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You can share this PDF with anyone you feel could benefit from it, downloaded the latest version
from: cython

It is an unofficial and free cython ebook created for educational purposes. All the content is
extracted from Stack Overflow Documentation, which is written by many hardworking individuals at
Stack Overflow. It is neither affiliated with Stack Overflow nor official cython.

The content is released under Creative Commons BY-SA, and the list of contributors to each
chapter are provided in the credits section at the end of this book. Images may be copyright of
their respective owners unless otherwise specified. All trademarks and registered trademarks are
the property of their respective company owners.

Use the content presented in this book at your own risk; it is not guaranteed to be correct nor
accurate, please send your feedback and corrections to info@zzzprojects.com
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http://cython.org/#download

H

. pipX /=13 easy_install’z L TPyPI

$ pip install cython
$ easy_install cython

2. 7+ 1% %L Tconda

$ conda install cython

. enpkg/ NV T—Y R X—¥¥ % L f=Enthought Canopy

w

$ enpkg cython
Ffo. V—2I—RidgithubhdF I vA—RLT. ELTTA VR M—ILTELT,

$ python setup.py install

Ubuntu. Debian

UbuntU—C“;\ cythontcython?)@/\a\‘//T_‘\)%—C‘%ia—o :h":’)(;\ DA X |\_)|/7J_7‘\/E| \Jct
DONR—UI e HILICLTLEE 0N,

$ apt—-get install cython cython3

Windows

Windows®. pipZ LTA VX h—ILTE&Swhl7 74 LI3Y—RN—T4IZL>TENE .
whlZ 7 4 L OWindows DA VX b—ILIZFT I3, CEn=mlL T/ 0,

2CI XA TDAL A h—IL

CythonTEN/CT7ALEIUNAILT BICIE. CBEIUC+H+DIUNA SMNTT. gecI
INA ZDEN. DELSICA VR b—LTEL T,

Ubuntu. Debian

buildfessential/\a\‘/ /T—:)(: (i\ ﬁ%@bf?’ifihf(ﬂi g—o U/—I_\‘\) |\ U b“%’( X |\—}|/§—
51213, AR URELES.

$ sudo apt-get install build-essential

https://riptutorial.com/ja/home


http://pypi.python.org/pypi/Cython/
https://anaconda.org/anaconda/cython
https://github.com/cython/cython
http://www.lfd.uci.edu/~gohlke/pythonlibs/#cython
http://www.lfd.uci.edu/~gohlke/pythonlibs/#cython
http://stackoverflow.com/questions/27885397/how-do-i-install-a-python-package-with-a-whl-file
http://stackoverflow.com/questions/27885397/how-do-i-install-a-python-package-with-a-whl-file
http://stackoverflow.com/questions/27885397/how-do-i-install-a-python-package-with-a-whl-file
http://stackoverflow.com/questions/27885397/how-do-i-install-a-python-package-with-a-whl-file

<7
XCode/—IL(C I3 gccGDJi ShaunNAa SNEncni g,

Windows

MinGW Minimalist GNU for Windows [ [dWindowsPgeeSENT W& 9. Visual Studio® 3 /N
12HTEET.

ZAICHIX

Python® S Python7 7 1 )L & F %(C13. CythonPpyx” 7 A )L &#C3I— R cythonized IC LTIV
INALTBMHNES. B7TH—FId. TYVa—L =z L TPython 7RI LILA UR—bT B

Z&ETY,

a—R

ZDTIF. 320774 LELE T,

. hello.pyx(: fJCythonj— Rsgshcnid.
¢ test.pyldhello® 3 HPythonX 2 V7 b TT.
o setup.py‘gcythonj_lqtd"j ‘J/\"»(Jbé'éf:cb(:bhi J.

hello.pyx

from libc.math cimport pow

cdef double square_and_add (double x):
"""Compute x"2 + x as double.

This is a cdef function that can be called from within
a Cython program, but not from Python.

return pow(x, 2.0) + x
cpdef print_result (double x):

"""This is a cpdef function that can be called from Python."""
print (" ({} ~ 2) + {} = {}".format (x, x, square_and_add(x)))

test.py

# Import the extension module hello.
import hello

# Call the print_result method
hello.print_result (23.0)
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setup.py

from distutils.core import Extension, setup
from Cython.Build import cythonize

# define an extension that will be cythonized and compiled
ext = Extension (name="hello", sources=["hello.pyx"])

setup (ext_modules=cythonize (ext))

a4l

CHNIE . cython hello.pyxZ LTI—RECICL. 4B LTAUNALT B EILLDTTEX
. £D&IF. distutisicCNESIESZETT

