))
        do
          do while (x(i)<v)
            i = i + 1
          end do
          do while (v<x(j))
            j = j - 1
          end do
          if (i<=j) then
            t = x(i)
            x(i) = x(j)
            x(j) = t
            i = i + 1
            j = j - 1
          end if
          if (i>j) exit
        end do
        if (l<j) then
          call quicksort(l, j)
        end if
        if (i<r) then
          call quicksort(i, r)
        end if

    end sub rou tine

  end sub rou tine

end tem plate

end mod ule

pro gram ch4702

  use pre ci sion_mod ule
  use in te ger_kind_mod ule
  use tim ing_mod ule
  use sort_tem plate_mod ule_usa

  im plicit none

  in te ger, pa ram e ter :: n  =     1000
  char ac ter *12      :: nn =   '1,000'
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  char ac ter *80      :: re port_file_name = 'ch3801_re -
port.txt'

  instantiate sort_tem plate( sp)
  instantiate sort_tem plate( dp)
  instantiate sort_tem plate( qp)
  instantiate sort_tem plate(i32)
  instantiate sort_tem plate(i64)

  real (sp), allocatable, di men sion (:) :: x_sp
  real (sp), allocatable, di men sion (:) :: t_x_sp

  real (dp), allocatable, di men sion (:) :: x_dp
  real (dp), allocatable, di men sion (:) :: t_x_dp

  real (qp), allocatable, di men sion (:) :: x_qp

  in te ger (i32), allocatable, di men sion (:) :: y_i32
  in te ger (i64), allocatable, di men sion (:) :: y_i64

  in te ger :: al lo cate_sta tus = 0

  char ac ter *20, di men sion (5) :: heading1 = &
  [ '  32 bit real', &
    '  32 bit int ', &
    '  64 bit real', &
    '  64 bit int ', &
    ' 128 bit real' ]

  char ac ter *20, di men sion (3) :: &
  heading2 = [ '      Al lo cate ', &
               '      Ran dom   ', &
               '      Sort     ' ]

  print *, 'Pro gram starts'
  print *, 'N = ', nn
  call start_tim ing()

  open (unit=100, file=re port_file_name)

  print *, heading1(1)

  al lo cate (x_sp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, ' Al lo cate failed. Pro gram ter mi nates'
    stop 10
  end if
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  print 100, heading2(1), time_dif fer ence()
  100 for mat (a20, 2x, f18.6)

  call ran dom_num ber(x_sp)
  t_x_sp = x_sp

  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_sp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') ' First 10 32 bit reals'
  write (unit=100, fmt=110) x_sp(1:10)
110 for mat (5(2x,e14.6))

  print *, heading1(2)

  al lo cate (y_i32(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 30
  end if

  print 100, heading2(1), time_dif fer ence()
  y_i32 = int(t_x_sp*1000000000, i32)

  deallocate (x_sp)
  deallocate (t_x_sp)

  print 100, heading2(2), time_dif fer ence()
  call sort_data(y_i32, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 32 bit in te gers'
  write (unit=100, fmt=120) y_i32(1:10)
120 for mat (5(2x,i10))
  deallocate (y_i32)

  print *, heading1(3)

  al lo cate (x_dp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 30
  end if

  al lo cate (t_x_dp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 40
  end if
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  print 100, heading2(1), time_dif fer ence()
  call ran dom_num ber(x_dp)
  t_x_dp = x_dp
  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_dp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 64 bit reals'
  write (unit=100, fmt=110) x_dp(1:10)

  print *, heading1(4)

  al lo cate (y_i64(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 40
  end if

  print 100, heading2(1), time_dif fer ence()
  y_i64 = int(t_x_dp*1000000000000000_i64, i64)

  deallocate (x_dp)
  deallocate (t_x_dp)

  print 100, heading2(2), time_dif fer ence()
  call sort_data(y_i64, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 64 bit in te gers'
  write (unit=100, fmt=120) y_i64(1:10)
  deallocate (y_i64)

  print *, heading1(5)

  al lo cate (x_qp(1:n), stat=al lo cate_sta tus)
  if (al lo cate_sta tus/=0) then
    print *, 'Al lo cate failed. Pro gram ter mi nates'
    stop 50
  end if

