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print("Hello World!")

if x ==10: RIUHOZEETTI VT Y hIhiXH
print CAAA) TAy T EHBIND
print ("BBB")
else
print ("CCC")
print ("DDD")

for x in range(3): 0,1, 2% L]
print(x)

names = ["Taro", "Jiro", "Saburo"] UANZES L, ZTNZforXICIEE TE D

for name in names:
print(hame)
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e NumPy, SciPy
o HIBESHED/=HDS1TSVUE
e FortranCICS|#UE L oJgerEicd! - &t
e BLAS, LAPACKE D&

® mpidpy
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o itV SR (numpy.array) (CIEEFIPLITIDIZHD XY v KH

ZEIRHENTWVS

import numpy as np numpyEWS 5475V ZnpEWVWSERITTIVIR—RT 3
A = np.array([1, 2, 3]) 1RITECHIAEBDER

B = np.array([4, 5, 6])

print (A + B) S 7 9]

print (A™ B) 410 18] ERBOER

print (A * 2) 2 4 6]

print (np.dot(A, B)) 32 = (4+10+18) dotf&E

C =np.array([[1,2], [3,4]]) | oxRFIcCEDDOES
D = np.array([[4,3], [2,1]]) 18 5] .
print (np.dot(C, D)) 20 13]] 1THE
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Import numpy as np matplotliblZPython T/ 5 7 2 RET 2 L TR EIC
import matplotlib.pyplot as plt EbNESA4TS5Y FoX— gV bakE

X = np.arange(-3.14, 3.14, 0.01) | -3.14~3.14X T0.01%| H# DZFEZEEI = £ 5L
y = np.sin(x)
plt.plot(x, y)
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® Debian GNU/Linux 9.4
e gfortran 6.3.0
e CPython 3.5.3
® OpenMPI 2.0.2
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https://docs.python.jp/3/library/ctypes.html

ctypes Q& C o8 Python D#!
c_bool _Bool bool (1)

c_char char I1XFDINA KNFAT I I~
c_wchar wchar_t 1 XD ZFF
c_byte char int

c_ubyte unsigned char int

c_short short int

c_ushort unsigned short int

c_int int int

c_uint unsigned int int

c_long long int

c_ulong unsigned long int

c_longlong __int64 X 7/cl& long long int

c_ulonglong unsigned __int64 X 7/cld unsigned long long int

c_size_t size_t int

c_ssize_t ssize_t XTcld Py_ssize_t int

c_float float FEIINEUR R
c_double double FEIINEUR R
c_longdouble long double FENN R
c_char_p char * (NUL #&im) INA RBIA T U NFETlE None
c_wchar_p wchar_t * (NUL #&im) N ZFFE T2 IE None
c_void_p void * B E 21 None
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fmath.f90 calc.py
subroutine add(a,b) bind(C) from ctypes import *
implicit none
integer(8),intent(in) :: a fmath = cdll.LoadLibrary("fmath.so")
integer(8),intent(inout):: b fmath.add.argtypes =[ POINTER(c int64), POINTER(c int64) |
b=a+b fmath.add.restype =c void p
end subroutine add fmath.mult.argtypes = [ POINTER(c_int64), POINTER(c int64) ]

fmath.mult.restype =c void p
subroutine mult(a,b) bind(C)

implicit none a = c_int64(2)
integer(8),intent(in) :: a b = c_int64(3)
integer(8),intent(inout):: b fmath.add(a, b)
b=a*b print ("2 + 3 =", b.value) #5
end subroutine mult
a = c_int64(2)
PythonHh SIEONH L 72 L b = ¢_int64(3)

YIL—ForEgogsn |mathmulta, b)

int ("2*3 =", b.value) # 6
S (Cbind(C)EMZ 3 print value) —
AR (Efmath.add(byref(a), byref(b))&E WS K SIC, byref() %z

