£ 4 > 73 Fortran ;& BB D Ehid
f2003 LABE DH#EBE. HFICO0OPICDWT

HRE . IRA B8R
HERRAR T — 4 fRAT - BUEETE 7 — 2> 3 v 7, 2022/3/31

E4' > Fortran f3&< (Fortran-jp)



X C®IC
BB
Fortran & D& W

OOP #FAHLI-BEZ1 73
SATSYIL—F D
N—=U3 V8B RE+axXy Mg EILROBENE

Fortran Standard Library ~D#A#F (2019 F£~)

1/48



ELC&HIC

2/48



AEDEEE

&% Fotran 21— DO %E BN

- fEFE D FORTRAN ICHWN = A5G
TBREDAIC Fortran 24 72 ) #B8EL7:E
- EY Vi Fortran AFERA LAEES A TS ) ADHE

ZOERARIE. FIEHRE Fortran #ERESR, F o6 B VRI U A (2021) EAKTT
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SF=E vl

HZEROLE

- BREEWIOETEEMICE DL 2R
- BB IREERR. AERER. 4L
- BUERRNT
- Fortran IC& B FRT A4 FIVR

- OpenMP, Coarray IC & %1514k
- RMySQL &FA L7 — 4 ALiE

5/48



SF=E vl

FRREEFAY -

0S Ubuntu 20.04
Editor Vim
Compiler gfortran, nagfor
Tools cmake, autotools, doxygen, bash, sed, awk, ...
Animation f03gl, OpenGL (<1.5)
Graphics R, gnuplot, plplot, ogpf
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FAD FORTRAN A58 (~2005 £ LE)

FEEDIFICCERBEZFN

- REOIBEHRUWIBEEND CEEE
S A—TFTA VI —LEE>THT
cIRAVIDELWERRL TW
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Fortran & D4\ (2008 FELE)

MEZEERR
- FORTRAN77(BF f90) dO— RE=¥HTR %,
- OXAYRNEL, BREBEVL., STEERERL,
- JL—F VBIHHI LW, BXDDICEY,
s RFa AV MIERN, EEEFBRXICAVWVIRESZWL,
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Fortran #):0:3& D B UV H (2009 &ELE)

- implicit none
- BROESEICLY., E10894 T RBHICES
- ZENRBEILFIEORRE

- ETREOETICHW., SRORERETILEHY
- ZROBICH LT, EE. FBA. HIRZHEICTD
- pointer Z5FA L) 7 ) X DIERK
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fortran2003 IC & fd < (2011 FELE)

AEY A XD EFmFET 2T —IRIMRLL A5,

1. BEAXRDHTEIZERL THi,
2. ZDEF % allocatable ICTNIERWEE X 7=,
- AVNRNASHAIS—AyvE—IU%H LT,
[ DIMBICKHIG] EWHBE.
3. L WHRIRDEFEICKAT <,
- 2003 FEDBBICS FEIFER > THIBEINLTLAW,
- 5 LA LT fortran(2003) IZFIAEA DAL ?

11/48



R & fortran D& (2011 L LE)

R T — 4923 A R & fortran T

- RIZT—9EBICHEN R L
- HOERNEE
- AEBVICESARITNIESQL #FRAEKRS
- vim & DEFEHED A EE (Nvim-R)
- HEIED RIFED 272 ok 7053 v rasinEr-rrgnsmnea)
- B WL % fortran(+OpenMP) JL—F 1k
- RH 5 fortran M so % call LBIBYAERE @ k% ER
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fortran T#H 2 %HE L 2 D H (2015 FLE)

BWBEAT5LT4A5

Python Scipy, Numpy BB iLIFIFMTHETZ %,
Julia EtEIFZR W, HEREL,
Octave Matlab E#,
R Python,fortran,C %= Call TZ& %,
fortran DIFKICXS I 5 £EfE & i
- FORTRAN(77) IZBIEIHD 7= 5% L
- fft, i, 7 4 LR E EDSERRT B H

fortran ©% OOP ZfEZ I Scipy DL I BFA TS UMNTEZIRDIC ---
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fortran DEE R Z NI =] H