  print 100, heading2(1), time_dif fer ence()
  call ran dom_num ber(x_qp)
  print 100, heading2(2), time_dif fer ence()
  call sort_data(x_qp, n)
  print 100, heading2(3), time_dif fer ence()
  write (unit=100, fmt='(a)') 'First 10 128 bitreals'
  write (unit=100, fmt=110) x_qp(1:10)

  close (200)
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  print *, 'Pro gram ter mi nates'
  call end_tim ing()

end pro gram  

16.4 diff out put be tween the two ex am ples

Here is the diff out put be tween the two com plete ex am ples

5c5,21
< mod ule sort_tem plate_mod ule_ja pan
---
> mod ule sort_tem plate_mod ule_j3
> 
> tem plate sort_tem plate(k)
> 
> !  use pre ci sion_mod ule
> !  use in te ger_kind_mod ule
> 
>   pri vate
> 
>   pub lic :: sort_data
> 
> ! in te ger , con stant  :: k
>   in te ger , pa ram e ter :: k
> 
>   in ter face sort_data
>     mod ule pro ce dure sort
>   end in ter face
9c25
<   ge neric sub rou tine sort(x, n)
---
>   sub rou tine sort(x, n)
14c30
<     type(i8,i16,i32,i64,sp,dp,qp) , in tent(inout) :: x(:)
---
>     type(k) , in tent(inout) :: x(:)
65c81
< pro gram ch4701
---
> pro gram ch4702
70c86
<   use sort_tem plate_mod ule_ja pan
---
>   use sort_tem plate_mod ule_j3
76c92,98
<   char ac ter *80      :: re port_file_name = 'ch4701_re -
port.txt'
---
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>   char ac ter *80      :: re port_file_name = 'ch4702_re -
port.txt'
> 
>   instantiate sort_tem plate( sp)
>   instantiate sort_tem plate( dp)
>   instantiate sort_tem plate( qp)
>   instantiate sort_tem plate(i32)
>   instantiate sort_tem plate(i64)

As can be seen the im ple men ta tion us ing the two new For tran F202Y pro pos als is quite
straight for ward.

16.5 Line counts for the three sort mod ules

Here are the line counts for the three sort mod ules

161     sort_data_mod ule.f90

 27     quicksort_in clude_code.f90

The to tal line count for the sort_data_mod ule with in cluded quicksort com mon code is 161
+ (7 * 27) -7

333     To tal sort_data_mod ule.f9

 79     sort_tem plate_mod ule_j3.f90

 62     sort_tem plate_mod ule_ja pan.f90

We now also have only one set of code to mod ify if we want to reimplement the sort al go -
rithm, in stead of the pre vi ous 7.

16.6 Ac knowl edge ments

Thanks to John Reid who rec om mended get ting in touch with Brad Rich ard son for more in -
for ma tion about the J3 pro pos als for generics and tem plates in the next stan dard.

Thanks to Brad Rich ard son for pro vid ing the zip file which con tained the slides from his
pre sen ta tion at the J3 and WG5 meet ing at Man ches ter in June 2023. Thanks to Brad for
also pro vid ing a link to his youtube pre sen ta tion on generics and tem plates.

Thanks to John Reid for cor rect ing the Jap a nese ex am ple.
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‘Though this be mad ness, yet there is method in’t’

Shake speare.

‘Plenty of prac tice’ he went on re peat ing, all the time that Al ice was get ting him on his feet 
again. ‘plenty of prac tice.’

The White Knight, Through the Look ing Glass and What Al ice Found There, Lewis
Carroll.

17 Compilers used
In this chap ter we will look at the com pil ers we use with sim ple, de bug and run time com -
pi la tion flags. A seperate document has de tails of the di ag nos tic ca pa bil i ties of the com pil -
ers we use. We rec om mend teach ing and code de vel op ment with the best di ag nos tic com -
piler avail able. We also rec om mend de vel op ing with a min i mum of three com pil ers.

We cur rently use the fol low ing com pil ers

· NAG

· Intel

· gfortran

· nvidia

· Cray

The NAG and Intel com pil ers we use na tively on both Win dows and Linux.