S 1s
hello.pyx setup.py test.py
$ python setup.py build_ext --inplace

S 1s
build hello.c hello.cpython-34m.so hello.pyx setup.py test.py

73'7*‘)19 |\.so77'f)|/%Pythoan\6/( UR—b bfg—é:tb\o?%é@?\ test.py(itest.py
EIHEMTELT

$ python test.py
(23.0 ~ 2) + 23.0 = 552.0

A 224 U TcythonZ W8 % =T https://riptutorial.com/ja/cython/topic/2925/cython & (6 %

https://riptutorial.com/ja/home


https://riptutorial.com/ja/cython/topic/2925/cython%E3%82%92%E4%BD%BF%E3%81%84%E5%A7%8B%E3%82%81%E3%82%8B
https://riptutorial.com/ja/cython/topic/2925/cython%E3%82%92%E4%BD%BF%E3%81%84%E5%A7%8B%E3%82%81%E3%82%8B
https://riptutorial.com/ja/cython/topic/2925/cython%E3%82%92%E4%BD%BF%E3%81%84%E5%A7%8B%E3%82%81%E3%82%8B
https://riptutorial.com/ja/cython/topic/2925/cython%E3%82%92%E4%BD%BF%E3%81%84%E5%A7%8B%E3%82%81%E3%82%8B
https://riptutorial.com/ja/cython/topic/2925/cython%E3%82%92%E4%BD%BF%E3%81%84%E5%A7%8B%E3%82%81%E3%82%8B
https://riptutorial.com/ja/cython/topic/2925/cython%E3%82%92%E4%BD%BF%E3%81%84%E5%A7%8B%E3%82%81%E3%82%8B

2: Cython’ s> K V> 7
Examples

pyinstaller - 72Cython 7 82 7' 7 L\ 32 R L
T RYRA Y hEDCython 7 AT S LhidE %

def do_stuff():
cdef int a,b,c

a=1
b =2
c = 3

print ("Hello World!")
print ([a,b,c])
input ("Press Enter to continue.")

setup.py 7 7ANLEL I FLYICLES

from distutils.core import setup
from Cython.Build import cythonize

setup (
name = "Hello World",
ext_modules = cythonize ('program.pyx'),

python setup.py build_ext 7finplace%-§— é t N _pyd5/{ 75 U bf"j' 77 AL 9‘(: _Ck hi j—o

ZD. ZA4TZVZIE. nain.py ED2TNRZIDPythonXZ VT h&E L. a7 TAILEZDIC
-pydig—

import program
program.do_stuff ()

pyinSta”el’iﬁ’ lx—fpyinstalleri&/\*) R L/pyinstaller ——onefile "main.py" o ZhIZ&K @ N 75
U EPythonZ7 V54 LELAMB+Y A DT 7ALELY T IF LT BENE T

L R DWindows
WindowsTDEF 51213, DD par B LE T

del "main.exe"

python setup.py build_ext --inplace

del "*.c"

rmdir /s /q ".\build"

pyinstaller --onefile "main.py"

copy /y ".\dist\main.exe" ".\main.exe"

rmdir /s /g ".\dist"
rmdir /s /q ".\build"

https://riptutorial.com/ja/home



del
del

"k . Spec"
"k .pyd"

N RLVICNumpyZ 9 %

N |< ILIZ Numpy%?’ 51213 setup.py%include_dirs X—"7— |< TL.

PythonX 2 U7 MIC4 2R—bk LT, PyinstallerlC LE 3.

program.pyx

import numpy as np

cimport numpy as np

def do_stuff():
print ("Hello World!")
cdef int n
n =2
r = np.random.randint (1,5)
print ("A random number: "+str(r))
print ("A random number multiplied by 2 (made by cdef) :"+str(r*n))
input ("Press Enter to continue.")
setup.py

from distutils.core import setup, Extension

from Cython.Build import cythonize

import numpy

setup (

ext_modules=cythonize ("hello.pyx"),
include_dirs=[numpy.get_include () ]

main.py

import program

import numpy

program.do_stuff ()

(C L Tnumpy%Z 7V /\—

& 224 U TCython/N K'Y U7 =T https://riptutorial.com/ja/cython/topic/6386/cython/ N > K ')

T
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3:CI—RZNT
Examples

HATILCTATIT)DOD

jjng\b\%%_é—émy_randomt('\5C5’{ 75'} i‘)\‘"&) @iﬁ'o set_seed(long seed) trand() %LT
Lo, DEHDEIRAD2DDENZWENWET. CythonTZENDET HI21S.

1..pxd 7 7ANLICA V=TT A4 X & L.
2. pyx? 7ALTEULIET.

