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REICH L3 RIEDVIMN—EHEHLUERETEMRIEESAVVRRIZD—
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I% Ei\. Curcic, M., Toward a thriving open source Fortran community, FortranCon 2020

Problem and Motivation Fortran lacks modern tooling

Fortran is a powerful, easy-to-learn language, and e No comprehensive standard library

1. It lacks modern tooling * No go-to build system |
2. Has a poor ecosystem of libraries * No package management solution
3. Its users are scattered and disconnected * Open source compilers few and far between

= User adoption and new Fortran projects are = Great language that can be difficult to work
diminishing with

Fortran users are scattered
and disconnected
Fortran started in the pre-internet era

Before email, websites, or version control * Difficult to find other users
GitHub? Forget about it! e No central online presence
Scarce open source library ecosystem e Conferences and meetups few and far between

Poor library ecosystem

= Difficult to stay motivated and makes you re-

= Many wheels re-invented but not shared )
invent the wheel
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tran community, FortranCon 2020

Fortran also has a PR problem

Most of society still only knows of FORTRAN
Mainframes, punchcards, and UPPERCASE

mages deeply engraved into the cultural DNA
-ortran is not the village idiot of programming
anguages, yet, it is being treated as such

= This is bad. We need to change it.
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)
» EWVZTIRLT - fpm

» BRBEA%K ST - stdlib, json-fortran, vtkfortran
» N 5T - VSCode, fypp
» KW ZIRK ST - fprettify
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ZORETHWD T/ L
» GitHublZ 7y 7a—FLTHY FT
https://github.com/degawa/hpfpc_fortran_oss

> git clone --recursive https://github.com/degawa/hpfpc_

fortran_oss

» #BANT B0SSHE A H

stdlib, JSON-Fortran, VTKFortran
stdlib, JSON-Fortran, VTKFortran%* fA&t 7=/
fprettify, fypp
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T EBRE

» Windows 10

» gfortran 10.3

TDM-GCC, https://jmeubank.github.io/tdm-gcc/

» intel fortran 2021.1 + Visual Studio 2017 (MSVC)

» Python 3.8.5 (Anaconda Individual Ed.)
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fpm - Fortran Package Manager

» FortranM /S —I 22— vyEEILRY AT A
» B¥/N—33 >130.5.0

» GitHub

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

Fortran Package Manager
| N x ~ I\ Package manager and build system for Fortran
} J- / /elcome to the documentation for the Fortran Package Manager (fom).
ortran Package This documentation is divided into four parts. Select one of the topics below to continue.
anager
Note
https://fpm.fortran-lang.or

BARZEBLLFE L
IRATAIICLE2Aa—FEBWLE LS
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fpm - Fortran Package Manager

» FomD X R EBHE

TAT I L TA4T ) OHEE

7075 LDRERIT TR

T TIR T EDERT

7aY 7 MEEDOHE ¥ B O R
fsfpm 7' O Y = 7 b DRFER D EER
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fom®DA A b—)b

» GitHubD 5/ + ) 29 >o— KL, BYURIBAAICERE
https://github.com/fortran-lang/fpm

» Conda

> conda config --add channels conda-forge

> conda create -n fpm fpm
> conda activate fpm

» MSYS2
> pacman -S mingw-w64-x86_64-fpm
» Homebrew

> brew tap awvwgk/fpm
> brew install fpm
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ALY N-7avz”7 bOER
» T T O 7 b DFERX

> fpm new 7823z 7 4 FAL oY

y 7837 bniEE st
— app
app XA IL—F L— main.f9e
— src
src Y a—ILEf L sample.f90
— test
test HMAKT X b L— check.f90
e . — fpm.toml
example E1T6| - 7% — README . md

7037 bDERATA R
https://github.com/fortran-lang/fpm/blob/main/PACKAGING.md
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a2y R-7ayz”7 FOEIN R

» EJILK

> fpm build

* 7’ a >

--profile {debug]|release}
___Flag min

--compiler 2> /X1 54

--compile ifort
A/NAINF T avIliglT
HEAT4 L7 M)HEAL

T4 L7 MY KEE

— .git

— app
L main.f90
— build
— dependencies
— gfortran_2A42023B310FA28D
— app
L sample.exe
— sample

|—app_main.f9@.o

—— test
L— check.exe
— ifort 7006C9B3231C200F

— app
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AR F-7uvxz”7 FOFELT T AL

y EAT A
*7ar *7ar

--profile {debug|release} --profile {debug]|release}
—-flag "" —-flag ""
--compiler I>/1 5% --compiler 2> /XA T4
- RIT77AMCEST A TV a > - BF7FANCETA TV
--target 77 ) 7—> a4 --target 77— a4
etc. etc.

E1T, TRAMBHEILFERLA TV a hiBETES
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2 R -—=F NDALAUA NI

» 41 A M=l

> fpm install
*7ar
builddd#+ 7> a >

--profile,--flag,--compiler

--no-rebuild
--prefix
--bindir
--libdir

--includedir

21/168 IR SRR T — 9 BBAT -

EIT774ILOBRY B LICELEFA

> fpm install --prefix build

— .git

— app
L main.f90
— build
— bin
L sample.exe
— dependencies
— gfortran_2A42023B310FA28D

— app

BIEHET— Y2y T

| L— sample.exe
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Juy V7 hORE
» fpm.tomlIZERE = s03h
» fpm.tomlid<w=7 z X b LITN TV 3

v=7 xR FDFELWERIE
https://fpm.fortran-lang.org/ja/spec/manifest.html

Vv—7 XA PMNDIAEH

7oy MEE, EILF, BEGFL (library, executable,
test), WKEFHER, 1 XA F—I
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V7 POFEE -7z M

» name
7JavzJ b (Rusr—3) OZRERET 5
SATSNREITTI7AILDLAE L THEDLINS
7Oyl bHFAT BIHFEICHLERINSG
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70y FORERE - [build]
» EILE, YV IDRE

auto-executables, auto-examples, auto-tests

app, example, test74 L7 b ZBETHELTELFT S/ LRV ERE
external-modules R
a—ILT77A) SF .
used €2 L7 7 AV etaR » fpmlE, mod7 74 IL, 24T 5") D5
external-modules = "stdlib_error" FrxBETHERLGW
external-modules = ["netcdf", "h51t"] >~ AXAFINET 7T 7 DEE IR
> fpm build --flag "-Iinc"
link --link-flag "-Llibrary -lstdlib"

) > 0335475 ) 28%E JSZHEo> TWBIBFA, OV RF AL
. 7 ~') Thinclude,libAIIIFEEL TN S
link = ["blas", "lapack"] /
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7y FOi%E - [dependencies]

» IIET Bfpm7’ By 27 P EIEE
O—AIIIH 5356
7oy z7 b = {path="path/to/fpm/project"}
Git)V RY MY DKRRT 4 2 7HA HLERET 51586
70y xz7 b = {git="https://github.com/...", branch="..."}

json-fortran = {git="https://github.com/jacobwilliams/json-fortran"}

stdlib = {git="https://github.com/fortran-lang/stdlib",
branch="stdlib-fpm"}
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7Ry 7 FORE - [install]
» A A= LT B9 =4y FERE
EIT77AILEAL R =L
fHLEHN W
library = false
2475 eA YA F—IL

library = true
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fpm~\ DO HHf
» fpmZz FAT 52 £ T

7Ja3 7 POBEITNFTF L TLEW
INERIKTFHE DB RICIN F e < TH W
EIL K,

EE%?%?, _5;‘;( b.’ /r >~ X F-'_'}l/jgfﬁgf Ef)
» IIRDTE

AINA I ATV arrEY=—T R MIZATEAH W

AL ILA T a>nEENITE

BEDT A L7 M) AU EED LHIHPNRKITL @ HELFY—Lpon
oy \ FYRIIIEFE
BHDODTZAREEILRLTLL N WE
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fpm~ O Wiff
4 *ﬁ%‘j-i: #/LT \/\% | \//{)/r }l/j' 70\‘/ 3 \/O)—gaiﬂ;\ﬁ‘;i

V=7 XA MNEIH
[profiles.debug.gfortran.linux]
flags="-g -Wall"

c_flags="-01 -g"
link_time_flags="-xlinkopt"
files={"filename.f90"="-g -fcheck=all"}

N f— 8|2 ~ o — L
ol G AT B SN
[profiles.gfortran.linux]

flags="-Wall"

[profiles.debug.gfortran.linux]
flags="-g -01"

[profiles.debug.ifort.linux]
flags="-g -traceback"
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=% ) JE

El zlinn @‘rﬁ %I%

y AN
https://fpm.fortran-lang.org/ja/index.html

» Qiita (Haskell(prototype)hR ¥ FortranfRMEWIIEER)

fpm (Fortran Package Manager)DfE\W74
https://qiita.com/implicit none/items/6a65aclb83efefc782db

LY —

fpm (Fortran Package Manager)MD:iRE 7 7 1 L DE#ER
https://qiita.com/implicit none/items/99c5d12f5c18733c66fd
fpm (Fortran Package Manager)® 70 = 7 bk DERKMH)
https://qiita.com/implicit none/items/08a2d2618288dda7b4f5

fpm (Fortran Package Manager) X VSCode®i#{%

https://qgiita.com/implicit none/items/ad21478203c853852f1le
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Mz RS J
» stdlib
EEXLORESA T 2RBET S
» JSON-Fortran
JSONFERA D 7 7 1 L ZERY & )

» VTKFortran
VIK7 74 ILZEY KD
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stdlib - Fortran Standard Library

» FortranMiEX(S5 4 75 1) 212487 3
y MEH/N—3 3 >130.2.0

» GitHub

https://github.com/fortran-lang/stdlib
» RFa X2 b

https://stdlib.fortran-lang.org/index.html
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stdlib - Fortran Standard Library

» Fortranfitl S THREINLEZES A T ) IIFELL W
» AI2a=FT4HNFTEL, 2LOMARBIEEINE, ZEEZL0
ZESATT) FRIHET S
stdlibB F IS EFHOBREAL*EA TS
"ZLDAVERLEEM,) ZHAET S TENOBHPZEERT 5
BA - BT ORARICESHEREHEITSICIITELR W
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stdlib®DFERE

» BESA > 7y 7 ADEAE » random ELETAE BX,

» ascii ASCIIXF &R > IR

» bitsets EFEHOEY FEEERD » sorting Y — b

» error 55— » specialfunctions  #FEREAE

» INY T a » stats T LR

» IO I/0DFMEMERE » stats _distribution *

» kinds EHkind: BE B2 (uniform, : )
» linalg 4 74X B » string type XZFI =R ) IKER

» logger oxs » strings FortrantZZE o X F | #R1E

»  math AL » stringlist type string type® ') X k
» optval optional3| & o FI{E k& » BT A

s = = 2 s HAE ) 2
» quadrature ZFIEFED BT, EEYZE
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£ A M=)V

» GitHub? 5 vV — X % BR{1§

> git clone https://github.com/fortran-lang/stdlib

» EJILFR

CMake: PENd(ELCEGI 10 kN Ko

make: BEIERCESEIEICGEEENIERIEN

fpm: > git checkout stdlib-fpm & fpm build --profile release
» 41 X =L

GUEYCGH > cmake --install build --prefix installdir

fpm: > fpm install --profile release --prefix installdir
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stdlib® {5k 5]

» stdlibxFIA L, B8R X1T->7=70 7 5 L %K

» GitHub
https://github.com/degawa/ex stdlib

> git clone https://github.com/degawa/ex stdlib
> cd ex_stdlib

> fpm build
> fpm run
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stdlib® {5k 5]

» stdlibD#EE % 3tEFAIC 4R
~3 (Utilities/Algorithms/Mathematics) ¥ IIBIER o 5 048
1. System (FortranilflAHIAF M TWTIT L WHERE

error, kinds, logger, IO, system
2. Type (FHIAR, 2 —HEHRBICEMRT S H4EE

ascii, strings, bitsets, string type, stringlist type
3. Function (Z M)

optval, math, linalg, specialfunctions, quadrature, random,

stats, stats distribution uniform, sorting

37/168 WERA T — T - BEtE Y — 7Y a v T 2022-03-31



stdlib® {5k 5]

) BIHEBEDNFERB 2L UE T F4c % #75
y PoOAANT B2 Y TEITT BHEEERIR

program main
use :: ex_stdlib_system
use :: ex_stdlib_type
use :: ex_stdlib_function
implicit none

I call ex_stdlib_error_check()
I call ex _stdlib_error_error_stop()
I call ex _stdlib_kinds()

end program main
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stdlib error

) TS —NEBOLHDFREESR
check
RUFADHBREHANS
error_stop

TO5 LEELT B
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stdlib_error® & Fi 5

» check

I 3|#condition?" .false. M ¥ ¥, "Check failed."*HAL, RTI—KF1T7TOTSL%KRTT 5.
call check(condition=.false.)