Eo>TRAVZICULEBWE WFERWD, [AIH 7R THEIET S
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% gfortran -shared -fPIC -o fmath.so fmath.f90 HEZA1T 7Y DER
% export LD LIBRARY PATH=..$LD LIBRARY PATH [Eofcgaes

7 python3 calc.py PythonD3E1T
2+3=5

2*3=06

%
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fmath.f90 calc.py
subroutine add_one(a,b,N) bind(C) from ctypes import *
implicit none import numpy as np
integer(8),intent(in) :: N _ _ o
real(8),dimension(N),intent(in) :: a fmath = np.ctypeslib.load_library("fmath.so",".")
real(8),dimension(N),intent(inout):: b | |fmath.add_one.argtypes = |
np.ctypeslib.ndpointer(dtype=np.float64),
b(:)=a(;) + 1 np.ctypeslib.ndpointer(dtype=np.float64),
end subroutine add_one POINTER(c_int64) ]

fmath.add_one.restype = c_void p

python DAL 5 (&0-origin7 D T, . 0.10.4t floatéd)
NS . inArray = np.arange(0.,10.,dtype=np.floa

£ 3=k Ddimension(N)= outArray = np.empty_like(inArray)

dimension(0:N-1)& U TH R L, size = byref(c_int64(inArray.size))

fmath.add_one(inArray, outArray, size)

print (inArray) # 0,1,2,..,9

print (outArray) # 1,2,3,..,10

Numpy%Z > 728, numpy®Dload_library()Z=fE > T
HEHEIT A4V EO—KT 5.
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% gfortran -shared -fPIC -o fmath.so fmath.f90
% python3 calc.py

[0. 1. 2. 3. 4. 5. 6. 7. 8. 9]
[1. 2. 3. 4. 5. 6. 7. 8. 9. 10]
%

HE AT ZUANDINAEnp.ctypeslib.load_library() TIEE L TWS 8,
IRIBZ LD LIBRARY PATHDRE IZAE

Python TERK U e Z R ITECH P iEEA D, FortranllET 2 EMNTES.
fc2 U, ZRITTEIIERITTDIELEIC IR B D TERNDE,
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fmath.f90 calc.py
integer(8) function sum(a,N) bind(C) from ctypes import *

implicit none import numpy as np

integer(8),intent(in) :: N

integer(8),dimension(N),intent(in) :: a fmath = np.ctypeslib.load_library("fmath.so",".")

integer :: i fmath.sum.argtypes = |

np.ctypeslib.ndpointer(dtype=np.int64),
sum =0 POINTER(c int64) ]
doi=1, N fmath.sum.restype = c_int64
sum = sum + a(i)

end do inArray = np.arange(0.,10.,dtype=np.int64)

end function sum size = byref(c_int64(inArray.size))
print (inArray)

print (fmath.sum(inArray, size)) # 45




AYVINTIVEETT

% gfortran -shared -fPIC -o fmath.so fmath.f90
% python3 calc.py

[0. 1. 2. 3. 4. 5. 6. 7. 8. 9]

45

%
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fmath.f90 calc.py
subroutine rungekutta(dt, nend, values) bind(C) | |from ctypes import *
implicit none import matplotlib.pyplot as plt

real(8), intent(in) :: dt

integer(8), intent(in) :: nend

double precision, intent(out) :: values(nend)
double precision :: t, p1, p2, p3, p4, u
integer(8) :: n

u=1do0

don=1, nend
t = dt * real(n)
p1=u
p2 =u+ 0.5d0 * dt * p1
p3 =u+ 0.5d0 * dt * p2
p4 =u +dt* p3
u=u+dt*1/6d0 ™ (p1+2*p2+2*p3 + p4)
values(n) = u

end do

end subroutine rungekutta

Import numpy as np

fmath = np.ctypeslib.load_library("fmath.so",".")