=K

test_extern.pxd

# extern blocks define interfaces for Cython to C code
cdef extern from "my_random.h":

double rand()

void c_set_seed "set_seed" (long seed) # rename C version of set_seed to c_set_seed to
avoid naming conflict

test_extern.pyx

def set_seed (long seed):
"""Pass the seed on to the ¢ version of set_seed in my_random."""
c_set_seed (seed)

cpdef get_successes (int x, double threshold):
"""Create a list with x results of rand <= threshold

Use the custom rand function from my_random.
wun
cdef:
list successes = []
int 1
for i in range (x):
if rand() <= threshold:
successes.append (True)
else:
successes.append (False)
return successes

A Z4 vccd— Rz D9 =L https:/riptutorial.com/ja/cython/topic/3626/cI— R & 0 &
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4- 7 VB2 TC ++

Examples

DLLD 7 vV 2 7 Cython 7S Python “NPDC ++
CNld. C++diIZECythonT 7V T7F 52 LTI T. TNEIDEXTY TE2H N N—LET

 Visual Studio® LTC++TH VU JILDLLELZX T,
e CythonTDLLE 7V 73 %<& . PythonTCUT ZEMTEL T

Cython”* 4> A —IL 3N TWT. ENZPythonTIC A > R—bhTEBHELTWVET,
DLLODIC DWW TIZ. Visual StudioCDLLZ T 5 £IC LTSI EHELTHE T,
BICIE. D7 74LOBENE T,

. complexFunLib.h C ++ DLLY —X D~V T —T 7 4 )L

. complexFunLib.cpp C ++ DLLY —XDCPP7 7 1 L

. ccomplexFunLib.pxd Cython® "~J F—"2 741

. complexFunLib.pyx Cython® "Z Y /N—"7 7 A JL

. setup.py complexFunLib.pyd & 3 BIC®HODPythont Y F 7Y T 774 L

. run.py 3 Y/INAILHDCythonZ Y IDLLZE A VIR— b T SPython7 7 1 L D

o Ok WN P

C ++ D L L \/ _Z complexFunLib. hB J: U complexFunLib.cpp

FTTICDLLENY YV —R T F7ALULH5EI1E. ThEAXT Y 7L TL 3V, (2. Visual Studio

ZLTDLLEI UNA LT BC++V—RELET. T HELTEVWCNWEZTWET. M2D
DI, DesETNBrE cek krexpee) PELIT. EDIZT 22000HVET. Chont T
[FOopenMP&E L TWADT. OpenMPH T AV T Y hDvisual Studiod 7V 3V TICE>TWS

ZErELTLRE N,

H7 7 1L

// Avoids C++ name mangling with extern "C"

#define EXTERN_DLL_EXPORT extern "C" _ declspec(dllexport)
#include <complex>

#include <stdlib.h>

// Handles 64 bit complex numbers, i.e. two 32 bit (4 byte) floating point numbers
EXTERN_DLL_EXPORT void mp_mlt_exp_c4 (std::complex<float>* k,

std: :complex<float>* ee,

int sz,

std::complex<float>* res,

int threads);

https://riptutorial.com/ja’/lhome 9



// Handles 128 bit complex numbers, i.e. two 64 bit (8 byte) floating point numbers
EXTERN_DLL_EXPORT void mp_mlt_exp_c8(std::complex<double>* k,
std::complex<double>* ee,

int sz,

std::complex<double>* res,

int threads);

CPP7 7 1

#include "stdafx.h"
#include <stdio.h>
#include <omp.h>

#include "complexFunLib.h"

void mp_mlt_exp_céd (std::complex<float>* k,
std::complex<float>* ee,
int sz,
std::complex<float>* res,
int threads)

// Use Open MP parallel directive for multiprocessing
#pragma omp parallel num_threads (threads)

{
#pragma omp for
for (int 1 = 0; i < sz; i++) res[i] = k[i] * exp(ee[i]);

void mp_mlt_exp_c8 (std::complex<double>* k,
std: :complex<double>* ee,
int sz, std::complex<double>* res,
int threads)

// Use Open MP parallel directive for multiprocessing
#pragma omp parallel num_threads (threads)

{
#pragma omp for
for (int 1 = 0; i < sz; i++) res[i] = k[i] * exp(ee[i]);

Cyth O n \/ _Z ccomplexFunLib.pde CJ: UcomplexFunLib.pyx

. C++DLLZE 2V 79 5DICACythonV —A 774 ILELE T, COXTYTITIR. 0% LK
g_o

« HEfzldCythonz A VX b—IL L& L/
« TLIELS%E. ODLLELTV S

Zld. PythonEYVa1—LELTA UIR—bMLTC+H+TINICET S a7 7TALEIINAILT
BT T DCythonY —X 7 7 A L EDDLL .pyad 5 ETT .