I Check failed.

I ERROR STOP 1

| “a==0"7%"" .false. " DY EF, 5| ¥msglTELAZXFIEHEAL, RT2—-F1TTOT5L58TT 5.
call check(a == @, msg="error: actual value of a is not equal to expected value 0")

I error: actual value of a is not equal to expected value ©

I ERROR STOP 1

| “a==0"7%" .false. DL F, 5| #MmsglTELAXFIN2HEAL, BT 2A—R77TT 0T 5L%58RT T 5.
call check(a == @, "error: actual value of a is not equal to expected value 0", code=77)
I error: actual value of a is not equal to expected value ©

I ERROR STOP 77

I “a==0"%"" .false. DY F, 5|¥msgllELEXFIEHAHT 5.

I 3% warnll” .true. BT X, 707 T LIFKRT LA\,

call check(a == 0, "warning: actual value of a is not equal to expected value 0", warn=.true.)
I warning: actual value of a is not equal to expected value ©
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stdlib_error® & Fi 5

» error_stop

I 5| #msglELAAXFIEHEAL, LR TI-RFTTOI5L%5KTT 5.
call error_stop(msg="Fatal error")

I Fatal error

I ERROR STOP

I SIBUELAXFSITEAL, BT - F999TTa I3 L%KTT 5.
call error_stop("Fatal error", code=999)

I Fatal error

I ERROR: code 999 was specified.

I ERROR STOP
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stdlib kinds

» Fortran® 57— ¥ & (integer, logical, real, complex)

izt LT, &R (kind) 2F I /NS A —F 2 FEHK

y AR /X5 A —Fdiso fortran envTERIN TS,
EENLEZEDENRCFEMENLEH B Y

SPp
dp
xdp

ap
1k

42/168

BREEEHMOKkind (real32)
EREEERDkind (real6d)
MR B E R Dkind
AMEFFE EH D kind

WAL Dkind
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stdlib_kinds TrEFEINTz/NNT A —F¥ DS:H-

real(sp) :: f_sp
real(dp) :: f_dp

logical(lk) ::

1

logical(c_bool) :: 1 c
N |

1 12
1 i4
:: 18

integer(int8) :

integer(int16)
integer(int32)
integer(int64)

print '(3g0)’,
print '(3g0)’,
print '(3g0)’,
print '(3g0)’,
print '(3g0)’,
print '(3g0)’,
print '(3g0)’,
print '(3g0)’,

43/168

"storage
"storage
"storage
"storage
"storage
"storage
"storage
"storage

real(sp) is ", storage_size(f_sp), " bits" I storage
real(dp) is ", storage_size(f_dp), " bits" I storage
logical(lk) is ", storage_size(1l), " bits" I storage
logical(c_bool) is ", storage_size(l_c), " bits"! storage
integer(int8) is ", storage size(il), " bits" I storage
integer(intl6) is ", storage_size(i2), " bits" | storage
integer(int32) is ", storage_size(i4), " bits" | storage
integer(int64) is ", storage _size(i8), " bits" | storage

HWEORART — § BT - BUEtE 7 — 7Y av T

real(sp) is 32 bits
real(dp) is 64 bits
logical(lk) is 32 bits
logical(c_bool) is 8 bits
integer(int8) is 8 bits
integer(intl6) is 16 bits
integer(int32) is 32 bits
integer(int64) is 64 bits
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stdlib_logger

 OXY T (T5-HE, AVE-IZOMOEROET) 1M
I SNBIRER T ER

FENDOUH—%2BEETCE5

MEMNTA— ¥ L {global_loggert'FIATE 3
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stdlib_loggerd i F

| debug 7 OEREA. 1ZERETIIES INL,
call global logger%log debug(message="1log message debug")

I information Z @& @EAH. "IALRF T INFO: Ay tE—I"OFEATEHEA.
call global logger%log information(message="log message information")
I 2021-11-21 23:29:31.200: INFO: log message information

| warning@ 7 n&&EmEH. "IA LRI 2T WARN: Xy tE—I"DRATHA.
call global logger%log warning(message="log message warning")
I 2021-11-21 23:29:31.201: WARN: log message warning

| error@ 7 N&E@mEN. "1 LRAF>T: ERROR: A v EZ—I"ODEATEHA.
call global logger%log error(message="log message error")
I 2021-11-21 23:29:31.201: ERROR: log message error

l OA—2FUVHLTWEEY2—- LB EFRLDHA.

| "4 LRI T EVa—IUE % Fhb: INFO: A v E—I"ORATEA.

call global logger%log information("log message information"”, &
module="ex stdlib system", &
procedure="ex _stdlib_logger")
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stdlib_loggerd i F

| O —NRE. debug 7 2HAT %
call global logger%configure(level=debug level)

| OA—IZ7 74 %8EML, Q7 AYE—V%T77A4ILHAHT 5.
I B@EICIIEDING LSR5,
call global logger%add log file("log message.txt", unit=log file unit, stat=stat)

| O —DHAKREIS, FEHAD EEm.
I SHREE, B 77 AL EBEBEDRAICA Y L=V HAINS
call global logger%add log unit(unit=output_unit)

I OF—ICEFRINTVWEEEN L.
call global logger%log debug("number of log units = "//to_string(global logger%log units _assigned()))
I 2021-11-21 23:29:31.204: DEBUG: number of log units = 2

| OA =7 7A4I)L%38M. BHENOT I 7A4 LI ETT 5L ICRE.
call global logger%add log file("log message.txt", unit=log file unit, &
action="write", position="append", status="o0ld")
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stdlib_loggerd i F

| log io _errorDEEHERNOICHEELLEWV 7 71 IILERHL.

open (newunit=io unit, file="test.txt", status="o0ld", iostat=iostat, iomsg=iomsg)

| joT5—%07AxAvt—Y¥r L TE@IIETR.

call global logger%log io _error("file "//"test.txt"//" open failure", iostat=iostat, iomsg=iomsg)
I 2021-11-21 23:29:31.208: I/0 ERROR: file test.txt open failure

I With iostat =

I With iomsg = "Cannot open file 'test.txt': No such file or directory”

| TFRMANDIS—%20 7 Ay E—V e LTEAICETT 5.

call global logger%log text_error(line="text massage", &
column=7, &
summary="error summary", &
filename="test.txt", &
line_number=0, &
caret=""")

2021-11-21 23:29:31.208
I test.txt:0:7

I text massage

N

Error: error summary
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stdlib_loggerd i F

l FILVWOA—%2FE.
type(logger type) :: new_logger

I new_loggerldH A L NILEkwarninglA EIZ LD T, informationld TR I N7\,
call new_logger%configure(level=warning level)

call global logger%log information("global logger")

call new_logger%log information("user logger")
call global logger%log warning("global logger")
call new_logger%log warning("user logger")

I 2021-11-23 20:00:02.315: INFO: global logger
I 2021-11-23 20:00:02.316: WARN: global logger
I 2021-11-23 20:00:02.317: WARN: user logger

48/168 WERA T — T - BEtE Y — 7Y a v T 2022-03-31



stdlib 10

T77AIANEODFERX*RXET HINEE EH
open - 7 7AIEHE, 2= FE S ERT
savetxt, loadtxt

2RTGEINETHFIAM T 7AILIZETHL, AL
save_npy, load npy
2RTTES Znpyle XD/ + D SEZTHL, mARAD
getline - 2EN 511TF 3 T XFEYIHAAD
EANEERAXFIERK
FMT_INT='(i@)', FMT_{REAL|COMPLEX} {SP|DP|XDP|QP}

49/168 WERA T — T - BEtE Y — 7Y a v T

2022-03-31



stdlib_io® ¢ F 45

» open

integer(int32) :: unit
character(128) :: str

| openX % fEB&1L ¥ % openfH %K.

| EFAA+TFIME— FTHL.

unit = open ("example io.txt", "wt")
close (unit)

| eAERY + 7 F X FE— FTHIL
unit = open ("example io.txt", "rt")

| E3AAzLEHET BT,
I write (unit, '(A)') "append to example io.txt"
close (unit)

I B3 — FTHL

unit = open ("example io.txt", "a")
close (unit)
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stdlib_io® ¢ F 45

» savetxt, loadtxt

stdlib_math

use <°:

real(real32)

I stdlib _mathT
array(:, 1) = linspace(@.,

:: array(16, 2)

2.*acos(-1.), 16)

array(:, 2) = sin(array(:, 1))
call savetxt("sin.txt", array)
| 2R tES % 7TF R FE— RTHEAT bsavetxtFHt.

array =

51/168

j

1
0 .00000000E+00
4.18879032E-01
8.37758064E-01

5.44542742E+00
5.86430645E+00
6.28318548E+00
call loadtxt("sin.txt", array)

2 i
.00000000E+00 1
.06736642E-01 2
.43144870E-01 3

.43144751E-01
.06736493E-01
.74845553E-07

HERRART — & BRAT -

FEHTIMN TV Slinspace2F AL Tx = [0, 2n] %X EL, sin(x) 2 tE

BESAHET—7>Yay T

2022
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stdlib_system
» OSOMEBEZ T U EH T
stdlibAKIZ I\ Y, stdlib-fpm7 5 > FITEFNT W3

» sleep
IYRMEBEMTTO S LNERITEHLET S

call system clock(count _start c, count per sec)

| IYHBMTTOT S LDETE BT
call sleep(millisec=100)

call system clock(count_end c, count_per_ sec)

print '(3g0@)', "sleep ", real(count_end c - count_start c)/real(count_per_sec), "sec"
I sleep 0.108999997sec
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stdlib ascii

) XNFDEBRXRERZRIFR T ER

E 2K
ASCIIOD R HIMHX ZF, fullhex digit, hex _digits, lowerhex_ digits, digits,
octal digits, letters, uppercase, lowercase, whitespace

Fie (—XFHA)
is _alpha, is_alphanum, is digit, is hex digit, is octal digit,
is _control, is white, is blank, is ascii, is punctuation, is graphical,
is printable, is lower, is_upper

FHt (XF3RA)
to lower, to upper, to_title, to_sentence, reverse

CILFNA MXFEHR— b T 500552 LIEISL L
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stdlib_asciiTEFREIN TWAASCIIXF

character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),
character(len=1),

54/168

public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,
public,

parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::

parameter
parameter
parameter
parameter
parameter
parameter
parameter

parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::
parameter ::

achar(int(z'e0"))
achar(int(z'e1"))
achar(int(z'e2"))
achar(int(z'e3"))
achar(int(z'e4"))
achar(int(z'e5"))
achar(int(z'e6"))
achar(int(z'07"))
achar(int(z'e8"))
achar(int(z'09"))
achar(int(z'eA"))
achar(int(z'eB"))
achar(int(z'eCc"))
achar(int(z'eD"))
achar(int(z'eE"))
achar(int(z'0F"))
achar(int(z'10"))
achar(int(z'11"))
achar(int(z'12"))
achar(int(z'13"))
achar(int(z'14"))
achar(int(z'15"))
achar(int(z'16"))
achar(int(z'17"))
achar(int(z'18"))
achar(int(z'19"))
achar(int(z'1A"))
achar(int(z'1B"))
achar(int(z'1C"))
achar(int(z'1D"))
achar(int(z'1E"))
achar(int(z'1F"))
achar(int(z'7F"))

