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Okono

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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rnasa 1: Hauano pa6otbl ¢ cython

3aMmedyaHus

Yrto Ttakoe KUToH?

SA3blk nporpammupoBaHus Cython oborawaet Python C-nogobHbIM cTaTtnyecknm Habopom
TEeKCTa, BO3MOXHOCTbIO NPSIMOro BbidoBa oyHKUMIA C 1 HECKONbKUMU APYTrMI CPYHKUMSIMU. DTO
Mo3BONSIET AOCTUYb YPOBHS C-ypOBHS MPW UCNONIb30BaHMU CUHTaKcuca, nogobHoro Python.

Kak ato pabortaet?

Kon Cython ckoMmnununposaH ¢ ncnosnb3oBaHNeM KoMnuasaTopa cython source-to-source ons
co3naHuns koga C nnn C ++, KOTOpbIA, B CBOK 04epelib, MOXET ObiTb CKOMNUINPOBAH C
ncnonb3oBaHnem komnunatopa C. 310 NO3BONSET CO34aBaTb PACWMPEHUS, KOTOPbIE MOTYT ObIThb
nMnopTupoBaHbl n3 Python nnn ncnonHsembix ¢oannos.

OcHoBHoOW NpupocCT nponssoanTenbHocTn Cython MOXeT OCTUrHYTb, B OT/IMYME OT YUCTbIX
ocHoB Python, muHyst APl CPython. Hanpumep, npu nobasneHuun aByx Lenbix Yicen Python
BbINONIHAET NPOBEPKY TWNa ANS KaX Ao NepeMeHHON, HaxoamMT OYHKLMIO fobaBneHuns, kotopas
yLOBNETBOPSAET HAWOEHHbIM TUMAM U BbI3bIBAET 3Ty PpyHKUMIO. B C-06pa3Hom C-o6pa3Hom koae
TUMbl Y>XX€ U3BECTHbI, U BbIMONHAETCS TONbKO OAMNH BbI30B oyHKUuKW. CnepoeatenbHo, KUTOH
0cobeHHO 630K K MatemMaTuyeckum npobnemMam, B KOTOPbIX TUMbI MOHATHbI.

Kak ucnonb3oBartb ero onsi yCKopeHusi Moero kona?

OO6bIYHbIV NPMMEP NCMONb30BAHMS NPW MNOMbITKE YCKOPUTbL paboTy NPorpammbl C MOMOLLbIO
Cython 3akntoyaeTcs B TOM, 4T0Obl NPOCPUNIMPOBATL KOA U NEPEMELLATD BbIYUCINTENBHO
foporve getanu B Komnunupyembie mogynn Cython. 970 NO3BONSET COXPAHUTb CUHTAKCUC
Python ons 6onblwei YacTn Koga U NPUMEHNTb YCKOPEHME TaM, rae 310 Hanbonee HEO6X0AUMO.

Examples

YcTtaHoBka Cython

Ins ncnonb3oBaHusi Cython Heobxoaumbl Ase Bewwn. Cam naket Cython, KOTOPbI COAEPXUT
cython Source-to-source n Cython, B3anMonencTByeT ¢ Heckonbkumn 6ubnunotekamm C n Python (
Hanpumep, numpy). YTo6bl ckoMnunmpoBaTb Koa C, CreHeprpoBaHHbIn KOMAMASTOPOM cython ,
Heobxoamm komnunaTop C.
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LLlar 1: YctaHoBka Cython

Cucrtema ArHocTuk

Cython MO>XHO YCTaHOBWUTb C HECKOJIbKUMUN CUCTEMHbIM CUCTEMaMU yrnpaBNneHNA nakeTamun. OHn
BK/HOYAlOT:

1. PyPl yepes pip nnu easy_install:

$ pip install cython
$ easy_install cython

2. anaconda ncnonb3ys conda:

$ conda install cython
3. Enthought canopy ¢ nomoubto MeHeaxepa naketos enpkg:
$ enpkg cython

Tak>xe MCXOAHbI KOO MOXHO 3arpy3nTb 13 github n ycTaHOBUTb BPYYHYHO, NCMOMb3YS:

$ python setup.py install

Ubuntu, Debian

Onsg Ubuntu cython NAKETbI cython U cython3 . OBpATUTE BHUMAHME, YTO OHW NPEAOCTaBNA0T
6onee cTapyto BEPCULO, YeM YNOMSIHYTbi€ Bbllie NapameTpbl yCTaHOBKM.