The gfortran com piler we use on Linux pri mar ily. We use it on a na tive in stall (openSuSe
linux), un der Hy per-V (openSuSe, Redhat, ubuntu), and also un der WSL (openSuSe and
Ubuntu).

The Nvidia com piler we use un der Linux. There is no Win dows ver sion at the mo ment. We
use it un der a na tive in stall (openSuSe), un der Hy per-V (openSuSe and Redhat) and un der
WSL (openSuSe).

The Cray com piler we use on the HPC sys tems at Ed in burgh.

17.1 NAG

This is the com piler we teach with. It has con sis tently been one of the best di ag nos tic com -
pil ers avail able. The com piler is avail able for Win dows, Linux and the Mac.

17.1.1 Nor mal com pile

nagfor

17.1.2 De bug com pile

One or more of

· -C=all

· -C=un de fined

· -f2018 or -f2008

· -g

· -gline
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· -ieee=stop

· -info

· -mtrace=ver bose

· -thread_safe

17.1.3 Op ti mised com pile - sim ple

nagfor -O4

17.1.4 Op ti mised com pile - openmp

nagfor -O4 -fopenmp

17.1.5 op ti mised com pile - coarray

nagfor -O4 -coarray

17.1.6 op ti mised com pile - mpi

Not avail able by de fault.

17.2 Intel

This com piler is avail able for both Win dows and Linux. 

17.2.1 Nor mal com pile

ifort

17.2.2 De bug com pile

One or more of

· /check:all

· /de bug:all

· /fpe:0

· /gen-in ter faces

· /stan dard-se man tics

· /traceback

· /warn:all

Here are some ex tracts from the help files.

/check:all - en ables the fol low ing

· check arg_temp_cre ated

· En ables run-time check ing on whether ac tual ar gu ments

are cop ied into tem po rary stor age be fore rou tine calls. If a

copy is made at run-time, an in for ma tive mes sage is dis -

played.

· check as sume

· En ables run-time check ing on whether the sca -

lar-Boolean-ex pres sion in the AS SUME di rec tive is true

and that the ad dresses in the AS SUME_ALIGNED di rec -

tive are aligned on the spec i fied byte bound aries. If the
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test is .FALSE., a run-time er ror is re ported and the ex e cu -

tion ter mi nates.

· check bounds

· En ables com pile-time and run-time check ing for ar ray sub -

script and char ac ter substring ex pres sions. An er ror is re -

ported if the ex pres sion is out side the di men sion of the ar -

ray or the length of the string. For ar ray bounds, each in di -

vid ual di men sion is checked. For ar rays that are dummy

ar gu ments, only the lower bound is checked for a di men -

sion whose up per bound is spec i fied as * or where the up -

per and lower bounds are both 1. For some intrinsics that

spec ify a DIM= di men sion ar gu ment, such as LBOUND,

an er ror is re ported if the spec i fied di men sion is out side

the de clared rank of the ar ray be ing op er ated upon. Once

the pro gram is de bugged, omit this op tion to re duce ex e -
cut able pro gram size and slightly im prove run-time per for -

mance.   It is rec om mended that you do bounds check ing

on    unoptimized code. If you use op tion check bounds on    

op ti mized code, it may pro duce mis lead ing mes sages be -

cause    reg is ters (not mem ory lo ca tions) are used for

bounds val ues.   

· check con tig u ous

· Tells the com piler to check pointer con ti gu ity at

pointer-as sign ment time. This will help pre vent pro gram -

ming er rors such as as sign ing con tig u ous point ers to

non-con tig u ous ob jects.

·  check for mat

· Is sues the run-time FORVARMIS fa tal er ror when the

data type of an item be ing for mat ted for out put does not

match the for mat descriptor be ing used (for ex am ple, a

REAL*4 item for mat ted with an I edit descriptor). With

check noformat, the data item is for mat ted us ing the spec i -

fied descriptor un less the length of the item can not ac com -

mo date the descriptor (for ex am ple, it is still an er ror to

pass an IN TE GER*2 item to an E edit descriptor). 

· check out put_con ver sion

· Is sues the run-time OUTCONERR continuable er ror mes -

sage when a data item is too large to fit in a des ig nated

for mat descriptor field with out loss of sig nif i cant dig its.
For mat trun ca tion oc curs, the field is filled with as ter isks

(*), and ex e cu tion con tin ues.