HWEORART — § BT - BUEtE 7 — 7Y av T

Null

Start of heading
Start of text

End of text

End of transmission
Enquiry

I Acknowledge

Bell

Backspace

Horizontal tab

NL line feed, new line

I Vertical tab

NP form feed, new page
Carriage return

Shift out

Shift in

Data link escape
Device control 1
Device control 2
Device control 3
Device control 4
Negative acknowledge
Synchronous idle

End of transmission block
Cancel

End of medium
Substitute

Escape

File separator

! Group separator

Record separator
Unit separator
Delete
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stdlib_strings

iy

» XF3%|(character(len=:)) %% D F%

to string

T ER

strip, chomp, starts with, ends with, slice, find,
replace all, padl, padr, count

VILFNA FXFEHR— T 5057 LIEILA L
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stdlib_strings® i F

| BEREXFILEHTRT S,
print *, to_string(huge(0)) ! 2147483647
print *, to_string(-huge(0))! -2147483647

I EXMF T TEHREXFICERT 5

| AHTOE Y L TXFFIEH]RT 5,

print *, "|"//to_string(1, '(14)') ! |
'4m1tmﬁmLTi%ﬂ EWT 5.

print *, "|"//to_string(1, '(I4.4)')! |eoe1

| 2O L TIXFICERT 5. MIEHPREY QRWIHER*CE TR oN5S.
print *, to_string(100, '(I2)") Iox*
block
integer(int32) :: i = 16
!zmmmﬁitbfi%ﬂ SR,
print *, to_string(i, '(I2)") I 16
| SHTD2#E ¥ L TXUEFIEH,
print *, to_string(i, '(B8.8)') ! 00010000
| 2MTD16ER ¥ L TXUFF I EH#E,
print *, to_string(i, '(Z2)") I 10
end block
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stdlib_strings® i F

| EREXFINEBRT 5.
print *, to_string(huge(©.)) ! ©0.340282347E+39
print *, to_string(-huge(0.))! -0.340282347E+39

print *, to_string(1.) | 1.00000000

| EXM T TEREXNFIICEHRT 5.
| 2R T8XF, FEIERUTE3MTE L TXXFINIIKBRT 5.
print '(A,F8.3)', to_string(l0e., '(F8.3)"), 100. | 100.000 100.000

| FEEREE TXFINERT 5.
print '(A,E10.2e2)', to _string(l1000., '(E10.2e2)'), 1000.! 0.10E+04 0.10E+04

| BFREZTXFINIEELT 5.
print '(A,ES10.2)', to_string(1000., '(ES10.2)'), 1000. | 1.00E+03 1.00E+03

complex(real6éd4) :: c = cmplx(0.75, 0.25)
| WEBEXFINIE]LT 5.

| EAM I THEEREXFIIEERT 5.
print *, to_string(c, '(F6.2)"') ! ( ©.75, 0.25)
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stdlib_string type
» FERIDXFDORHNY =XFIN 2R HIKER T ER
» FortranO X FAINT 2AMFREBBREDOH 5 F b Ht

TESR

type(string_type) :: str

I O +5 79 F AL -mE1L.
str = string_type("string")

I TRERTIOE L UlenBEA F] A o] gE.
print *, str, len(str) ! string

| XFF) F5ILIZE DV THEAL.

str = "string type"

print *, str, len(str) ! string type
| B FSILICE SV TR,

str = string type(-huge(0))

print *, str | -2147483647
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stdlib_string type®{s H] {4

type(string type) :: strl, str2
strl = "string"

I string_typefd AN
str2 = stril
print *, str2! string

| —>MNstring typed tLER.
print *, strl == str2, strl /= str2, strl >= str2, strl <=str2 I TF T T

| —DO®Dstring typeNiELE,
print *, strl//str2! stringstring

str2 = ""

| string typefll T7 — 7 % #%#).

call move(from=strl, to=str2)

print *, str2, len(str2), len(strl) ! string
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stdlib_stringlist_type

» string type® ') A b 2RI =D Hstringlist type* EH
» stringlist typeDE&XZ2RH HNH
stringlist index typet &

type(stringlist type) :: strlist

| >R +5 79 %F AL zstringlistD#HA1L.
Z &K (string_type) OKRIHNER 3.
strlist = stringlist type([string type("one"), string type("two"), string type("three")])

BENEBEICIE, Fidx(LBEINLNDEEEZS)D L Ebidx(REN"LNDERXRFS)ORYEXFIAT 5.
print *, strllst/get(fldx(l)), strlists%get(fidx(2)), strlist¥%get(fidx(3))
I one two three
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stdlib_stringlist_type® {5

type(stringlist type) :: strlist
type(string type) :: str
type(stringlist _index_type) :: idx

strlist = stringlist type([string_ type("one"), string type("two"), string type("three")])
I stringlist typedBFREFiE=1enld, VA bOKRY (BEH) %KT.
print *, strlist%len()! 3

| stringlist_type®ZHEZHY H L Tstring_typellfAA.
str = strlist¥%get(fidx(3))

| ZEEERILFidx(1)I2R4 > Tlist _head % | A ol &E.

idx = fidx(1)

| stringlist typeMLEEICE R %3610,

call strlist%insert_at(idx, string type("four"))

print *, strlist¥%get(fidx(1)), strlist’get(fidx(2)), strlist¥get(fidx(3)), strlist¥%get(fidx(4))
I four one two three

I stringlist type%* #HA1L
call strlist¥%clear()
print *, strlist%len()! ©
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stdlib_optval

» optval
ZON5|#x, defaultZBY, xHBHidx%E, LiFtiddefault%*RT
optional3| 2 H >FHEFUE L KIZ, optional3|FAEIMNT
WRWY FIBEEZEDS-OICHA

real(real6d4) :: x = 64.
print *, root(x), root(x, 3)! 8.0000000000000000 3.9999999999999996

| xOnERZHAET 5.

real(real64) function root(x, n)
implicit none
real(real64), intent(in) :: x!! #EEIFEL
integer(int32), intent(in), optional :: n!! #§%

root = x**(1d@/optval(n, 2)) ! nAYEW\ ¥ = (I29YE P11 5S
end function root
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stdlib math
» ZEHHOEFEAR* ER

clip, gcd, linspace, logspace, arange
arg, argd, argpi, 1is close, all close, diff

Y5REAEUL stdlib specialfunctions TEH

I 3B —oDIFEIFRImL L TR, 18R %1, FfRZz1 L THRY.
print *, arange(3.0) ! = arange(1.0,3.0,1.0)
I 1.00000000 2 .00000000 3.00000000

| SER YR AZIRE. MRe1r L TRY.

print *, arange(0.0, 2.0) ! = arange(0.0, 2.0, 1.0)
| ©.00000000 1.00000000 2 .00000000

I 85, BRe, FRzHEE.
print *, arange(9.0, 0.2, 0.2)
| ©.00000000 0.200000003
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stdlib_math® {5 F ]

print *, linspace(start=0., end=1., n=6)
| ©.00000000 0.200000003 0.400000006 0.600000024 0.800000012 1.00000000

print *, linspace(@do, 1do, 6)
| 0.0000000000000000 0.20000000000000001 ©0.40000000000000002 0O.60000000000000009 0 .80000000000000004
1.0000000000000000

| BB THEZIEET 5L, RYEIIBHREERK

print *, linspace(9, 1, 6)

| 0.0000000000000000 0.20000000000000001 0.40000000000000002 0.60000000000000009 0O .80000000000000004
1.0000000000000000

| basefEHEEEREH LD TRBEEHTRY.

print *, logspace(-3, 1, n=5, base=10d0)

| 1.0000000000000000E-003 1.0000000000000000E -

002 0.10000000000000001 1.0000000000000000 10.000000000000000

I start, end?"ERERH O TEBERETRY.
print *, logspace(-3., 1., n=5, base=10)
| 1.00000005E-03 9.99999978E-03 0.100000001 1.00000000 10.0000000
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stdlib_linalg
» IBIEAREUCERT 5T ER

diag, eye, trace, outer product (E#&)
is _square, 1s diagonal, is symmetric, is skew symmetric,
is Hermitian, is triangular, is hessenberg

real(real6d4) :: v(2), A(2, 2)

I X7 ML (LRTHEES)) #ANAC LT, TOEEFAKRDICH DT %R .
I [1, 112 AMKRD E LTITH %2 1E 5.

v = [1, 1]

A = diag(v)
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stdlib_linalg® {s F 4]

real(real32) :: u(3), A(4, 4)
u=1

| A EIEICTS L, [1, 1, 112K ICE21TF 2R,

I 31T3% D EALITH TR Y.
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stdlib_linalg® {s F 4]

real(real6d4) :: A(3, 3)

A = reshape([1, 2, 3, 4, 5, 6, 7, 8, 9], [3, 3])
!

!

!

!

!

i¥j 1 2 3

real(real32), allocatable :: A(:, :), u(:), v(:)
u=[real :: 1, 2, 3]

= [real :: 4, 5, 6]
| BfRUXVATZETET 5.

8 10 12
3| 12 15 18
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stdlib_specialfunctions

» BRI T B &
IR TldLegendreZ BN L IEEHAHNAEEINT VS

real(real64) :: x = 1d-1

I P O(x) =1
print *, legendre(@, x), 1d0 ! 1.0000000000000000 1.0000000000000000

I P 1(x) = x
print *, legendre(1l, x), x ! 0.10000000000000001 0.10000000000000001

| P_2(x) = (3do*x**2 - 1de)/2de

print *, legendre(2, x), (3do*x**2 - 1d@)/2d0 ! -0.48499999999999999 -0.48499999999999999

I P_3(x) = (5do*x**3 - 3do*x)/2de
print *, legendre(3, x), (5d0*x**3 - 3d@*x)/2d@! -0.14749999999999999 -0.14750000000000002

I P_10(x) = (46189d0*x**10 - 109395d0*x**8 + 90090dO*x**6 - 30030dO*x**4 + 3465d0*x**2 - 63d0)/256d0
print *, legendre(10, x), (46189d0*x**10 - 109395d0*x**8 + 90090dO*x**6 - 30030dO*x**4 + 3465dO*x**2 -
63d0)/256d0 ! -0.12212499738710939 -0.12212499738710936
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stdlib_quadrature
» BIERRD 25t R 5 F e ER

&#8], > 7YV > BI, Gauss-Legendresk#&’%, Gauss-Legendre-
LobattoRKFEENEREINT WS

real(real32) :: x(6), f(6), w(6)
x = linspace(-1., 1., 6) ! x = [-1.0 -0.6 -0.2 0.2 0.6 1.0 ]
f = 5.*x**4 I £ = [5.0 0.648 8E-03 8E-03 0.648 5.0 ]

| SRAITHABErzED T 5.
print *, trapz(f, x) ! 2.52479982

| 52 oNFxBERREICH LT, EAFREERT.
w = trapz_weights(x)

| EARBwCEABEFfEAVTE? T 5.
print *, sum(f*w) ! 2.52480006
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stdlib_quadrature® fii Fi

| YTV VRITHBUEFE RS T 5.
| AR R EZIEET 5.