fmath.rungekutta.argtypes = |
POINTER(c_double), POINTER(c _int64),
np.ctypeslib.ndpointer(dtype=np.float64)]

fmath.rungekutta.restype = c¢_void_p

n =500

a =np.zeros(n)

dt = c_double(0.01)
len = c_int64(a.size)

fmath.rungekutta(dt, len, a)

plt.plot(np.arange(0,5,0.01), a)
plt.show()

TEER—IZ2SZE(ICER

https://kyoto-geopython.github.io/Kyoto-GeoPython/html/[it: FBifiE/Fortran,%20C S 55 %20 & D& html
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% gfortran -shared -fPIC -o fmath.so fmath.f90

% python3 calc.py
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fmath.f90 calc.py
subroutine scal(x, alpha, N) bind(C) from ctypes import *
implicit none import numpy as np
integer(8), intent(in) :: N import time
real(8), dimension(N), intent(inout) :: x
real(8), intent(in) :: alpha fmath = np.ctypeslib.load_library("fmath.so",".")
fmath.scal.argtypes = |
x(:) = x(:) * alpha np.ctypeslib.ndpointer(dtype=np.float64),
end subroutine scal PO'NTER(C_dOUble), PO'NTER(C_Int64)]
fmath.scal.restype = ¢_void_p

n =10000000

X = np.ones(n, dtype=np.floatc4)
alpha = ¢_double(0.01)

len = c_int64(x.size)

start_time = time.perf_counter()

fmath.scal(x, alpha, len)

elapsed_time = time.perf_counter() - start_time
print ("elapsed_time:{0}".format(elapsed_time))
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Fortran+Python v.s. Fortran® é* v.s. PythonD & (D 3T&EXE TR

Fortran® & Python® 7+
program main import numpy as np
implicit none import time
integer(8), parameter :: N = 10000000
real(8), dimension(N) :: x n = 10000000
real(8),parameter :: alpha = 0.01 X = np.ones(n)
integer(8) :: t1, t2, t rate, t_max start_time = time.perf_counter()
x = x * alpha
Xx(:)=1.0 elapsed_time = time.perf_counter() - start_time
call system_clock(t1) print ("elapsed_time:{0}".format(elapsed_time))

call scal(x, alpha, N)
call system_clock(t2, t rate, t max)

write(*,*) (t2-t1)/dble(t_rate)

end program main
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m Python®d mFortran®d+ mFortran+Python
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mpidpy/\y T—

e https://github.com/mpidpy/mpidpy

from mpi4py import MPI

comm = MPI.COMM_WORLD
rank = comm.Get_rank()

size = comm.Get_size() MPI_Init()& MPI_Finalize() &

print("Hello World at rank {0}/{1}".format(rank, size)) | FFEAYICIE (LI S

% mpiexec -n 4 python3 ./hello.py | sort
Hello World at rank 0/4
Hello World at rank 1/4
Hello World at rank 2/4

Hello World at rank 3/4




mpidpy/\Y 77— + numpy

® == | https://keichi.net/post/mpidpy/

from mpidpy import MPI
import numpy as np

comm = MPI.COMM_WORLD
rank = comm.Get_rank()

if rank == 0:
buf = np.arange(100, dtype=np.float64)
req = comm.lsend(buf, dest=1, tag=0)
elif rank == 1:
buf = np.empty(100 ,dtype=np.floatc4)
req = comm.lrecv(buf, source=0, tag=0)

req.wait()
Fortran*PCOMPIL D > FILIGEH T %
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fmath.fo0 (ZE4 L)

subroutine scal(x, alpha, N) bind(C)
Implicit none
integer(8), intent(in) :: N

real(8), intent(in) :: alpha

X(:) = x(:) * alpha
end subroutine scal

real(8), dimension(N), intent(inout) :: x

FI5DEEIMICE W =scal 7O T A,

HRAFIFEER,

calc.py

from ctypes import *
Import numpy as np
from mpid4py import MPI

fmath = np.ctypeslib.load_library("fmath.so",".")