PXD7 7 4L

https://riptutorial.com/ja/lhome 10



CDT7ANE. CH+ YT —T7ALICLTWET. FEAED. ECythonDTIDT 74
LAYy H—IC—~_R—X b FBHIEMTEIT. ZD. OCythonMBE X L.
ccomplexFuniib.pxdPICcET DI EICLTLREE . THI>TIRHSGDICGAD. ZDKSEDDIC
D2EMPMDE L.

cdef extern from "complexFunLib.h":
void mp_mlt_exp_c4 (float complex* k, float complex* ee, int sz,
float complex* res, int threads);
void mp_mlt_exp_c8 (double complex* k, double complex* ee, int sz,
double complex* res, int threads);

PYX7 7 4L

CDTF7ANIE. CH++DeppV/—X T F7ALICLTNWE T, TOTIE. Numpy ndarrayd 7Y TP
hADKRA V% &4 R—PDLLIC haarrayE §o & HDCython memoryviewd 7YV IT M &EICT S
CEHTEIITN. FONTHF—I VR ndarrayF TV MIELHEOMB LI BALIZL

@ s)—oTd.

cimport ccomplexFunLib # Import the pxd "header"

# Note for Numpy imports, the C import most come AFTER the Python import
import numpy as np # Import the Python Numpy

cimport numpy as np # Import the C Numpy

# Import some functionality from Python and the C stdlib
from cpython.pycapsule cimport *

# Python wrapper functions.
# Note that types can be delcared in the signature

def mp_exp_céd (np.ndarray[np.complex64_t, ndim=1] k,
np.ndarray[np.complex64_t, ndim=1] ee,
int sz,
np.ndarray[np.complex64_t, ndim=1] res,
int threads):

v

TODO: Python docstring

LN B

# Call the imported DLL functions on the parameters.

# Notice that we are passing a pointer to the first element in each array
ccomplexFunLib.mp_mlt_exp_c4 (&k[0], &ee[0], sz, &res[0], threads)

def mp_exp_c8(np.ndarray[np.complex128_t, ndim=1] k,
np.ndarray|[np.complex128_t, ndim=1] ee,
int sz,
np.ndarray[np.complex128_t, ndim=1] res,
int threads):

v

TODO: Python docstring

v

ccomplexFunLib.mp_mlt_exp_c8(&k[0], &ee[0], sz, &res[0], threads)

Python \/_Z setup.py trun.py

setup.py

https://riptutorial.com/ja/lhome 11



DT F7AIIE. Cython® I /XA IL%&F HPython 7 7A L TT. TDIF. JINA LS
pya? 7ANLELT, PythonEY21—LICL2TA VR—hFHZETT. CDTIE. setup.py
t L/7_:’( Lo N I) (:.7;(' 3—&_(0)7 74l complexFunLib.h v complexFunLib.dll ~

ccomplexFunLib.pxd ~ Bck UcomplexFunLib.pyx E’complexFunLib.pyx l/ Th i -d—o

CRIFALDEINIZS. AR URTA UDBNTIA—FETTENHVI T puitd exe —

inplace

CDITFALDENSE, T5—285€BHIEHL a7 7TAADENET. (CLoTIER>. 0y
HBDE. yaSENEDMH VDI ITNTHSZEICLTLEE 0., NS 0BT BT, setup.py
DICTZ—MR2A—ZNTOEOCIERELTEE N,

from distutils.core import setup

from distutils.extension import Extension
from Cython.Distutils import build_ext
import numpy as np

ext_modules = [

Extension ('complexFunLib',
['complexFunLib.pyx'],
# Note here that the C++ language was specified
# The default language is C
language="c++",
libraries=["'complexFunLib'],
library_dirs=['."])

setup (
name = 'complexFunLib',
cmdclass = {'build ext': build_ext},
ext_modules = ext_modules,
include_dirs=[np.get_include()] # This gets all the required Numpy core files
)
run.py

complexFunLib Python:E‘\/e:L_)l/ (ZA4 UiR—b L. 7V 73 nirc DLL%U? _ & bf?%i §'o

import complexFunLib
import numpy as np

# Create arrays of non-trivial complex numbers to be exponentiated,

# i.e. res = k*exp (ee)

k = np.ones (int (2.5e5), dtype='complex64')*1.1234 + np.complex64(1.12347)

ee = np.ones (int (2.5e5), dtype='complex64')*1.1234 + np.complex64(1.12347)
sz = k.size # Get size integer

res = np.zeros (int (2.5e5), dtype='complex64') # Create array for results

# Call function
complexFunLib.mp_exp_c4(k, ee, sz, res, 8)

# Print results
print (res)

FUZ4 T yE I C ++%T https://riptutorial.com/ja/cython/topic/3525/ 7 &£ > Jc-

https://riptutorial.com/ja/lhome
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