I 2.05973339

print *, simps(f, x)

| B SNxBEREICH LT, EHEBEZRT.
w = simps _weights(x)

| EAFRBwCEABEFERVWTES T 5.
print *, sum(f*w) ! 2.065973339

| Gauss-LegendreRFf&EN/ — Nt EAH%ET 5.

call gauss_legendre(x, w)

| /J—RYEHEFE->T, xH[-1, 1]DEHT5x4%FEDT 5.
print *, sum(5.*x**4*w) | 1.9999999999999987

| Gauss-Legendre-LobattoRfEEN/ — N &L ZHET 5.
call gauss _legendre_lobatto(x, w)

| J—RYEHEFE->T, xH[-1, 1]DOEHAT5x4%FEDT 5.
print *, sum(5.*x**4*w) | 1.9999999999999993
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stdlib random

» BMLELEXE R s & E &
FortrantZ# M random_seed ¢ [& U & 5.
random_seed MUELEIDNIEXRTE - BRIF9 % EELESHALL LS LYE, (25 T2

FRIAFEVWE WS BEEAL, B LLHERA.

dist_rand BHEOLRRGLEN TERMUEILBIEZIREF T %
ILEERK 7L T ) T LlExoshiro256**

integer(int32) :: seed put, seed get
| ELBDIEZRE - BRIFT 5.

seed put = 135792468

call random_seed(seed put, seed get)

I ANAINEEBEOKIndIZEDWT, TOEROHBE TEMILE EKT 5.

I 1/3A FEBOER [-207, 277 -1]ATEEKEZEKRT 5.
print *, dist rand(@_int8) ! -90

I 2/ NEEOER [-2715, 2715 -1]ATEE T EKT 5.
print *, dist rand(@_intl6)! -32725

I 4/8A NEEROER [-2231, 2731 -1]ATEEETEKT 5.
print *, dist rand(@_int32) ! -1601563881
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stdlib stats

y A NIBOF4rr T
mean E)EXEET S
median PRE*THET %

var NEqvariance ¥ :tE ¥ %
cov # 8 covariance%:tE ¢ 3

corr  PearsonDEE&E (correlation) zstET 5
moment T— XA F%2FET 3

72/168 WERA T — T - BEtE Y — 7Y a v T 2022-03-31



stdlib stats distribution uniform

» — XA HICEAT SFREER
shuffle B &L VA S
rvs_uniform —#kDoHmZTET %
pdf uniform HMHERZEERANZAET S
cdf_uniform ZEBE2H®EARZET S
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stdlib_sorting

» LRGBS DI U 72 NIE = B &

sort, ord sort, sort _index

integer(int32), allocatable :: array(:), work(:)
array = [5, 4, 3, 1, 10, 4, 9]

L A >bBY—-b2RALTHEVELS.
call sort(array)
print *, array ! 1 3 445 9 10

array = [5, 4, 3, 1, 10, 4, 9]
allocate (work, mold=array)

I RustOV — b 7L TV XLZFALTLEHEVEZ S.
call ord sort(array, work)
print *, array ! 1 3 4 45 9 10
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stdlib_sorting® {5 i ]

integer(int32), allocatable :: array(:)
integer(int_size), allocatable :: index(:)

array = [5, 4, 3, 1, 10, 4, 9]
allocate (index(1l:size(array)))

I ord sort*FIA L THEUVBILNDA>T VI A%RT,
call sort_index(array, index)

1134459 10

14326175

print *, array

print *, index

| indexZ AWTEUEZ 5.
array = [5, 4, 3, 1, 10, 4, 9]
array = array(index)
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stdlib® T Y 2 —)b

» stdlibd EL FICIZERFRIA D5
» H—ieE (B A ILto_string) HZIFR{EVAEVDIZ, £2T%
EILRFT 5DIEFMH
» stdlibDMREZ /DR IFIT L) RY MY 4ERK
https://github.com/degawa/stdlib modules
T2 - ILETIUFITDITTER
T750F%BELTYRY MY %2clone

[dependencies]
stdlib_strings = {git = "https://github.com/degawa/stdlib_modules",
branch="stdlib strings-fpm"}
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JSON-Fortran

» FortranTJISON7 7 A4 ILEZR I T-HDAPI . IB1E T %
y /N — 3 >138.2.5

» GitHub

https://github.com/jacobwilliams/json-fortran
» RFa X2 b

https://github.com/jacobwilliams/json-fortran/wiki
API R¥ 2 A > MIEFORDZ FAWVT O — A ILIZHER
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JSON-Fortran
» JSON - JavaScript Object Notation
JavaScriptilB T34 7Y 27 ho@bEnNH Ty b
BERTIFAM—IADT—IXPEAR T+ —~7 v b
»y JBBED T 7 A ILFERARnamelist ¥ LERX T T DF 50 H %

(JSON-Fortran®BARENHEER)

FIAIMNTW5S

ipi: 0l
Tz 5

/\Fﬂlﬂb\nlb&)T ) /%ﬁ
N DTaTdS5 I ITEEICAPINH S
" 2022-03-31

HERAAT — BT - BUEStE 7 — 7Y a v T
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JSON-Fortran®A{ > A h—)L
» GitHub? 5 vV — R 2 B4&

> git clone https://github.com/jacobwilliams/json-fortran

» EJLR
mBEOEIN KRR ') 7k, Visual Studio, CMake, fpmA M EIL K
RE T B

» A2 XAb—=IL
make install, cmake --install build, fpm installT-A > X
N — L E]gE
homebrew%2 F|F L7/=1 > X h—ILE T[HE
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JSON-Fortran®{d Fi {5

» JSON-Fortranz 2B L, EEER%*1T-7-797 5 L 21K

» GitHub
https://github.com/degawa/ex_jsonfortran

> git clone https://github.com/degawa/ex_ jsonfortran
> cd ex_jsonfortran

> fpm build
> fpm run
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JSON-Fortran® i Fi il
y MDY T IL—F > EERK

1. JEEICEE A json T 7 AL DEFEAIA K

read samplel json_and get value

2. BUE, BRI ENI=jsonT 7 A ILDFEAIA KL

read sample2 json_and get numerical values

3. XF¥%jsont L THERL, {E2IXYET

create json_from string
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fSiL7json 7 7 4 IV DA IAF

» JISONDE K
7V bDF—r{EEI0>THICT 5.
F—IXFY, ELEE, XF5, ®EE, 77 b
2RE{}TLLK 3%
> b DFEIRILEFFE I N TR
» I T AL

samplel. json
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JSON-Fortran DAL D i

type(json _file) :: json

| json fileZz #HAILT 5.
call json¥%initialize()

| samplel.json% FtAiA &,
call json%load(filename="samplel.json")

block
character(:), allocatable :: value

| 7327 bDF—%EFL TEZEREL, valuellffANT 5.

call json¥%get("key", value)
print *, value ! value
end block

| json_file% A3
call json%destroy()
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getFfeD A7 3 v

type(json _file) :: json
call json¥%initialize()
call json%load(filename="samplel.json")

block
logical :: found
character(:), allocatable :: value

I 36D+ 7> 3 >found, defaultDIgzE.
I ¥ — "key"#'HEE L TV UL FoundlS . true. RN I 5.,
call json%get("key", value, found=found, default="N/A")

if (found) then
print *, "key is found and value is ", value ! key is found and value is value

end if
I defaultAEEINTWNIE, F—2"BHEL TR WIBESICE default TEEEINAEICEEINS.

call json%get("Key", value, found=found, default="N/A")
if (.not. found) then
print *, "Key is not found, value is set to
end if
end block
call json%destroy()

", value ! Key is not found, value is set to N/A
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B, BB HFLNTZjsonT 7 A IV DHEH AP

y > I 7 74 IL

sample2.json

"value": {
"integer": 1,
"real": {
"standard notation": 1.0,
"exponential notation": le-4
}s
"string": "str",
"logical": "true"
})
"array": {
"integer": [10, 9, 8, 7],
"real": [6.0, 5.0, 4.0],
"string": ["3", "2", "1", "-1"]
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S LIEND,

» B, X

integer(int32)

| BEEZFZAAL.

| 7927 bEANFICLAEBEE, ¥F—0&R1% . TEFET 5.
call json%get("value.integer", i)

print *, "value.integer", i! value.integer

character(:), allocatable ::

| XFY| % AAH.

| ZE DB Lcharacter(:), allocatable¥ L, FHigetW TEFEYIZE|Y FIF 5N 5.
call json%get("value.string", s)

print *, "value.string ", s ! value.string str

logical ::

| SMIBE AR,
call json%get("value.logical", 1)
print *, "value.logical", 1 ! value.logical T
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KB DA AP

AE DL

real(real64)

| REEEZHARAH.

I BRI TERE YL L TRY b5,

I ¥F—DLZREXFI DT, ZAH»H-> THRER .

call json%get("value.real.standard notation", f)

print *, "value.real.standard notation", f ! value.real.standard notation 1.0000000000000000

EELE T

real(real64)

| FERERENDERIEETH AL, BERCERFT H5LEE R,

| FEBDELSdecAVS
call json¥%get("value.real.exponential notation", f)
print *, "value.real.exponential notation", f ! value.real.exponential notation 1.0000000000000000E -004
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B, BB HFLNTZjsonT 7 A IV DHEH AP

y > I 7 74 IL

sample2.json

"value": {
"integer": 1,
"real": {
"standard notation": 1.0,
"exponential notation": le-4
}s
"string": "str",
"logical": "true"
})
"array": {
"integer": [10, 9, 8, 7],
"real": [6.0, 5.0, 4.0],
"string": ["3", "2", "1", "-1"]
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BUEDBLH D Gt AR 3A P

» Be% L2 Tallocatable

» get A TEFHHVICENY 1T - KAITHIS
» BE, ZEBoFHAAL GRIEBELRE L)

integer(int32), allocatable :: i(:)

! B DT % BRI,
BEKIIget N TEBWICEY F1F 5N 5.
call json%get("array.integer", i)
print *, "array.integer", i ! array.integer

real(real64), allocatable :: f(:)

| EHDES = BT,

| BREBdgetRTHENICEI) ST NS,

call json¥%get("array.real", f)

print *, "array.real", f

I array.real 6.0000000000000000 5.0000000000000000 4 .0000000000000000
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RN DBEH D 53e AR IA P

» RENELLZXFI 52 F rHEIIIFATEAR W
» XFIDERIT ZEE

» BRI NDBEH ZgetRA TEFHWITRE

character(16), allocatable :: s(:)

| XFF|DELS.

| XFEIDEF DIFGE, BINBEEZRIIgetH TEAFHWITRE NS, XFIDRIIEFHICIIEZE TER\,
| T8, XFINORIZEEL TS,

call json%get("array.string", s)

print *, "array.string ", s ! array.string 3
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XA zjsonk LTHIRL, Mz Y

» JISON7 7 A ILEERR L% < TH, ISONERXDXFF| % #EIR
» S ERY) 2 by L TR ATRE

type(json_file) :: json
character(:), allocatable :: json_string

character(1l), parameter :: LF = achar(int(z'@A')) !! NL line feed, new line
I jsonDERITHE > TXFI =/ 5.

json_string = "{"//LF

json_string = json_string//'"value":{'//LF
json_string = json_string//'"integer":2,"'//LF
json_string = json_string//'"real”:1le+1,"'//LF
json_string = json_string//'"string":"str","'//LF
json_string = json_string//'"logical":"false"'//LF
json_string = json_string//"}"//LF

json_string = json_string//"}"

call json%initialize()
| XFF|ZjsonER Y L (FEAAL, BBIRL Tjson_filez 5.
call json%deserialize(json_string)
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VTKFortran

» FortranTVTK 7 £ —< v b 2R HI-HDAPI*EH T %
ZHEEESAY, T2 LIESKHEN LT > TWS
» Gi1tHub

https://github.com/szaghi/VTKFortran

» R¥a AL b

https://github.com/szaghi/VTKFortran/wiki
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VTKFortran

» VTIK 7 7 A ILFZN
Visualization Toolkit#“#Bt¥ 2B D 7 7 1 ILFERN
» VTIKFortranid L 7Y —, XMLO@B A DA% HHR— b
L A7y —
Structured Point/Grid, Unstructured Grid, Rectilinear Gird
XML

Rectilinear Grid, Structured Grid, Unstructured Grid

vtkMultiBlockDataSet
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VTKFortran

» GitHub? 5 YV — X % B

> git clone --recursive https://github.com/szaghi/VTKFortran.git

> c¢d VTKFortran
> git submodule update --init --recursive

» EJILK

make: BEIELG

CMakelLists.txtiTFAEIMNTWVWSEA, T4 L 7 FN)ERDOTEIZEHE
LTEST, EILRTELW
fpmil & RXFIS
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VTKFortran
y» JIRY MY & forkl, fpmlIXtis