$ apt—-get install cython cython3

Windows

Ona Windows cpaiin .whl, KOTOpbIA MOXET ObITb YCTAHOBNEH C MOMOLLbLIO Pip, MPEeAoCTaBNAETCS
TpeTbei cTopoHoit. MNoapobHble cBeaeHns 06 yctaHoBke dpaiina .whl B Windows MOXHO HalTu
30€echb .

LLlar 2. YctaHoBKa komnungaTtopa C

Ons komnunsuun doannos C, cosnaHHbix Cython, Heobxoaum komnmunstTop ans C n C ++.
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KoMnunsitop gcc pekoMeHayeTcst U MoXeT ObiTb YCTaHOBNEH chnenyowmnm obpasom.

Ubuntu, Debian

build-essential MAKET COAEPXMUT BCe Heobxoammoe. OH MOXeT ObiTb YCTAHOBNEH M3
Peno3nTopreB, UCNONb3YS:

$ sudo apt—-get install build-essential

MAC

NHcTpyMeHTbl pazpaboTymka XCode cogepXxart KOMNUMAATop gcc.
Windows

MinGW (Minimalist GNU gna Windows) conep>XxuT sepcuto gcc gns Windows. Tak>Xxe MOXHO
ncnonb3osaTtb kKomnunatop na Visual Studio.

MNMpuset, Mnp

daiin Cython pyx Heobxoomnmo nepeeecTu Ha C-kog ( cythonized ) n ckomMnmMnupoBatb, Npexae
yeM OoH ByaeT ncnonb3oBatbes ¢ Python. Obwmin noaxon 3akntoyaeTcs B CO3a4aHMM MOLY NS
pacliMpeHns, KOTOPbIA 3aTeM MMMOPTUPYeTCS B nporpammy Python.

Kon

B aTOM npumepe Mbl cospaem Tpu pamna:

* hello.pyx COOEPXUT kog Cython.
* test.py - 9TO CKpMNT Python, KoTopbi ncnonb3yeT pacwupeHue hello.
* setup.py MCNONb3yeTcsa Ang komnunaumm koga Cython.

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):
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"""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)

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))

coCTaBJ/ieHue

OTO MOXHO coenarb, MCNOJIb3YA cython hello.pyx 4TOObI nepesecTn Koo Ha C, a3artem
ckoMnmnunpoBaTtb €ro ¢ NnoMouwpto gee . Bonee I'IpOCTOI7I cnocob - no3eonuTb distutils CnpaBnTbCA C
STUM!

$ 1s

hello.pyx setup.py test.py

$ python setup.py build_ext --inplace

$ 1s

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

daiin obwero o6bekTa (.S0) MOXHO MMMNOPTUPOBATL U MCMONb30BaTb U3 Python, Tak 4To Tenepb
Mbl MOXEM 3aMnyCTUTb test.py :

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

MpounTaiite Hayano pabotkl ¢ cython oHnaiiH: https://riptutorial.com/ru/cython/topic/2925/
Ha4yano-paboTbl-c-cython
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rnaesa 2: Komnnekrtauusa Cython

Examples

O61benunHeHume nporpamMmbl Cython ¢ noMoLllbio pyinstaller
HayHuTte ¢ nporpammbl Cython ¢ To4kum Bxoaa:

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.")

Cospante goanmn setup.py B TON Xe Nanke:

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

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

python setup.py build_ext --inplace €0 C MOMOLWDbHK python setup.py build_ext —--inplace Bbl .pyd
6UbNMOTEKY .pyd B .pyd .

Mocne aToro co3paiite BaHWIbHbIA ckpunT Python ¢ nomouwbio 6nbnmotekn (HaNPUMEp, main.py )
1 NoMecTuTe goanmn .pyd PSOOM C HAM:

import program
program.do_stuff ()

Ncnonbayiite Pylnstaller ons cBA3bIBAHNS €70 pyinstaller —-onefile "main.py" . 9TO CO34aCT
BJTOXXEHHYIO Manky, coaepxallyro UcrnonHsemblin goann pasmepom 4 Mb +, cogepxawmi
61bnnoTeky NNc BPeMSs BbiMONHEHMs python.