·  check point ers
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· En ables run-time check ing for dis as so ci ated or

uninitialized For tran point ers, unallocated allocatable ob -

jects, and in te ger point ers that are uninitialized.

·  check stack

· En ables check ing on the stack frame. The stack is checked 

for buffer over runs and buffer underruns. This op tion also

en forces lo cal vari ables ini tial iza tion and stack pointer ver -

i fi ca tion. This op tion dis ables op ti mi za tion and over rides

any op ti mi za tion level set by op tion O.

·  check uninit

· En ables run-time check ing for uninitialized vari ables. If a

vari able is read be fore it is writ ten, a run-time er ror rou -

tine will be called. Only lo cal sca lar vari ables of in trin sic

type IN TE GER, REAL, COM PLEX, and LOG I CAL with -

out the SAVE at trib ute are checked. To de tect

uninitialized ar rays or ar ray el e ments, please see op tion

[Q]init or see the ar ti cle ti tled: De tec tion of Uninitialized
Float ing-point Vari ables in Intel® For tran, which is lo -

cated in 

https://soft ware.intel.com/ar ti cles/de tec -

tion-of-uninitialized-float ing-point-vari ables-in-intel-for -

tran 

· /de bug:all

· Gen er ates com plete de bug ging in for ma tion. It pro duces 

sym bol ta ble in for ma tion needed for full sym bolic de bug -

ging  of unoptimized code and global sym bol in for ma tion

needed  for link ing. It is the same as spec i fy ing /de bug

with no  key word. If you spec ify /de bug:full for an ap pli -

ca tion that  makes calls to C li brary rou tines and you need 

to de bug  calls into the C li brary, you should also spec ify

/dbglibs  to re quest that the ap pro pri ate C de bug li brary be 

linked  against.

· /fpe:0

· Float ing-point in valid, di vide-by-zero, and  over flow ex -

cep tions are en abled through out the ap pli ca tion  when the

main pro gram is com piled with this value.  If any such ex -

cep tions oc cur, ex e cu tion is aborted.  This op tion causes

denormalized float ing-point  re sults to be set to zero.

· /gen_in ter faces 

· Tells the com piler to gen er ate an in ter face block for each 

rou tine in a source file. 

· /stan dard_se man tics 
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· De ter mines whether the cur rent For tran Stan dard be hav -

iour of  the com piler is fully im ple mented.

· /traceback 

· Tells the com piler to gen er ate ex tra in for ma tion in the  ob -

ject file to pro vide source file traceback in for ma tion  when 

a se vere er ror oc curs at run time. 

· /warn:all 

17.2.3 Op ti mised com pile - sim ple

ifort -O3 -heap-ar rays /Qparallel -fp=strict

17.2.4 Op ti mised com pile - openmp

ifort -O3 -heap-ar rays /Qparallel -fp=strict -fopenmpt

17.2.5 op ti mised com pile - coarray

ifort -O3 -heap-ar rays /Qparallel -fp=strict /Qcoarray

17.2.6 op ti mised com pile - mpi

A batch file is avail able un der Win dows and a shell script un der Linux

· mpif90

17.3 gfortran

This com piler is avail able for a wide va ri ety of plat forms. It is free.

17.3.1 Nor mal com pile

gfortran

17.3.2 De bug com pile

One or more of

· -fbacktrace

· -fcheck:all

· -ffpe-trap=zero,over flow,un der flow

· -g

· -O

· -pe dan tic-er rors

· -std=f2008

· -Wall

· -Wunderflow

Here are some ex tracts from the help files.

· -fbacktrace

· trace back in the event of a run time er ror, i.e. the For tran

runtime li brary tries to out put a backtrace of the er ror

· -fcheck
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· En able the gen er a tion of run-time checks; 

the ar gu ment shall be a comma-de lim ited list of the 

fol low ing keywords. all En able all run-time test of -fcheck

· -ffpe-trap=list 

·  Spec ify a list of float ing point ex cep tion traps to en able

· -pe dan tic

·  Is sue warn ings for uses of ex ten sions to For tran 95

· -std

·  stan dard con for mance

· -Wall

· En ables com monly used warn ing op tions per tain ing to us -

age that we rec om mend avoid ing and that we be lieve are

easy to avoid. This cur rently in cludes

 -Waliasing, -Wampersand, -Wconversion,

-Wsurprising, -Wc-bind ing-type, 

-Wintrinsics-std, -Wtabs,-Wintrinsic-shadow, 

-Wline-trun ca tion, -Wtarget-life time, 

-Wreal-q-con stant and -Wunused.