> git clone https://github.com/degawa/VTKFortran.git -b vtkfortran-fpm

develop7 7 > FH1E L TH 'Y, CMakelists.txtx1EIE
» EILR
ISFMl > fpm build --profile release --flag "-D_R16P"
EL FEFICAREREEER T R —bPOBAEEXT AL 774 7 TCHEE
fpm.tomlIZ A2 /XA LA TV a > xR T BRI L\ (F51F)
fomlE A NANF T2 a2 EKRBEIATZ)DOEILFICTLFA
KEZATIVIKEBERATYa i[5 LTELR
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VTKFortran® {ii Fi {4

» VTIKFortran* 2B L, EMEER2T-~797 5 L %2 1EK

» GitHub
https://github.com/degawa/ex_vtkfortran

> git clone https://github.com/degawa/ex vtkfortran
> cd ex_vtkfortran

> fpm build --profile release --flag "-D_R16P"
> fpm run
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VTKFortran® {ii Fi {4

y MEDH TIL—F > & ERK
1. Structured Grid?®D ./ — FEDOZAAHSEEZE A

write scalar node vts

>. Rectilinear Grid?®./ — RFEDOZAHSEZEA

write scalar _node vtr

3. Rectilinear Grid®./ — R LEOXAHASEZEA

write vector node vtr

4. Rectilinear Gridht I EtDRAHSEEZHAH

write scalar cell vtr

97/168 WERA T — T - BEtE Y — 7Y a v T 2022-03-31



Structured Grid®D J — F ED A B 72H )
» BAINSvts 7 71 L

<?xml version="1.0"?>
<VTKFile type="StructuredGrid" version="1.0" byte order="LittleEndian">
<StructuredGrid WholeExtent="+0 +9 +0 +5 +0 +5">
<Piece Extent="+0 +9 +0 +5 +0 +5">
<Points>
<DataArray type="Float64" NumberOfComponents="3" Name="Points" format="appended" offset="0"/>
</Points>
<PointData>
<DataArray type="Float64" NumberOfComponents="1" Name="float64 scalar" format="appended"
offset="8644"/>
</PointData>
</Piece>
</StructuredGrid>
<AppendedData encoding="raw">
raw data...
</AppendedData>
</VTKFile>
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Structured Grid® /J — F EDOA o 2H

use :: vtk fortran, only:vtk file
implicit none

type(vtk file) :: vts !l VTK file

I xHEnEFEEO TR
I xHEnEesEEE LR
| yA B OEZ|EEO TR
| yAEOE|EEO LR
| zHh D ESEE O TR
| zhmEnEESEEE O LR

integer(int32), parameter :: nx1
integer(int32), parameter :: nx2
integer(int32), parameter :: nyl

integer(int32), parameter :: nzl
integer(int32), parameter :: nz2
integer(int32), parameter :: nn = (nx2 - nx1 + 1)*(ny2 - nyl + 1)*(nz2 - nzl + 1) !! 2&Z&%

.
.
.
.
B
.

(%]
9
(%]
integer(int32), parameter :: ny2 =5
(%]
)
n

real(real64) :: x(nx1l:nx2, nyl:ny2, nzl:nz2) !! xEZiZ{E
real(real6d4) :: y(nxl:nx2, nyl:ny2, nzl:nz2) !! yEZiZ{E
real(real6d4) :: z(nxl:nx2, nyl:ny2, nzl:nz2) !! zEZiZ{E
real(real6d) :: v(nxl:nx2, nyl:ny2, nzl:nz2) !! 24 Z1E

integer(int32) :: stat !! FHROEITHERNIRE
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Structured Grid® /J — F EDOA o 2H

I 774 IL%FE, VIKFile¥ 7 ¥ StructuredGrid?¥ 7 % open.

I <VTKFile type="StructuredGrid" version="1.0" byte order="LittleEndian">

! <StructuredGrid WholeExtent="+0 +9 +0 +5 +0 +5">

stat = vts%initialize(format="raw', &
filename="'xml structured grid raw scalar.vts', &
mesh_topology='StructuredGrid', &
nx1l=nx1l, nx2=nx2, nyl=nyl, ny2=ny2, nzl=nzl, nz2=nz2)

| Piece¥ 7 open.

| <Piece Extent="+0 +9 +0 +5 +0 +5">
stat = vts%xml_writer%write_piece(nxl=nx1, nx2=nx2, nyl=nyl, ny2=ny2, nzl=nzl, nz2=nz2)

| BLEEZEOEAHFEROEET L L.
I BT —F1E </StructuredGrid> ¥ </VTKFile>D I,

| <AppendedData encoding="raw"></AppendedData>h %!} 5 11,

| ZZITETHINS.

I <Points>

! <DataArray type="Float64" NumberOfComponents="3" Name="Points" format="appended" offset="0"/>
I </Points>

stat = vts%xml_writer%write_geo(n=nn, x=x, y=y, z=2)
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Structured Grid® /J — F EDOA o 2H

| BEFInEEEH L.

| ENT — % EAppendedDatallib

I <PointData>

stat = vts%xml writer%write dataarray(location='node', action='open')

I <DataArray type="Float64" NumberOfComponents="1" Name="float64 scalar" format="appended" offset="8644"/>
stat = vts%xml writer%write dataarray(data_name='float64 scalar', x=v, one_component=.true.)

I </PointData>

stat = vts%xml _writer%write_dataarray(location="'node', action='close"')

| Piece? 7 close
I </Piece>
stat = vtskxml writer%write piece()

| VTKFile# 7 ¥ StructuredGrid? 7 close.
l vis7 74 ILEZFHL 5.

! </StructuredGrid>

I </VTKFile>

stat = vts¥%finalize()
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Rectilinear Grid®D J — F ED A 5 72 H )
» BAINSvitr7 71 L

<?xml version="1.0"?>
<VTKFile type="RectilinearGrid" version="1.0" byte order="LittleEndian">
<RectilinearGrid WholeExtent="+1 +10 +1 +6 +1 +6">
<Piece Extent="+1 +10 +1 +6 +1 +6">
<Coordinates>
<DataArray type="Float64" NumberOfComponents="1" Name="X" format="appended" offset="0"/>
<DataArray type="Float64" NumberOfComponents="1" Name="Y" format="appended" offset="84"/>
<DataArray type="Float64" NumberOfComponents="1" Name="Z" format="appended" offset="136"/>
</Coordinates>
<PointData>
<DataArray type="Float64" NumberOfComponents="1" Name="float64 scalar" format="appended" offset="188"/>
</PointData>
</Piece>
</RectilinearGrid>
<AppendedData encoding="raw">
raw data...
</AppendedData>
</VTKFile>
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Rectilinear Grid®D J — F ED A 5 72 H )

use :: vtk fortran, only:vtk file
implicit none

type(vtk file) :: vtr !l VTK file

integer(int32), parameter :: nx1 Il xA OB EEED TR
integer(int32), parameter :: nx2 Il xAEoEes| s LR
integer(int32), parameter :: nyl I yA o ES SR E O TR
integer(int32), parameter :: ny2 I yA o ES SR LR
integer(int32), parameter :: nzl Il zA B0 ES| 6 O TR
integer(int32), parameter :: nz2 1l zHBOESEEE O LR

real(real64) :: x(nx1l:nx2) !! xZEEiZ{E
real(real64) :: y(nyl:ny2) !! yEiZ{E
real(real64) :: z(nzl:nz2) !! zJEiE{E
real(real64) :: v(nxl:nx2, nyl:ny2, nzl:nz2)

integer(int32) :: stat !! FHEOEITHERDIKRE
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Rectilinear Grid®D J — F ED A 5 72 H )

Il 774 )L %K E, VIKFiled 7 ¥ StructuredGrid?¥ 7 % open.
I <VTKFile type="RectilinearGrid" version="1.0" byte order="LittleEndian">
! <RectilinearGrid WholeExtent="+1 +10 +1 +6 +1 +6">
stat = vtr%initialize(format="raw", &
filename="xml rectilinear_grid raw_scalar.vtr", &
mesh_topology="RectilinearGrid"”, &
nx1l=nx1l, nx2=nx2, nyl=nyl, ny2=ny2, nzl=nzl, nz2=nz2)
| Piece¥ 7 open.
| <Piece Extent="+1 +10 +1 +6 +1 +6">
stat = vtr%Zxml _writer%write piece(nxl=nx1, nx2=nx2, nyl=nyl, ny2=ny2, nzl=nzl, nz2=nz2)
BHEEZENOEAERNE =L L.
ERBDT — 13 </StructuredGrid> ¥ </VTKFile>D I,
<AppendedData encoding="raw"></AppendedData>® :%!|+ 5,
ZZILETHINS.

<Coordinates>
<DataArray type="Float64" NumberOfComponents="1" Name="X" format="appended" offset="0"/>

<DataArray type="Float64" NumberOfComponents="1" Name="Y" format="appended" offset="84"/>
! <DataArray type="Float64" NumberOfComponents="1" Name="Z" format="appended" offset="136"/>
I </Coordinates>
stat = vtr%Zxml_writer%write geo(x=x, y=y, z=2z)
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Rectilinear Grid®D J — F ED A 5 72 H )

ESINEZEL.
EMR DT — ¥ |dAppendedDatallib

<PointData>

stat = vtrZxml_writer%write_dataarray(location="node", action="open")

! <DataArray type="Float64" NumberOfComponents="1" Name="float64 scalar" format="appended"
offset="188"/>

stat = vtrZxml_writer%write_dataarray(x=v, data_name="float64 scalar", one_component=.true.)
I </PointData>

stat = vtr%Zxml_writer%write_dataarray(location="node", action="close")

| Piece¥ 7 close

I </Piece>

stat = vtrZxml_writer%write_piece()

| VTKFile¥ 7 ¥ StructuredGrid¥ 7 close.

I vtr7 74 ILEZRAL 5.

! </StructuredGrid>

I </VTKFile>

stat = vtr%finalize()
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Rectilinear Grid®D J — N EDO A Hh o2 H )
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Rectilinear Grid®D /J — K EDOX7 bV ))
» BAINSvitr7 71 L

<?xml version="1.0"?>
<VTKFile type="RectilinearGrid" version="1.0" byte order="LittleEndian">
<RectilinearGrid WholeExtent="+1 +10 +1 +6 +1 +6">
<Piece Extent="+1 +10 +1 +6 +1 +6">
<Coordinates>
<DataArray type="Float64" NumberOfComponents="1" Name="X" format="appended" offset="0"/>
<DataArray type="Float64" NumberOfComponents="1" Name="Y" format="appended" offset="84"/>
<DataArray type="Float64" NumberOfComponents="1" Name="Z" format="appended" offset="136"/>
</Coordinates>
<PointData>
<DataArray type="Float64" NumberOfComponents="3" Name="float64 vector" format="appended" offset="188"/>
</PointData>
</Piece>
</RectilinearGrid>
<AppendedData encoding="raw">
raw data...
</AppendedData>
</VTKFile>
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Rectilinear Grid®D J — F EDOX 7 M2 H )

use :: vtk fortran, only:vtk file
implicit none

type(vtk file) :: vtr !l VTK file

integer(int32), parameter :: nx1 = 1 !! xHBEDEZFEEEH D TR
integer(int32), parameter :: nx2 = 10 !! xAh@ENEZ|EHEN LR
integer(int32), parameter :: nyl = 1 !! yHEDEFEEED TR
integer(int32), parameter :: ny2 I yA BB SO LR

6
integer(int32), parameter :: nzl = 1 !! zHBEDEFEEED TR
6

integer(int32), parameter :: nz2 1l zABEOESEE O LR
real(real6d) :: x(nx1l:nx2) !! xEZiZ{E

real(real64) :: y(nyl:ny2) !! yEEiZE{E

real(real6d) :: z(nzl:nz2) !! zEZiZE

real(real6d4) :: u(nxl:nx2, nyl:ny2, nzl:nz2) !! X7 FILEDXKES
real(real64) :: v(nxl:nx2, nyl:ny2, nzl:nz2) !! X7 FILEDYKRS
real(real6d4) :: w(nxl:nx2, nyl:ny2, nzl:nz2) !! X7 FILEDzKES

integer(int32) :: stat !! FHROEITHERNIRE
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Rectilinear Grid®D J — F EDOX 7 M2 H )

Il 774 )L %K E, VIKFiled 7 ¥ StructuredGrid?¥ 7 % open.