ABTOoMartnuyeckas cbopka (Windows)

[ns aBTOMaTU3aLMK BblleyKa3aHHOM npouenypbl B Windows Ucrnonb3yinTe .bat aHaNorM4Horo
COOEepPXMUMOro:

del "main.exe"
python setup.py build_ext --inplace
del "*.c"
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rmdir /s /q ".\build"

pyinstaller --onefile "main.py"

copy /y ".\dist\main.exe" ".\main.exe"
rmdir /s /g ".\dist"

rmdir /s /q ".\build"

del "*.spec"

del "*.pyd"

Jo6asneHne Numpy B KOMMNIEKT

YT106bI ,D,O6aBI/ITb Numpy B NakKeT, NBMEHNTE setup.py C MOMOWbK KNMKOYEBOIO C/NIOBA include_dirs

1 HeobXoAMMO MMMNOPTMPOBATb humpy B cueHapun Python-060104kn NS yBeLOMIEHNS
Pyinstaller.

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 ()

Mpountante Komnnektaumsa Cython oHnanH: https://riptutorial.com/ru/cython/topic/6386/
KoMnnekTaums-cython
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rnaBa 3: KonupoBaHue kopa C

Examples

Ncnonb3oBaHue pyHKLUIA U3 NONb30BaTeNbckon 6ubnmorekmn C

Y Hac ecTb 6ubnnoTeka C C MMEHEM my_random KOTOPAS MPOVM3BOAUT CNyYaiiHble Yicna u3
nonb30BaTeNbCKOro aucTpmnbytmea. OH NpenocTaBnseT ABe PyHKUMM, KOTOPbIE Mbl XOTUM
NCMNOMNb30BATb: set_seed (long seed) U rand () (M MHOrO€ OPYroe HaM He HyXHO). YTobbl
ncnonb3osaTb UX B KNTOHE, HAM HYXHO

1. onpenennTb NHTEpdoenc B danne .pxd n
2. BbI30BUTE (PYHKLMIO B dpanne .pyx.

Kon

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

lMpountante KonupoeaHue koga C oHnamH: https://riptutorial.com/ru/cython/topic/3626/
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KonunpoBaHme-kooa-c
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rnaBa 4: O6rekaHue C ++

Examples

O6TtekaHue DLL: C ++ po Cython mo Python

OT0 OEeMOHCTpUpPYeT HeTpMBUanbHbIi npumep nepeHoca C ++ dll ¢ Cython. OH bynet
oXBaTblBaTb CNeaylolme OCHOBHbIE aTanbl:

» Cospante npumep DLL ¢ C ++ ¢ nomoubto Visual Studio.
e ObepHnTe DLL ¢ nomouwpto Cython, 4tobbl OH MOr 6bITb BbI3BaH B Python.

Mpennonaraetcs, 4to Cython yctaHOBNEH U MOXET yCNeLHO UMNOPTUpOBaTh ero B Python.

Ina atana DLL TakXxe npegnonaraeTtcs, 4To Bbl 3HAaKOMbl ¢ co3gaHmeM DLL B Visual Studio.
[MonHbIA NpUMep BKAOYaeT co3haHne cnenyowmnx gannos:

1. complexFunLib.h : 3Ar0fIOBOYHbIA cpann ong nctoyHuka DLL Ha C ++

2. complexFunLib.cpp . CPP-gpainn ona ncroydmnka DLL Ha C ++

. ccomplexFunLib.pxd : (pain aaronoska Cython

. complexFunLib.pyx : (pann Cython "wrapper"

. setup.py . YCTAHOBOYHbIA pann Python ons co30aHus complexrunLib.pyd C Cython

. run.py : [1pumMep oanna Python, KOTOPbIA UMNOPTUPYET CKOMMUIMPOBAHHY0, 0OEPHYTYIO
Cython DLL

o 01 b~ W

C ++ D L L M CTO Ll H M K : complexFunLib.h M complexFunLib. cpp

lNMponycTtute 31O, €CNM Y Bac yXe ecTb cpann ¢ UCXO0OHbIM Koaom DLL v 3aronoskom. Bo-
nepBbIX, Mbl CO30aeM UCTOYHUK C ++, n3 kotoporo DLL 6yaeT ckoMnuanpoBaHa ¢
ncnonb3osaHnem Visual Studio. B aToM cnyyae Mbl XOTUM BbINOHNTL ObICTPbIE BLIYNCIEHNS
MacCVBOB CO CJIOXHOWM 9KCMNOHEHUManbHOM hyHkumen. Cnenyowme ose OyHKLMN BbINOMHAIOT
BbIYNCIIEHUNE k*exp (ee) HA MACCUBAX k U ee , FAE PE3YNbTaTbl COXPAHAIOTCA B res . CylWeECTBYIOT

IBe (DYHKLMWN AN pa3MeLleHns Kak OAMHOYHON, Tak U ABONHON ToYHOCTU. ObpaTnTe BHUMaHME,

4TO B 3TUX MPUMEPHBIX OYHKUMAX Ucnonbayetcs OpenMP, noatomy ybeaumtechb, 4To OpenMP
BKJ/IIOYEH B napameTtpax Visual Studio gng npoekra.