· -Wunderflow

· Pro duce a warn ing when nu mer i cal con stant ex pres sions

are en coun tered, which yield an UN DER FLOW dur ing

com pi la tion. En abled by de fault

· -Wrealloc-lhs 

· Warn when the com piler might in sert code to for al lo ca -

tion or re al lo ca tion of an allocatable ar ray vari able of in -
trin sic type in in trin sic as sign ments

17.3.3 Op ti mised com pile - sim ple

gfortran -O3

17.3.4 Op ti mised com pile - openmp

gfortran -O3 -fopenmp

17.3.5 op ti mised com pile - coarray

gfortran -O3 -fcoarray=

One of

· none

· sin gle

· li brary

17.3.6 op ti mised com pile - mpi

Sep a rate in stall.
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17.4 Nvidia

The pri mary plat form that this com piler is avail able for is Linux. Ad di tional in for ma tion
about the Nvidia of fer ings is given later in this chap ter.

17.4.1 Nor mal com pile

nvfortran

17.4.2 De bug com pile

One or more of

· -C

· -g

· -Mbounds

· -Mchkptr

· -Mchkstk

· -traceback

17.4.3 Op ti mised com pile - sim ple

nvfortran -O4

17.4.4 Op ti mised com pile - openmp

-fopenmp

17.4.5 op ti mised com pile - coarray

NA

17.4.6 op ti mised com pile - mpi

NA

17.5 HP - nee Cray

This is avail able on HPC sys tems. We use it on the UK HPC sys tems at Ed in burgh.

17.5.1 Nor mal com pile

ftn

17.5.2 De bug com pile

-G - de bug level

-R - runtime checks

17.5.3 Op ti mised com pile - sim ple

De fault options

17.5.4 Op ti mised com pile - openmp

De fault op tions

17.5.5 op ti mised com pile - coarray

De fault op tions

17.5.6 op ti mised com pile - mpi

De fault op tions
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17.6 Win dows and Linux com pile scripts

A small num ber of batch files (Win dows) and shell scripts (linux) are avail able:

· Win dows

· gfortran_compile.bat

· intel_com pile.bat

· nag_compile.bat

· Linux

· cray_compile.sh

· gfortran_compile.sh

· intel_com pile.bat

· nag_compile.sh

· nvidia_nvidia.sh

We rec om mend down loading the fourth edi tion up date tar file and ex tract ing all of the files. 
This should pro vide you with all of the files in the fourth edition and fourth edi tion up date.

17.7 Re runs of ex am ples from the fourth edi tion with cur rent com pil ers

In this sec tion we have re runs of some of the ex am ples from the fourth edi tion with cur rent
com pil ers.

17.7.1 Chap ter 33 - ex am ple 5, com par i son of whole ar ray, do loop, do con -
cur rent and openmp

Here are the com piler de tails.

gfortran - linux

· GCC ver sion 13.2.1 20230803 

[re vi sion cc279d6c64562f05019e1d12d0d825f9391b5553]

· -mtune=ge neric -march=x86-64 -O2 -fopenmp 

-fpre-in clude=/usr/in clude/finclude/math-vec tor-for tran.h

gfortran - windows

·  GCC ver sion 13.2.0

·  -mtune=ge neric -march=x86-64 -mthreads -O2 -fopenmp

Intel - linux

· Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca tions run ning on Intel

· (R) 64, Ver sion 2021.9.0 Build 20230302_000000

· -O2 -fopenmp -o ch3305_ifort_linux.out

Intel - windows

·  Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca tions run ning on Intel

·  (R) 64, Ver sion 2021.10.0 Build 20230609_000000

·  /O2 /openmp /o:ch3305_ifort.exe

Nag - windows

·  NAG For tran Com piler Re lease 7.1(Hanzomon) Build 7110
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·  -O4 -openmp