I <VTKFile type="RectilinearGrid" version="1.0" byte order="LittleEndian">

! <RectilinearGrid WholeExtent="+1 +10 +1 +6 +1 +6">

stat = vtr%initialize(format="raw", &
filename="xml rectilinear_grid raw_vector.vtr", &
mesh_topology="RectilinearGrid"”, &
nx1l=nx1l, nx2=nx2, nyl=nyl, ny2=ny2, nzl=nzl, nz2=nz2)

| Piece¥? 7 open.

I <Piece Extent="+1 +10 +1 +6 +1 +6">

stat = vtr%Zxml writer%write piece(nxl=nx1, nx2=nx2, nyl=nyl, ny2=ny2, nzl=nzl, nz2=nz2)

BHEEZEOEARRNE =L L.
EBNDT — 13 </StructuredGrid> ¥ </VTKFile>D I,
<AppendedData encoding="raw"></AppendedData>® z&\+ 5,
Z2ILETEHINS.
<Coordinates>
<DataArray type="Float64" NumberOfComponents="1" Name="X" format="appended" offset="0"/>
<DataArray type="Float64" NumberOfComponents="1" Name="Y" format="appended" offset="84"/>
! <DataArray type="Float64" NumberOfComponents="1" Name="Z" format="appended" offset="136"/>
I </Coordinates>
stat = vtrZxml_writer%write geo(x=x, y=y, z=z)
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Rectilinear Grid®D J — F EDOX 7 M2 H )

FFnEETEHL.
| EFRNT — % EAppendedDatallib
|
I <PointData>
stat = vtr%xml writer%write dataarray(location="node", action="open")
! <DataArray type="Float64" NumberOfComponents="3" Name="float64 vector" format="appended"
offset="188"/>
stat = vtr%xml _writer%write dataarray(x=u, y=v, z=w, data name="float64 vector", is tuples=.false.)
I </PointData>
stat = vtr%xml _writer%write dataarray(location="node", action="close")

| Piece¥ 7 close
I </Piece>
stat = vtrZzxml_writer%write piece()

VTKFile# 7 ¥ StructuredGrid¥ 7 close.
vtr 7 74 ILEEA L 5.
</StructuredGrid>
</VTKFile>
stat = vtr%finalize()
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Rectilinear Grid® J — K EO~X7 MV z=H )
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tHA S H BT M
» JSONFEARTEINLEZET 71 LD LERE & 5t A
HMEAE L Cvtr7Z 74 IILICEAT B

» GitHub
https://github.com/degawa/ex_io

F, EEEEHE]

K

> git clone https://github.com/degawa/ex_io
> cd ex 1o

> fpm build --profile release --flag "-D_R16P"
> fpm run
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"physical conditions": {
"space": {
"X":{

min :

Mmax

}s
y":{

}s

A

}
}s

"discrete conditions": {

"number of grid points":{

"x":21,
llyll :21)
"z":21

114/168

}s
"objects": {
"objects name": [
"rect”,
"sphere”
1,
"rect": {
"center": {

X 5,

zZ .

0.2
llyll: 6.5’
0.5

}s

"length": {
xte
llyll :

z":
}
}s
"sphere":{
"center": {

Xx": 0.75,
"y": 0.5,
mn mn @.5

Z .
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}s

"radius":0.25

}
}s
"logging": {

}

"log level":

"information™
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AN ZWHT

» VSCode
VSCode D i 5k A% BE
J1— RFR=Rwvy
92T DRE
» fypp - python powered Fortran metaprogramming

PythonZ2 #|FA L 7=Fortran® X ¥ 7075 3> 7Y — I

117/168 WERA T — T - BEtE Y — 7Y a v T 2022-03-31



VSCode - Visual Studio Code

» Microsoft?FAFE L TWEY—XR2—RKZT5 4%
Y ITAINAS5A F, I—RKX=XRw I, IntelliSense, ') 7 7
79 >7, T/8v 7, Git/GitHub¥ MiE#

» HhaRAEEE T I L Thk~ 7 #E8E % 3B A0
VSCodeAR{RMDFortrantf R — b I3 EE
VhoRMSEE X BT B2 LTIV I VI RNATA b, = FR=ZRy |,
IntelliSense, ') 777 % ') > J7H % Hel&e
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Modern Fortran

» FortranZ s8R — b 2124t
VYT ANATA K
11— FX=Rwv k
VI RARN—THABEDO FF 24> b EFRT(ctrl+k ctrl+i)
gfortran% A\ 7= O — R DO EAERHT
VrRILTanNgF (ctrl+shift+o)
2, B, Y 7L—FEENDHEE
TNy DiEE
findentd U < [dfprettifyz A\ /2 O — FER
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Modern Fortran

» gfortran% A\ = O — R &R
V=774 %R L1lintA® .mod % 7ERX
BRb574L7 F)Dmod7 7AIILIEERTER W
srcTA LI FYICRDLRLDIELNS
linterModOutput %z XRE T 52 ¥ T, mod7 7 1 IL & —EFFICELR

fpmh 70y 7 bIL— k (=VSCodeD T —TF AR—ZANDIL— k)
IZ.vscodeT 4 LZ b ¥modDEAT 4 L 7 ') 2ERK
.vscodeA|lsettings.json7 7 A IL=4ERX L, XRE % ik

{
}

"fortran.linterModOutput"”: "D:¥¥hpfpc fortran oss¥¥ex stdlib¥¥.mod"
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FORTRAN IntelliSense

» FortranlIXt ¥ 5IntelliSenseti— b = &4
A—HEBZDFHNDA Y T —ANEKR
Doxygen, FORDR Z A /LD KF¥ a2 A > b EFR
Nk
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FORTRAN IntelliSense

» Fortran-Language-Server
FORTRAN IntelliSense® &K
VSCode7= 13 T7%: < Atom, Visual Studio, vim, EmacsT % F| A o[ &E
» GitHub') R )
https://github.com/hansec/fortran-language-server

» 1 A =L

> pip install fortran-language-server
Windows CAnaconda% > T\ 33561, RERIEZ/ES 2 & |
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fh D FortranivjiF YLk HBEHE

» Fortran Break Point
TL—7FRA > MRETIRMET S
» vscode-modern-fortran-formatter
fprettifyZ A\ /- 2 — NER
VSCode T2 — FEEZH AT 51561L, TH2IBBEB ZRE
Editor: Format On/Save

v/ J7INERETBEETANYRLET, 7A-VYIBEHTEINEEBYETA. 771IVOBERFLIT19-205 LRI SN
TWEHA.

Editor: Default Formatter
OIRTOIA-NYIRESVEEBEINS BIEDTA-VYIEEELET, TA-VYIEIRMLTVAILREEEEDFE R FICT 2 HENHY
9,

vscode-modern-fortran-formatter A RDBE NN K 5D T, BRrREERT
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2 —HPZ =Ry k
» N INF—7—F (prefix) 2 FrvF-7/~a— FRIZEH#
r8+TabTTreal(real6d)Hh’ N/ TN %

"type declaration of binary64": {
"prefix": "r8",

"body": "real(real64)",
"description": "type declaration of binary32"

}s

S+ FEFMBTIY, NATREHEFRICH—VILERBE

"allocation inspection": {
"prefix": "allocated?",

"body": "if(.not.allocated($1)) allocate($1(%$0))",
"description": "allocated function"

}s
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body|ZEEITHI— FR & EL

"module template": {
"prefix": "mod",
"body": [
"module $1",
: use, intrinsic :: iso_fortran_env",
implicit none",

private",
$@II,
"end module $1"
1,

"description”: "module routine template”

}s
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¥ 27 DFERE

» fpmTIETEIL R, XK, A > b= ILDOEIZRE LI /N1
A7V a v E

» VSCode ¥ SMERYY — IL D&

fpmd 70T =7 bIL— Fil.vscodeT 14 L 7 ') H/ERK
.vscodeMIltasks.json7 71 IL=1EB L, ERY —ILDOFE L b
a2 >/84)L* 7Y a > Ftasks.jsonllERik
y IR T H{E R
a—bAYMFXF—TEITTES
ARGFDT77ALcBEFTHRIFLTINS
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B K& A7 D&%

» EIWRSY R T DERE
group Ckind: build, isDefault: truellzX=EY % &,
ctrl+shift+bT¥ X I HVEITEIN5S
[

"label”: "fpm build",
"type": "shell",
"options": {
"cwd": "${workspaceFolder}",

}s

"command": "fpm",
"args": ["build","--profile", "release","--flag", "¥"-D_R16P¥""],
"group": {
"kind": "build",
"isDefault": true
}s
}s
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MDA A 27 D& 5%

» TARMYRT
EILFFRTEIFIZREL
args?MN"build" % "test"IIE &
group®DkindxtestiZE &

"command": "fpm",
"args": ["test","--profile", "release","--flag", "¥"-D R16P¥""],
ngroup": {

"kind": "test",
"isDefault": true

» B CEETfpm run, fpm installd &% TE 5%

groupldnone
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fypp

» Python powered Fortran metaprogramming

» FortranBBd X 9770753 7Y — )L

» GitHub
https://github.com/aradi/fypp

» F¥Fa X2k
https://fypp.readthedocs.io/en/stable/

https://qiita.com/implicit none/items/47680973fb98d85d6cbb
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fypp D H &

y FEDTF L — FDIERK

FortranTId, L %E A LR B3Rt L TR CRLIE % &5
CEZBITER 3DI|IH=ERSF LECKEN»D S
M ERTCTS

interface is_positive
procedure :: is_positive_int8
procedure :: is_positive_int1l6
procedure :: is_positive_int32
procedure :: 1is_positive_int64
procedure :: is_positive_real32
procedure :: 1is_positive_real64

end interface

logical function is_positive_int8(val)
integer(int8), intent(in) :: val
is_positive_int8 = .false.
if (val >= @_int8) then
is positive int8 = .true.
end if
end function is_positive_int8

logical function is_positive real64(val)
real(real64), intent(in) :: val
is_positive_real64 = .false.
if (val >= 0.0_real64) then
is positive real64 = .true.
end if
end function 1is_positive_real64

is positive(-1_int8), is positive(-1. real64)
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y FEDTF L — FDIERK

F>7L— bH S5Fortrana — K2 1ERK
Python% 1§ > T\ % AICIS ELERAY il B2

#:for k, t in IR_KINDS TYPES

logical function is_positive_${k}$ (val)
implicit none
${t}$, intent(in) :: val

is positive ${k}$ = .false.
if (val >= 0%${decimal_suffix(t)}$_${k}$) then
is positive ${k}$ = .true.
end if
end function is_positive_${k}$
#:endfor

logical function is_positive_int8(val)
integer(int8), intent(in) :: val
is_positive_int8 = .false.
if (val >= @_int8) then
is_positive_int8 = .true.
end if
end function is_positive_int8

logical function is_positive_inti16(val)
integer(int16), intent(in) :: val
is_positive_intl6 = .false.
if (val >= @_int16) then
is_positive_intl6 = .true.
end if
end function is_positive_intl6

logical function is_positive_int32(val)
integer(int32), intent(in) :: val
is_positive_int32 = .false.
if (val >= @_int32) then
is_positive_int32 = .true.
end if
end function is_positive_int32
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logical function is_positive_int64(val)
integer(int64), intent(in) :: val
is_positive_int64 = .false.
if (val >= @_int64) then
is_positive_int64 = .true.
end if
end function is_positive_int64

logical function is_positive_real32(val)
real(real32), intent(in) :: val
is_positive_real32 = .false.
if (val >= 0.0 _real32) then
is_positive real32 = .true.
end if
end function is_positive_real32

logical function is_positive_real64(val)
real(real64), intent(in) :: val
is_positive_real6d = .false.
if (val >= 0.0 _real64) then
is_positive real64 = .true.
end if
end function is_positive_real64
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» Conda
> conda install -c conda-forge fypp
» pip