daunn H

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

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

#include <stdlib.h>

https://riptutorial.com/ru/home

10



// 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);

// 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);

®daun CPP

#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]);

Cyt h O n M CTO I'I H “ K : ccomplexFunLib.pxd M complexFunLib.pyx

3aTeM Mbl co3pnaem ncxoaHble goaiinel Cython, Heobxoammble Ans 060no4ky 6ubnMoTekn C ++.
Ha aTom atane Mbl genaem cneaytouwme npeanonoXeHus:

* Bbl yctanosunm Cython
Y Bac ecTb paboyas DLL, HanpvuMep, onucaHHas Bblwwe
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KoHeyHoOM Lenbio aBnseTcs co3gaHne aTux ncxomHolx goamnos Cython B covetaHum
opurmnHanbHoi DLL gong komnunsauum doanna .pyd KOTOPbIA MOXET OblTb MMNOPTMPOBAH Kak
moaynb Python n packpbiBaeT pyHKUUKM, HAaNUcaHHble Ha C ++.

®daun PXD

9710T hain cooTBETCTBYET 3arofioBOYHOMY doainy C ++. B 60NbWNHCTBE CNy4yaeB Bbl MOXETE
CKOMUPOBaTb-BCTaBUTb 3ar0fIOBOK B 3TOT (paiiN C HE3HAYUTENbHBIMK CMELNENYECKNMU
n3meHeHmsamm B Cython. B aToM cnyyae ncnonb3oBanncb KOHKpPETHble TuMbl komnnekca Cython.
ObpaTtnTte BHMMaHWe Ha nobaBneHne c B Ha4ane ccomplexFunLib.pxd . 9TO HEOOA3aTENbHO, HO Mbl
obHapy>Xunnu, 4To Takoe cornaweHme ob uMeHax NnomMoraeT NoaaepPXnBaTb OpraHN3aLmio.

cdef extern from "complexFunLib.h":
volid 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);

dann PYX

9710T harin cooTBETCTBYET UCXOAHOMY doainy C ++ cpp . B 3TOM npumepe Mbl byaem nepenasatb
ykasaTenu Ha 06bekTbl NUMpY ndarray Ha pyHKumMm DLL nmnopTa. Takxe BO3MOXHO
NCMNONb30BaTb BCTPOEHHbIN 00 bEKT memoryview Cython ons MaccuBoB, HO €ro
NPON3BOANTENBHOCTb MOXET ObiTb HE TAKON XOPOLWeW, KaK 0O beKTbI ndarray (OAHAKO CUHTAKCUC
3Ha4YNTESIbHO YnLe).

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_c4d (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):

TODO: Python docstring

LI

# 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,
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int threads) :

TODO: Python docstring

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

Python UCTOYHMK: sctup.py W run.py

setup.py

971071 oaiin npeacrtaensiet cobort dhan Python, koTopblii BbiNonHSeT komnunsumo Cython. Ero
Lenb - CreHepunpoBaTh CKOMMUIMPOBAHHBIA alin .pyd KOTOPbLIA 3aTEM MOXET OblTb
MMNOPTUPOBaH Moy naMu Python. B aToM npuMepe Mbl CoxpaHunm Bce Heobxoanmble doainbl
(T.e. complexFunLib.h , complexFunLib.d1ll , ccomplexFunLib.pxd Wl complexFunLib.pyx ) B TOM X€

Katanore, 4170 U setup.py .

MNocne co3paHusa aTOro goparnna oH OOJIXEeH 3anyckaTbCs N3 KOMaHOHOM CTPOKM C napameTpamu:

build_ext --inplace

Kak Tonbko aT0T hain 6yaeT BbINONHEH, OH OONIXEH co3aaTth ain .pyd 6e3 kakux-nmbo
ownbok. ObpaTnTe BHUMAHWE, YTO B HEKOTOPbIX CyYasix, €CNn eCTb OwmnbKa, MOXeT BbiTb
CO3[LaH .pyd , HO HefencTBnTENEH. Y6eamnTech, YTO NPU .pyd setup.py HE ObIIO OWMOOK Npw
NCMNONb30BaHNN CreHEPUPOBAHHOIO .pyd .

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

Tenepb complexFunLib MOXET OblTb UMNOPTUPOBAH HEMOCPELCTBEHHO B MOAy b Python u
Bbl3BaHbl CBA3aHHble oyHKLUM DLL.

import complexFunLib
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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)

Mpountaiite ObTekaHne C ++ oHnawH: https://riptutorial.com/ru/cython/topic/3525/06TekaHne-c-

plusplus
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