EBICELWVLIEA RN VETHERNICETTEZ &,

- BTEIFRVWADRREW
- XEY -, EBMEMITOEERIE LR,
- MEBRAAEYXTOY T LRBEEICENT (FORTRAN7Z
B E)
- BEARMEFE (MPI,OpenMP,Coarray,0penACC,CUDA)
- BRAEE A BEICE X /2L (fortrans=Cr+>0)

—hH., BELYEVWPTIATRTZI—FHADODVTESZIN?
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2015 FEBF S O fortran ICBE 9 % BX48

FR1—H—EE8HINEL VD TIERWLD,
- SCipy DL D BRIFE—REDHBZ4 T Z ) &L,

- BREPKEESD=HICT— VBRI E TEBRT 2D
25U, (&< $H3 iworkwork {RB1%1)

- 2008 ¥ CTHE#EFE L /= fortran BAREZE DL,

VEET, BIRALYTVWELSERZA173Y 235,

- fortran M OOP % &
- Octave,Scipy DL 2 BFHAD LT &
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F79x0 MERADXY v

- iwork, work &, K< HBZ 7 — Oﬁﬂ%ﬁﬁfgé
CBEZBICEZRBRWVWBIBAT 74 MEEREA

— FOBEHMA. I ES

-#7910#5%ﬁ?—9%%o?V%

- AL v RAFIEZE T private,public DIEED B S
- B % Y 5RATRE

- RBI AL X TICEBINT — 49 = EE AR
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EDESRTA T YD LULD

(f5) =B8R & FRIT DIBIE L

- RERTHE SN/ R iR DREEE
- BUERRD, RIR, BHD AR DOREE

netlib CKIKIZIAFARETH B H ...
- DIERCKX, QUADPACK, MINPACK, ODEPACK, RKSUITE, ..
- D740 A TZYDBREWN
- netlib X RF 2 XY NARD SRR CLERR
Python,Octave,R TH TZ % 71'...
- HFELTERES fortran 7O S ATEWLEWL
- AH S fortran CREBEICEITERL W
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77410 DHF(CSV)

Octave

x=dlmread(file ,sep=",")

R

library (tidyverse)
x <— read_csv2(file)

Python

import pandas as pd

x=pd.read_csv(file ,header=0,index_col=0)

fortran

integer :: i,uni,n=10
real(kind=real64) :: x(10,n)
open(newunit=uni, file=fname)
do i=1,n

read(uni,*) x(:,i)
end do;close(uni)

Zo2L7zw
type(dfstats) :: x
call x%dlmread(fname,sep=",")
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ODEPACK(E 4o AR W HAERIE) D Fl

—FEDOEBD HRNIERE (X REEH)

dX
— =F(t,X
5 ~FeX)

[sode, lsoda

- Octave, Python(scipy) D&% TEI< L—F v D—D
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Octave T ODE (with ODEPACK)

x1 a(x —x1)

d

7| = f(t,x) = | bx; —x3 —x1x3
X3 X1X9 — CX3

function dx=f(x,t)
a=10;b=28;c=2.666;
dx(1)=ax(x(2)-x(1));
dx(2)=bxx (1) =x(2)=x(1)*xx(3);
dx(3)=x(1)*x(2)—c*x(3);

endfunction

x0=[0.5,0.5,0.5];

t=linspace(0,50,170000);

y=lsode('f',x0,t);

plot3(y(:,1),y(:,2),y(:,3))
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fortran T ODE (with ODEPACK)

program fortran_lsode
implicit none
integer :: itol ,itask, istate ,iopt,lrw,liw,6 mf

double precision ,dimension(:),allocatable y,rtol ,atol, rwork

call dlsode(fun,neq,x,t,tout,itol,rtol,atol,itask,istate &
& iopt,rwork, lrw ,iwork, liw ,jac , mf)

contains
subroutine fun(neq,t,x,dx)
integer :: neq

real(kind=real64) :: x(neq),dx(neq),a,b,c,t
a=10d0;b=28d0;c=2.666d0
dx(1)=ax(x(2)-x(1))
dx(2)=b*x(1) =x(2)=x(1)*x(3)
dx(3)=x(1)*x(2)—cxx(3)
end subroutine
end program