> pip install --user fypp

Windows TAnaconda% &> T\ %3154 1%, RIEEELZESZ 2 ¢ |
» MSYS2

> pacman -S mingw-w64-x86_ 64-python-fypp
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fypp DBl
» fpyyD BHEBE X RILT B hDT > T L — b
» GitHub
https://github.com/degawa/ex_fypp

git clone https://github.com/degawa/ex_ fypp

cd ex_fypp

cd src

fypp 1s positive.fy90 is positive.f90 --include=inc
fypp mean.fy90 mean.f90 --include=1inc

fypp ..

fpm build --flag "-cpp"

fpm run --flag "-cpp" --example example

>
>
>
>
>
>
>
>
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fyppDIEA

» fyppDT A L T T4 7T
#e, #1 #{}#, $:, ${}%, @:
#:1f ~ #:elif ~ #:else ~ #:endif
#:def ~ #:enddef
#:for~#:endfor, #:set, #:del

» fypp D EAT
ANEAR T 7ANTHEEENEHATEH LW
7 7 A IALERFICHIFRIZ 2 W AY, fyppdtL K {EH S
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o 910D € 3
» #:1f defined('ZBIF")
ifdef.fy90

program ifdef > fypp ifdef.fy9e ifdef.f90

implicit none
y i program ifdef
#! EEDEBUGIEIXZF?F) ¥ L Tdefined()IZIET. implicit none
#:if defined('DEBUG")
print *, “"debug print” end program ifdef
#:endif
end program ifdef

> fypp ifdef.fy90 ifdef.f90 --define=DEBUG

program ifdef
implicit none

print *, "debug print"
end program ifdef
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L9474 V77147
» #{ }#
(yoHIZTF4 LI T4 TR

program ifdef > fypp ifdef.fy9e ifdef.f90

implicit none

program ifdef
#{if defined('DEBUG")}# print *,"debug" implicit none
#{else}# print *,"release" #{endif}#
end program ifdef print *,"release"

end program ifdef

> fypp ifdef.fy90 ifdef.f90 --define=DEBUG

program ifdef
implicit none

print *,"debug"
end program ifdef
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set, form 4 L 75 14 72K D a— FER

yset T A MEESE
» For T AMDEEZ—DT ODORYE L TR

program for
use, intrinsic :: iso_fortran_env
implicit none
#! integer kinds
#:set INTEGER _KINDS = ['int8', 'intl6', 'int32', 'int64']

#:for int_kind in INTEGER_KINDS
integer(${int_kind}$), parameter :: zero_${int_kind}$ = 0 ${int_kind}$
#:endfor

end program for
> typp

program for
use, intrinsic :: iso_fortran_env
implicit none

integer(int8), parameter :: zero_int8 = @ _int8

integer(int16), parameter :: zero_intl6 = @_intl6

integer(int32), parameter :: zero_int32 = @_int32

integer(int64), parameter :: zero_int64 = 0_int64
end program for
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defF4 L2757 4 2L B =7 0diEsH

» def ¥ 7 0% (5|18) ~ #:enddef T¥7 0% EH
@:~78%& (518, $:~¥70L("31%")
${~* 7L (51%)}$

#:def ASSERT(cond)
if (.not. ${cond}$) then
write (error_unit, '(3A,I0,A)') "assertion failed: ", _ FILE_ , ", line ", __LINE_ , "."
error stop
end if
#:enddef ASSERT

@:ASSERT(result == 3)

if (.not. result == 3) then
write (error_unit, '(3A,IQ,A)') "assertion failed: ", __ FILE_, ", line ", __ LINE__, "."
error stop

end if
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defF 4 L 275 ¢ 712 X BB D EFE

» defl3 B A7 & 2
» ABOL ) BB ERT 52 L LR

#:set IR_TYPES = ['integer(int32)', 'real(real32)'] #! rankt L TEINSEINND T > 701K ER 5, rankll)S
Cr#naia>%iRT.

#! typet L TCEINSZRNLRIZreal’ZEN TV 5.0% #:def rank_suffix(rank)

IR U, ZTAUAIMEIAIHIR I AW, #{if rank > O}#(${":" + ",:"*(rank - 1)}$)#{endif}#

#:def decimal suffix(type) #:enddef

#{if 'real' in typel}#.0#{endif}#

#:enddef #:for rank in range(1, 15+1)
I rankDEIZR C Tx(:), x(:,:), x(:,:,:)¥R 3
#:for t in IR _TYPES x${rank_suffix(rank)}$
I BZtIl"real" "IN TV 50.0lC70 5 #:endfor
0%${decimal_ suffix(t)}$
#:endfor
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:set I _KINDS
:set I _TYPES
:set R_KINDS
:set R_TYPES

['int8', 'intl6', 'int32', 'int64']
["integer(int8)', ...]

['real32', 'real64’]
['real(real32)', 'real(real6d)']

:set IR_KINDS = I_KINDS + R_KINDS
:set IR_TYPES = I_TYPES + R_TYPES
:set IR_KINDS_TYPES = list(zip(IR_KINDS, RI_TYPES))

interface is_positive
#:for k in IR_KINDS
procedure is positive ${k}$
#:endfor
end interface
contains
#:for k, t in IR_KINDS_TYPES

logical function is_positive ${k}$(val)
implicit none
${t}$, intent(in) :: val

is positive ${k}$ = .false.
if (val >= @${decimal_suffix(t)}$ _${k}$) then
is positive ${k}$ = .true.
end if
end function is _positive ${k}$
#:endfor
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interface is_positive
procedure :: is_positive_int8
procedure :: is_positive_intl6
procedure :: is_positive_int32
procedure :: is_positive_int64
procedure :: is_positive_real32
procedure :: is_positive_real64

end interface

contains

logical function is_positive_int8(val)
integer(int8), intent(in) :: val
is_positive_int8 = .false.
if (val >= ©_int8) then
is_positive_int8 = .true.
end if
end function is_positive_int8

logical function is_positive_intl6(val)
integer(intl6), intent(in) :: val
is_positive_intl6 = .false.
if (val >= @_intl6) then
is_positive_intl6 = .true.
end if
end function is_positive_intil6

logical function is_positive_int32(val)
integer(int32), intent(in) :: val
is_positive_int32 = .false.
if (val >= @_int32) then
is_positive_int32 = .true.
end if
end function is_positive_int32

HWEORART — § BT - BUEtE 7 — 7Y av T

logical function is_positive_int64(val)
integer(int64), intent(in) :: val
is_positive_int64 = .false.
if (val >= @_int64) then
is_positive_int64 = .true.
end if
end function is_positive_int64

logical function is_positive_real32(val)
real(real32), intent(in) :: val
is_positive_real32 = .false.
if (val >= 0.0_real32) then
is_positive_real32 = .true.
end if
end function is_positive_real32

logical function is_positive_real64(val)
real(real64), intent(in) :: val
is_positive_real64 = .false.
if (val >= 0.0_real64) then
is_positive_real64 = .true.
end if
end function is_positive_real64
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#! rank¥ L TEINSEID T > 791K ER 5, rankllic U 7=
¥BoaorEiRY.

#:def rank_suffix(rank)

#{if rank > O}#(${":" + ", :"*(rank - 1)}$)#{endif}#
#:enddef

interface mean
#:for rank in range(1, 15+1)
procedure :: mean_r64_rank${k}$
#:endfor
end interface
contains
#:for rank in range(1, 15+1)
function mean_r64_rank${rank}$(x) result(res)
real(real6d), intent(in) :: x${rank_suffix(rank)}$
real(real6d4) :: res

res = sum(x) / real(size(x, kind = int64), real64)

end function mean_r64_rank${rank}$
#:endfor
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interface mean
procedure :: mean_r64_rankl
procedure :: mean_r64_rank2
procedure :: mean_r64_rank3
procedure :: mean_r64_rank4
procedure :: mean_r64_rank5
procedure :: mean_r64_ranké
procedure :: mean_r64_rank7
procedure :: mean_r64_rank8
procedure :: mean_r64_rank9
procedure :: mean_r64_rankl1@
procedure :: mean_r64_rankll
procedure :: mean_r64_rank12
procedure :: mean_r64_rank13
procedure :: mean_r64_rankl4
procedure :: mean_ré4_rankl5

end interface

contains

function mean_r64_rankl(x) result(res)
real(real64), intent(in) :: x(:)
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rankl

function mean_r64_rank2(x) result(res)
real(real64), intent(in) :: x(:,:)
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_ré4_rank2

function mean_r64_rank3(x) result(res)
real(real64), intent(in) :: x(:,:,:
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rank3

function mean_r64_rank4(x) result(res)
real(real64), intent(in) :: x(:,:,:,:)
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_ré4_rank4

function mean_r64_rank5(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind =

end function mean_r64_rank5

function mean_r64_rank6(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind =
end function mean_r64_rank6
function mean_r64_rank7(x) result(res)
real(real64), intent(in) ::

real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

real64)

real64)

real64)

real64)

real64)

real64)

real64)

9T - BUESE T — 7Y av T

end function mean_ré4_rank7

function mean_r64_rank8(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rank8

function mean_r64_rank9(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rank9

function mean_r64_rank1@(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rankle

function mean_r64_rank11(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rankll

function mean_r64_rank12(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_r64_rankl12

function mean_r64_rank13(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),
end function mean_r64_rank13
function mean_r64_rank14(x) result(res)
real(real64), intent(in) ::
real(real64) :: res
res = sum(x) / real(size(x, kind = int64),
end function mean_r64_rankl4
function mean_r64_rank15(x) result(res)
real(real64), intent(in) ::
real(real64) :: res

res = sum(x) / real(size(x, kind = int64),

end function mean_ré4_rankl5

real64)
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fprettity

» FortranADY — X7 714 ILBEIKTFEY — /L
BHFEANDAEEHHR— b

» GitHub

https://github.com/pseewald/fprettify
» RF X2 b

https://qiita.com/implicit none/items/73431eb73d5ec88802e3
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a— R A Y AN D%k
» A>T >k
2XF, 3XF, AXF
y iFXXCwriteX D1E 5 NDZE
ZIFe N (if(),read*,write()) , ZIF% (if (),read *,write ())
y SCRCFRIAFHE
AXF, IWXF
» SBEFHBRHORAR—R
=*/DIXEIT E0+-ILE T\, 2TEIT S
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v

moduleX |43 54 >F > k
35, LW

module mod_hoge module mod_hoge
contains contains
subroutine hoge() subroutine hoge()
real(real32)... real(real32)...
end subroutine hoge end subroutine hoge
end module mod_hoge end module mod_hoge
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fprettify D EERE

» A>T > MEDIEE

» ITREFEBFD NS TUIFA > 57 > b

» SBEEFORYYES (G B)RIEZNDEADIEE
» 21T L D ZEIT D HIBR

» BIAFROARXF//NLFDOREHE

» MIEEEFDORIAIL(.eq., ==)DE

» cpp, FyppT A L 7T 4 7 ¥ DR

y T4 F Y DEEE
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£ A b=V & %Sy
» pip

> pip install fprettify

Windows TAnaconda% &> T\ %3154 1L, RIEEELZESZ 2 ¢ |

» Setuptools
> https://github.com/pseewald/fprettify.git

> cd fprettify
> ./setup.py install

— /,

» EAT
> fprettify 7741 7742 ...
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fprettify D H
» fprettifyd BEELRIET 57D DY — X
» G1tHub
https://github.com/degawa/ex fprettify
> git clone https://github.com/degawa/ex_ fprettitfy