Nvidia - linux

·  nvfortran 23.9-0

·  ch3305.f90 -fast -Mvect=simd -Mflushz -Mcache_align 

-Mno-signed-ze ros -fopenmp -mp  

Here are the sum mary tim ing fig ures.

ch3305.f90 Com par i son of whole ar ray, do loop, do con cur rent and openmp

Mem ory 128 GB

CPU Intel I9-10980XE

Cores 36

Nag Intel Intel gfortran gfortran nvfortran

win dows win dows linux linux win dows linux

7.1-7110 2021.10.0 2021.9.0 13.2.1 13.2.0 23.9-0

Whole ar ray 0.378274 0.196800 0.169849 0.191275 0.179287 0.170696

Do loop 0.185623 0.177500 0.180843 0.191207 0.179637 0.170382

Do con cur rent 0.174196 0.039400 0.038133 0.178620 0.170870 0.170599

openmp 0.047436 0.042400 0.037865 0.045798 0.045414 0.045564

17.7.2 Chap ter 38 - ex am ple 1

Here is a sam ple run.

 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.11.0 Build 20231010_000000

 Pro gram starts
 N = 100,000,000
 2023/11/29 16:11:17 569
   32 bit real
      Al lo cate                  0.016000
      Ran dom                    0.515000
      Sort                      9.985000
   32 bit int
      Al lo cate                  0.000000
      Ran dom                    0.125000
      Sort                      9.609000
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   64 bit real
      Al lo cate                  0.016000
      Ran dom                    0.921000
      Sort                     10.282000
   64 bit int
      Al lo cate                  0.000000
      Ran dom                    0.265000
      Sort                      9.578000
  128 bit real
      Al lo cate                  0.032000
      Ran dom                    2.671000
      Sort                     24.579000
 Pro gram ter mi nates
 2023/11/29 16:12:26 163
 To tal time =                      68.594000

17.7.3 Chap ter 38 - ex am ple 2

Here is a sam ple run.

C:\doc u ment\for tran\4th_edi tion_up date\ex am ples>ch3802_ifort
 Pro gram starts
 N = 100,000,000
 2023/11/29 16:13:50 695
   32 bit real
      Al lo cate                  0.000000
      Ran dom                    0.438000
      Sort                      8.594000
   32 bit int
      Al lo cate                  0.000000
      Ran dom                    0.109000
      Sort                      2.094000
   64 bit real
      Al lo cate                  0.000000
      Ran dom                    0.734000
      Sort                     10.141000
  Pro gram ter mi nates
 2023/11/29 16:14:12 805
 To tal time =                      22.110000

17.7.4 Chap ter 38 - ex am ple 3

Here is a sam ple run.

C:\doc u ment\for tran\4th_edi tion_up date\ex am ples>ch3803
 Pro gram starts
 N = 100,000,000
 2023/11/29 16:14:21 820
   64 bit real
      Al lo cate           0.000
      Ran dom             0.751
      Sort               2.202
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 Pro gram ter mi nates
 2023/11/29 16:14:24 773
 To tal time =                       2.953000

17.7.5 Chap ter 38 - ex am ple 6

This is a du pli cate of the earlier ex am ple in these notes.

C:\doc u ment\for tran\4th_edi tion_up date\ex am ples>ch3806_ifort

 Intel(R) For tran Intel(R) 64 Com piler Clas sic for ap pli ca -
tions run ning on Intel
 (R) 64, Ver sion 2021.11.0 Build 20231010_000000

 Pro gram starts
 N = 100,000,000
 2023/11/29 16:18:29 507
   32 bit real
      Al lo cate                  0.000000
      Ran dom                    0.516000
      Sort                      1.515000
   32 bit int
      Al lo cate                  0.000000
      Ran dom                    0.125000
      Sort                      1.328000
   64 bit real
      Al lo cate                  0.016000
      Ran dom                    0.906000
      Sort                      1.625000
   64 bit int
      Al lo cate                  0.000000
      Ran dom                    0.266000
      Sort                      1.547000
  128 bit real
      Al lo cate                  0.031000
      Ran dom                    2.547000
      Sort                     21.531000
 Pro gram ter mi nates
 2023/11/29 16:19: 1 460
 To tal time =                      31.953000

17.7.6 Chap ter 38 - com par a tive tim ing of ch3801, ch3802, ch3803 and
ch3806 with the Intel ifort and ifx com pil ers.