BLZ4 73 aF>TVWADICEBITES! 2/48



lsode Z{FEUL\2 3 < T3 (ElEimT — 9 DER)

lsode D5 %= 1B EAE TR

type, private :: lsod_base
integer :: neq, itol, itask, istate, iopt, lrw, liw
integer ,dimension (:),allocatable :: iwork
real (kind=dpkind) :: rtol, t
real (kind=dpkind),dimension (:), allocatable :: y,atol, rwork
procedure (odepack_fcn),nopass, pointer :: fcn => null()
procedure(odepack_jac1),nopass, pointer :: jac => null()
contains
final :: final_lsod_base
end type
type, extends(lsod_base),public :: lsode
integer :: mf
contains
procedure :: setup => setup_lsode
procedure :: run => run_lsode
end type

25/48



lsode ZE W3 < 32 (KGR AEBILES)

setup IL—F >

- AT aFILBIEkRE % SR
- rwork,iwork BBBD—ERICERE T PIEZ B CESR

type, public :: lsode_options !default value
real (kind=dpkind) :: h0=0d0,hmax=0d0, hmin=0d0
integer :: mxstep=1000000,mxhnil=0,mxordn=0
end type

ETCD5IHZEET D&

call t_lsode%setup(fcn,neq,t,itol,rtol,atol,itask, istate, &
& opt,jac,mf)

ERDELSIBOHZEET 5 &

call t_lsode%setup(fcn,neq,jac=jac)
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lsode ZfEWLP 3 < T 2 (HEER:EITEHD)

run Jb—F v EHFZH

subroutine run_lsode(self,tout)
class(lsode) :: self
real (kind=dpkind) :: tout

run Jb—F v OIRUH LA

call t_lsode%run(tout)

- setup V—F YV TRERINT A Y R ERH
- EEOIFR ZEEETBLITTXMNELOND
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lsode ZfEWLV\ P < §5

program modernized_lsode
use mod_ode ! definition of ‘lsode’
implicit none
type(lsode) ;1 t_lsode
real(kind=real64) :: dt,time
call t_lsode%setup(fcn,3,jac=jac,mf=10) ! setting up
dt=1d-2; time=0d0
t_lsode%y(:)=[0.5d0,0.5d0,0.5d0] !initial value
do
call t_lsode%run(time) !proceeding with the time step
time=time+dt; print *, time,t_lsode%y(:)
if (time>50d0) exit
end do
contains
subroutine fun(neq,t,x,dx)

subroutine jac(neq,t,x,ml,mu,pd,nrowpd)
end program

OA—RHPRYFYRZFHAD? 28/48



STERE DL (F77 vs ModernFortran)

- LSODE TR URIRE% & < (Corei7-2600)
- 500 EIDETEREME (P R{E) %8 (FITE L

F77FromC- e @oe o —D—_. [ X J
ModernFortran - e —ﬂ——
F77- ™ oo -l]——
0.030 0.035 0.040 0.045
Time (s)
= F77 ModernFortran F77FromC
STERRE (s)  0.03963 0.03959 0.03946
F77 EDHE  1.00000 0.99894 0.99572
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DIERCKX 2> 7= R TS 4 VDA