> cd ex_fprettitfy

> fprettify --recursive . --fortran 90 --fortran {08
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fprettifyfs FIIF D

» fprettifyldBH LEFABRTAAN 7 7ML LEET 5
» B L < RWIEE
SRICIREATIT 5
18< ~ 1&>THD
fyppafE-> TW B LEBRIT 55518 ~ I>&TII W
» VSCode ¥ MiEERF, 77 A ILOABHIEASZ L1 H 5
LR EBE (vscode-modern-fortran-formatter) |l#2[X
YFIC&OEERT 2156 ICHE
FTTIlctrl+z TR
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A4 27 > Ml
y A 2T > MR H T
> fprettify --indent 1 >F > b 7714 IL %

» program, module® N A > 75 > b DERNL
> fprettify --disable-indent-mod 7 7 A /L%

module type_vector2 module type_vector2

contains contains

subroutine clear_vector2(vec) subroutine clear_vector2(vec)
use, intrinsic :: iso_fortran_env use, intrinsic :: iso_fortran_env
implicit none implicit none
type(vector2), intent(inout) :: vec type(vector2), intent(inout) :: v
veckx = 0deo veckx = 0deo
vecky = 0do vecky = 0do

end subroutine clear_vector2 end subroutine clear_vector2

end module type_vector2 end module type_vector2
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A 7 v Ml

y ZEIL—TDA T K

block block
integer(int32) :: i, j, k, Nx, Ny, Nz integer(int32) :: i, j, k, Nx, Ny, Nz
do k Nz do k = 1, Nz

do j Ny do j =1, Ny
do i = NX do i =1, Nx
print * print *
end do end do
end do end do
end do end do
end block end block

y 4 T > MR D ESNL

> fprettify --disable-indent 7 741 /L%

AT MBEZEATIC, ZAREEZERLEZVIGEICHA
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A
2% A D il
» --whitespace 7' v k
7)€y bide, 1, 2(12#), 3, 49 53R

7Y £yt &S

0 A>IDIE, LIaa>rnig, THEES&DHE], thenDHE]
1 7Tty boTZ=EANNDEFR, RN - BMRAEETF - HIEEEFDE11E
prlnt,r'ead)'(ti‘td)laaﬁ print* -> print *
end ¥ XD ZRTDE enddo -> end do
XNDLENE XTDEDIEIMDORE if() -> if ()
h >Nt
2 7ty F1ITZEAIN D5, +,-DHiE
3 7))y h2TEAINBIGEFR, *,/DREE
4 7))y F3TEAINSIFBFR, REBEOKD ZIRET 2%NDHI1E
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7% ) D il 1]
» --enable-decl
UseXZEHEZNE IOV 2 BFEOTEIC
» --whitespace-decl

--enable-decl ¥ & TH| A
INT A —Ftrue/false T :RIZIZZEA X A\NS/HIRZTY B4

> fprettify --enable-decl --whitespace-decl true 7 741 /L%

use,intrinsic::iso_fortran_env use, intrinsic :: iso_fortran_env
use: :type_vector2 use :: type_vector2
real(real64),parameter::pi=acos(-1d0) real(real64), parameter :: pi = acos(-1d0)
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72 [ Dl

» B B D ZE g D H1E

--whitespace-comma, --whitespace-assignment, --whitespace-
relational, --whitespace-logical, --whitespace-plusminus,
--whitespace-multdiv, --whitespace-print, --whitespace-
type, --whitespace-intrinsics, --strip-comments

--whitespace-7"56%3F 54 7> a >id, true/falseTHEINL/EZNL

» ZE 8 o L

> fprettify --disable-whitespace 7 71 /L%
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v /e e O » )
fATFmDXEYy XYV EBE—Y gy
) ——case /NI A —=H1 INTGA =42 INGA—=F3 INST A =44
NS A= D{ElIZe, 1, 29 5iBIR
OANA T 7AILDIREE#EF, 1./ NLFICEH, 2: KXFIIE#]

AXF (% SA

1 X program, print, write, read, if, do %

2 $AIADEY 2 — LS iso _fortran_env -> ISO_FORTRAN_ENV
KN FH5 4 acos -> ACOS

3 BREE T .eq., .gt. -> .EQ., .GT.
MIEEE F .and., .not. -> .AND., .NOT.
RIE(E .true.,.false. -> .TRUE., .FALSE.

4 #B3\ D EEX real64 -> REAL64
R v 1do -> 1D®
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MBI E DAY L

» --enable-replacements
WRAIAILDEIREEFZ77RA9 M ILOBIREEFICE FIRZ 3

> fprettify --enable-replacements

if (num2 == 0@ .and. num2 .l1t. 9) » if (num2 .eq. © .and. num2 .1lt. @)

» --Cc-relations

--enable-replacements ¥ & T H
77294 IL%90R I A ILICEZHZ S

> fprettify --enable-replacements --c-relations 7 74 /L4

if (num2 == @ .and. num2 .lt. Q) » if (num2 == @ .and. num2 < @)
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VSCode & DL

» vscode-modern-fortran-formatterihik

Modern Fortran Formatter: Fprettify Args
fprettify arguments (DO NOT SET:-h, -r, -S, --version)

--indent 4 --line-length 256 --enable-dec| --strip-comments --case 1 1 1 1

» Modern Fortraniiss

Fortran > Formatting: Args

Additional arguments for the formatter

settings.json CiREE

Fortran > Formatting: Formatter

Fortran formatter, currently supports findent and fprettify 118 T4 l-Modern FortraniiElcZE &
fprettify v 75“‘\)\’3 Ef: &)%Eﬂﬁ“"}ﬁéfb.
BiE G ER SRR .
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FDOMABA T Do FzFortranmjiF OSS

» FORD

» Fortran CSV Module
» TOML-Fortran

»M CLI2

» vegetables

» Quickstart Fortran

» GTK-Fortran
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FORD - Fortran Documenter

» https://github.com/
» https://github.com/
» R¥a A2 MERKY—)

Fortran-FOSS-Programmers/ford

Fortran-FOSS-Programmers/ford/wiki

/

V—ZANHLAPI R F a2 X > b T AR
Pagest LI1dMN 5 R¥a XA > N &3BmTHRKT EE
» Fortran-Language-Server £3BETE, KR/NN—TF 5FHEDEHEA
ICRF a2 X2 b HRRTRE
» Windows T ldpip ¥ conda?dGraphviz2 AT 28 EHNH %
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Fortran CSV Module

» https://github.com/jacobwilliams/fortran-csv-module
» FortranTCSV7 7 A ILEZEXY & 9

json-fortran¥ E C1E#&

FRARKD LTS
csv filed 73 = 7 b 1R

type(csv_file) :: f
logical :: stat

integer(int32), allocatable :: pref_code(:)
character(6), allocatable :: pref_name(:)

Z- 7“\\/\‘1 7 % L.— /r }l/% % character(6), allocatable :: region_name(:)
-~ Y]V

call f%read('table6-2.csv', header_row=4,
SN skip_rows=[1, 2, 3, 65, 66], status_ok=stat)
\) ~ M > /E —_ J J J J J —_

j_ 7 N/ L 7 F 7{)\ H 'ﬁé% HX'f:\T call f%get(1l, pref_code, stat)

call f%get(2, region_name, stat)

call f%get(3, pref_name, stat)

j" 7\\\‘/‘\1 7 F ODEE"(% call f%get(4, num_accidents, stat)

call f%destroy()
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TOML-Fortran

» https://github.com/toml-f/toml-f
» https://toml-f.github.io/toml-f/

[value]

» FortranTTOML 7 7 A4 /L Z B Y 3% D nee = 1

string = "str"
logical = "true"

TOML - Tom's Obvious Minimal Language

[value.real]

"standard notation" = 1.0
-E:';& ,r }I/m”- 7 ,r }|/7 F — <V |\ "exponential notation" = le-4
R _ [array]
At B <, INEAETIARE S HEX & 1 inceger = [10, 9, 8, 7]

real = [6.0, 5.0, 4.0]
string = ["3", "2", "1", "-1"

T—7IILDT—IREBFIENBERNY TR <,
BN 5DIZHD < BEFRI DD S
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M_CLI2

» https://github.com/urbanjost/M CLI2
» AR RSA>F T a nBRYBWVERE
FNRFT VNS 2FT—2
set_args(XF3|) THE
Pget("A TV a o) TE B
V=X T7ANDN—2ROTERYELALXT W
call set_args('-x 1 -y 2.0 -z 3.560 -p 11,-22,33 ~-title "my title" -1 F -L F')

sum = rget('x") + rget('y") + rget('z")
title = sget('title’)

p = igets('p")
1 = 1get('1l")
lbig = 1lget('L")
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vegetables

» https://gitlab.com/everythingfunctional/vegetables

» Fortran® - X Y/ — L

given-when-then®Behavior-Driven DevelopmentX ¥ A /LD T X k
TL—4L7— 7 %24

tests = describe("is_leap_year", &

[it("returns false for years that are not divisible by 4", &
[example_t(integer_input_t(2002)), example_t(integer_input_t(2003))],
check_not_leap_year), &

it("returns true for years that are divisible by 4 but not by 100", &
[example_t(integer_input_t(2004)), example_t(integer_input_t(2008))],
check_leap_year), &

it("returns false for years that are divisible by 100 but not by 400", &
[example_t(integer_input_t(1900)), example_t(integer_input_t(2100))],
check_not_leap_year), &

it("returns true for years that are divisible by 400", &
[example_t(integer_input_t(2000)), example_t(integer_input_t(2400))],
check_leap_year) &

D
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vegetables

pure logical function is_leap_year(year)
integer, intent(in) :: year

function check_not leap year(input) result(result )
use :: strff
class(input_t), intent(in) :: input
type(result t) :: result_ if (mod(year, 4) == 0) then
if (mod(year, 100) == @) then
if (mod(year, 400) == @) then
is leap_year = .true.
else
is leap_year = .false.
end if
else
is leap_year = .true.
end if
else
is leap_year = .false.
end if
end function is_leap_year

select type (input)
type is (integer_input t)
result = assert_not(is_leap_year(input%input()), to_string(input%input()))
class default
result = fail("Didn't get integer_ input t")
end select
end function check not_leap year

function check leap year(input) result(result )
use :: strff
class(input_t), intent(in) :: input
type(result t) :: result_

select type (input)
type is (integer input_t)
result = assert_that(is_leap_year(input%input()), to_string(input%input()))
class default
result = fail("Didn't get integer input t")
end select
end function check leap_year
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Quickstart Fortran on Windows

» https://github.com/LKedward/quickstart-fortran

» Windowsllgfortran, fpmz T ¥ HTA > X b—IL

gfortran, fpm, OpenBLAS, make
intela /N SDNRFEZHEZHRET S/ NV F 7714l

stdlibz EIWN K, 41 > XA F—=ILTFEEHDXYvFT7AIL
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GTK-Fortran

» https://github.com/vmagnin/gtk-fortran
» https://github.com/vmagnin/gtk-fortran/wiki

» GUIRZHEET /- DGIMP Toolkit®dFortran/XA >57 4 > 7

iso ¢ _bindingZ# A L, 100%FortranTztih
Windows £ T Mgtk-fortran® E{E

https://www.youtube.com/watch?v=WWY3SiVq3V8
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E s

» Fortran®MOSSOBN Y B 7L R X 1T > /=

» 3R Y DHETHRREZIRILL 2
‘AR S5Y - fpm, fprettify
BHEAEMS5T - stdlib, json-fortran, vtkfortran

AND %59 - VSCode, fypp, fortran-language-server
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x&H

» TFortran®d 2 Z2HAFE ) IZHRPTEAALHIRRL TW5S

y TNTEADELBTHELLY EWHOENTHANERICE > TV S
» HIET-DORRLE TWSFRMEDEEIZOSSHIRIL 20 L7 v
» Fortran®DOSSIIFAFEE - X T +TFE

y FO—8ICEYY EIFTWwWEFLLED
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