Here are two ta bles com par ing the tim ing of ch3801, ch3802, ch3803 and ch3806 for 64 bit 
reals us ing the Intel ifort and ifx com pil ers.
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· ifort

Comparison of tim ing of 4 sort ing programs us ing Intel ifort

Data type Component ch3801 ch3802 ch3803 ch3806

serial serial parallel parallel

64 bit real allocate 0.016000 0.000000 0.000000 0.016000

64 bit real random 0.921000 0.734000 0.751000 0.906000

64 bit real sort 10.282000 10.141000 2.202000 1.625000

· ifx

Comparison of tim ing of 4 sort ing programs us ing Intel ifx

Data type Component ch3801 ch3802 ch3803 ch3806

serial serial parallel parallel

64 bit real allocate 0.016000 0.015000 0.000000 0.016000

64 bit real random 1.219000 1.047000 1.062000 1.235000

64 bit real sort 9.437000 8.610000 2.234000 1.656000
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18 Development environments
We cover some of the de vel op ment environment op tions in this chap ter. Most For tran com -
pil ers don't come with a bun dled IDE. In this chap ter we look at some op tions.

18.1 NAG

NAG pro vide For tran Builder. We pre pared an ar ti cle for the Au gust 2015 edi tion of For -
tran Fo rum on For tran Builder. The doc u ment is avail able on the FortranPlus site.

Here is a screen shot of For tran Builder.

Con sult the ar ti cle for a com pre hen sive cov er age.

18.2 Intel

On a Win dows plat form Intel in te grates into Vi sual Stu dio. See the next sec tion.
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18.3 Microsoft Vi sual Stu dio

Here is a screen shot of a re cent ver sion of Vi sual Stu dio.

We rec om mend in stall ing Vi sual Stu dio Com mu nity Edi tion be fore in stalling the Intel com -
piler suite. Visit 

https://visualstudio.microsoft.com/vs/com mu nity/

for more de tails of Vi sual Stu dio.

Visit

https://www.intel.com/con tent/www/us/en/de vel -
oper/tools/oneapi/toolkits.html#gs.zbt6x0

for de tails of the Intel toolkits. We rec om mend in stall ing the Intel base toolkit plus the Intel 
HPC toolkit.

We rec om mend in stalling a range of prod ucts in clud ing the Microsoft C++ com piler and C# 
com piler. 

18.4 Microsoft Vi sual Code

Microsoft also make Vi sual Code avail able.

Here is some blurb taken from their site.

· Vi sual Stu dio Code is a light weight but pow er ful source code ed i tor which runs

on your desk top and is avail able for Win dows, macOS and Linux. It co mes with

built-in sup port for JavaScript, Type Script and Node.js and has a rich eco sys tem

of ex ten sions for other lan guages (such as C++, C#, Java, Py thon, PHP, Go) and 

runtimes (such as .NET and Unity). 

Here is a link

https://code.visualstudio.com/

Ver sions are avail able for

· Win dows

Development environments 207

© Ian D Chivers & Jane Sleightholme Chap ter 18



· Linux

· Ap ple Mac

Here are some of the For tran ex ten sions for Microsoft VSCode.

· 1 for tran

· an ex ten sion for VS Code which pro vides sup port for the

For tran lan guage. Xa vier Hahn

· 2 Mod ern For tran

· For tran lan guage sup port, syn tax high light ing, Lan guage

Server Sup port, de bug ging etc. The For tran Pro gram ming

Lan guage.

· 3 For tran Intellisense

· VSCode in ter face to the For tran lan guage server.

· 4 For tran Break point sup port

· Add break point sup port for For tran. ekibun

· 5 for tran - ekon

· An ex ten sion for VS Code which pro vides syn tax high -

light sup port for the For tran Lan guage. Ekon Ben e fits.

· 6 vscode-mod ern-for tran-for mat ter

· Mod ern For tran For mat ter us ing fprettify. yukiuuh.

One or more of these may be in stalled. 
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Here is a screen shot on a Linux dis tri bu tion.
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Here is a screen shot. taken from a Win dows in stal la tion.
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