(F77) 2754 VEABOERICESBOEREERNDE,

real(kind=real64),dimension(m) :: x,y,w

real(kind=real64) :: xb,xe,

integer :: iopt,m,

call curfit(iopt,m,x,y,w,xb,xe, k,s,nest,n,t,c,fp,wrk,&
&lwrk ,iwrk ,ier) lgenerate spline function

call splev(t,n,c,k,x,y,m, ier) levaluation

(OOP L) #ERFREER T 3 EEBDBRWA S V1,

real(kind=real64),dimension(m) :: x,y
real(kind=real64) :: xeval

type(curfit1) :: spltype

call spltype%sett(x,y) lgenerate spline function

yeval=spltype%eval(xeval) !evaluation

OOP1bIC & V). Scipy,Octave M DEH = I
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F77%200P oy EV I 3DEER

- ALy RE—7MH
+ COMMON X &RF LIV —2 3 v ORERKISER
I —F U EBIBAEBEERICANTE, FUH LETH
LWish b COMMON ZE#USEERDEEEH
(private/share BHICK DT 5)
- lsode I& COMMON XHh'EEFNTW3

- procedure(interface) M E %
I HhITEEFIBERBIBMDBEI AT Y FOEEFED"
ECFITDZATIVIE AVI—T A REE Ln
WANRBWEEEH D

COMMON X HHEWZE I FIE A 5
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B C 71 57 TitFt % B84 (OpenMP)

- Runge Kutta ;&% 2003 CHRI—FT 1 ¥
cabcE ALY REBICEATHD

type, extends(rk) :: rkwithpara ! extended type
real(kind=real64) :: a=10d0,b=28d0,c=2.66666d0 ! parameter
end type

type(rkwithpara) :: rkobj(600)
real(kind=real64),parameter :: x0(3)=[1d0,1d0,1d0]*0.5d0
Iset up a,b,c
ISOMP parallel do private(i)
do i = 1,600
call rkobj(i)%setup(fcn,1d-4,3,"rkg”,x0) !fun,dt,nx,solver,initial
do
if ( rkobj(i)%time >50d0 ) exit
call rkobj(i)%drive(rkobj(i)%time+1d-2)
end do
enddo

Ryzen52600: 1ALy RM70# -6 AL v R# 127
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AL 7457 TitFlb % 5 (Coarray)

type , extends(rk4) :: rkwithpara
real(kind=real64) :: a=10d0,b=28d0,c=2.66666d0

end type

type(rkwithpara) :: rkobj[+] !coarray

.. ! pre processing (set different a,b,c)
call rkobj%setup(fcn,1d—4,3"rkg” ,x0)
do
if(rkobj%time > 50d0) exit
call rkobj%drive(rkobj%time+1d-2)
end do
| post processing

- BEBDEEDOH T, HEIFXICPU EL<KELI—NR
- WFEDEEMMIE "pre, post processing” T
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HaRE 25 A =

type, extends(rk) :: rkwithpara ! extended type
real (kind=real64) :: a=10d0,b=28d0,c=2.66666d0 ! parameter
end type

- b ZETOIREIBEER LA TRV

c AYY RDFBETEZT—Y =RREOT—4 £ k515
ICRET B2 ET, AO—T4ABEEICTE D

- EBAERBCEIHOBUCME RV, EBEHICEL L,

O—RFOBFANLPTV AN RTEHEERLPT W
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OOPZFERLIBEZ1T73Y
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N—2 3 VEBOEEN (AARRR)

FF Y —Jb : git, subversion
1. 771 IViRE 1. 771 IViRE
2. 771 IWVEER 2. git add
3. diff new.f90 old.f90 3. git commit -m “msg”
ZDERDEHIE? 4. git diff
5. git log
6. git tag

V=IO A THREICHEDRZEZLI TN S,
git: DABIN—Y 3 VER

38/48



N— 3 VEBOEEM (GitHub THEBIH)

folk BAFITD Y — 2% % GitHub L THEEHE
clone FFitorfolk DV —RZ=0O—AJ)LICTIE—
branch HgEIE MR D FAFE
push LRY MYICEERAEE
PR 7)) 2 TR b (GitHub £ D%/F)

pull request
- ARETICEDDEER S 16
- LEa—%& BERINEY—ILTELAS
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J—R&ERFaXY MDORBFRAFE