fmath.scal.argtypes = |
np.ctypeslib.ndpointer(dtype=np.float64),
POINTER(c_double), POINTER(c _int64)]

fmath.scal.restype = ¢ _void p

comm = MPI.COMM_WORLD
size = comm.Get_size()

n =int(10000000/size)

X = np.ones(n, dtype=np.floatc4)
alpha = c_double(0.01)

len = c_int64(x.size)

fmath.scal(x, alpha, len)

%10000000(FE & size TEI D YN 5 L IKE
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fmath.f90 hello.py

subroutine hello(comm) bind(C) from ctypes import *
implicit none import numpy as np
include "mpif.h" from mpi4py import MPI

integer(4) :: comm, size, rank, ierr

fmath = np.ctypeslib.load_library("fmath.so",".")

call MPl_Comm_size(comm, size, ierr) fmath.hello.argtypes = [ POINTER(c_int32) ]
call MPlI_Comm_rank(comm, rank, ierr) fmath.hello.restype = ¢c_void p
print *, "Hello World at rank ", rank, "/", size

end subroutine hello comm = MPI.COMM_WORLD

comm = comm.py2f()
fmath.hello(c_int32(comm))

PythonOMPIO X 2 =7 — % [Fpy2f )XV v KT

EITHER FortranOMPIO I 1 = — Y IC T 5.
% mpiexec -n 4 python3 ./hello.py | sort Fortran®MPI3 = 2 =7 — % (XIntegerBd7a D T
Hello World at rank 0 / 4 c_int32ICE L THh SFortranD T J)L—F > |C
Hello World atrank 1/ 4 BT (CO7O0—I1xHF 5 EEKRE) .

Hello World atrank 2/ 4
Hello World at rank 3/ 4
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fmath.fo0

calc.py

subroutine scal(x, alpha, N, comm) bind(C)
implicit none
integer(8), intent(in) :: N
real(8), dimension(N), intent(inout) :: x
real(8), intent(in) :: alpha
real(8), dimension(N) :: y
include "mpif.h"
integer(4) :: comm, size, rank, ierr, len
integer(4) :: start, end

call MPl_Comm_size(comm, size, ierr)
call MPI_Comm_rank(comm, rank, ierr)
len = N/size

start = rank * len + 1

end = start + len - 1

x(start:end) = x(start:end) * alpha

y, len, MPI_REALS8, comm, ierr)
x(:) = y(:)

end subroutine scal

call MPl_Allgather(x(start), len, MPI_REALS,

from ctypes import *
Import numpy as np
from mpid4py import MPI

fmath = np.ctypeslib.load_library("fmath.so",".")

fmath.scal.argtypes = |
np.ctypeslib.ndpointer(dtype=np.float64),
POINTER(c_double), POINTER(c int64),
POINTER(c_int32)]

fmath.scal.restype = ¢c_void p

comm = MPL.COMM_WORLD
comm = comm.py2f()

n =10000000

X = np.ones(n, dtype=np.floatc4)
alpha = ¢_double(0.01)

len = c_int64(x.size)

fmath.scal(x, alpha, len, c_int32(comm))

%10000000(FEHsize TEI D YN 5 E{RE
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Python+MPI& XMP & D&

fmath.f90 calc.py

subroutine scal(x, N, alpha) bind(C) from mpidpy import MPI
1$xmp nodes p(*) from ctypes import *
1$xmp template t(N) import numpy as np
1$xmp distribute t(block) onto p import xmp

real(8), dimension(N), intent(inout) :: x

real(8), intent(in) :: alpha lib = xmp.Lib("fmath.so")
1$xmp align x(i) with t(i) comm = MPI.COMM_WORLD

size = comm.Get_size()

1$xmp array on t(:)

X(:) = x(;) * alpha n =1000000
end subroutine scal m = int(n/size)

X = np.ones(m, dtype=np.float64)
alpha = ¢_double(0.01)

job = lib.call(comm, "scal", (x, n, alpha))
if comm.Get_rank() ==
print (job.elapsed time()) // second

%10000000(EE#size TEIDYIN S ERE
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