BATEWAI-—ROEHZREICEVWHETR I, ?
Doxygen I & 53X &1t

- XY MR TO— RICERBEAEBR

- HTMLZEDHA TR F a2 X v M E&ERK

- call,caller 72 7 = B8R 1%

W —F U ORFBREMAE

- (F)http://www.netlib.org/lapack/
explore-html/index.html
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http://www.netlib.org/lapack/explore-html/index.html
http://www.netlib.org/lapack/explore-html/index.html

Doxygen > 7)Y —Z23— K

1 >@f

|>@brief R4 kLD FYIE
I >
I>@fS\displaystyle\bar x=\frac{1}{n}\sum_{i=1}"{n}x_i@f$
pure function average(x) result(xave)
real (kind=dpkind),dimension (:),intent(in) :: x !< X& KJL
real(kind=dpkind) xave !< R4 hJLx®D E¥E
integer :: n
n=size(x)
xave=sum(x)/ real(n, kind=dpkind)
end function
I>@}
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Doxygen IC & W AR S5 HTML D4l

+ average()

pure real(kind=dpkind) function math::average ( real(kind=dpkind), dimension(®), intent(in) x)

~Y FILOFHEE

[in] X XZ FIL

Rbhi#
xave 7 b ILxDFE

Mod_Math.f90 @ 471 ITHICEZHD'HD £7.

a7 real(kind=dpkind) ,dimension(:), intent(in) :: x
473 real(kind=dpkind) xave

47 integer :: n

474 n=size(x)

475 xave=sum(x) /real(n,kind=dpkind)

4248




Cmake or Autotools

EIVR - FRAN- A4V MN=ILDOFIE

1. git pull

2. AV 714FalL—>a v (cmake ¥71E ./configure)
3. J— N{EIE
4. EJL K (make)
5. 7 A b (ctest £7=1E make check)
6. git commit & git push

7. 4 >~ Z b—=JL (make install)

(B%)

Autotools https://www.gnu.org/software/autoconf/
Cmake https:
//qiita.com/ijknabla/items/05270ae5e597705d0dae
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Fortran Standard Library (2019 £~)

BATWESA 73 OREIBE -7

- fortran2003 LA_E (scipy tofgasca—51 v ocE23)

- BEICATEIMESN AT LY KRR AP

- RKCEBEIN/AZRNFa XYk (FORDICEK D)
Goals and Motivation
The Fortran Standard, as published by the ISO, does not
have a Standard Library. The goal of this project is to
provide a community driven and agreed upon de facto
"standard” library for Fortran, called a Fortran Standard
Library (stdlib).

ISO (https://wg5-fortran.org/)
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https://wg5-fortran.org/

Fortran Standard Library

Scope
Utilities strings, files, OS/environment integration,
logging, ...
Algorithms searching and sorting, ...

Mathmatics linear algebra, fft, random numbers,
statistics, ordinary differential equations,
optimization, ...

- INETRAEEES A T IEARE,
TR RNY THASLRNRAVETEY—LL RIZ,

FEVWPTLLEVDT, NTHREE L THT=,
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Fortran Standard Library

fortran-lang https://fortran-1lang.org/
fstdlib https://github.com/fortran-lang/stdlib

fpm https://github.com/fortran-lang/fpm

- fortran DBERENR—IU BN TEL |
- stdlib, ZDFERARAERL A > 7 |
- fortran DRy —I v x—T v (fpm) HEFEH |
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https://fortran-lang.org/
https://github.com/fortran-lang/stdlib
https://github.com/fortran-lang/fpm

Fortran Standard Library ®IR1E (2021)
- BEICHEMEVTWVWES,
- LEAT7T—DRYUTVWERA.
- ERRE % FortranCon T2 EfiF TEES N E L

FORREICIHAOCLT W
TEREEHYHED TSVE L,
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