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[TociegoBaTesibHOE BBINIOJIHEHUE

print ’hello, world!’
x =1

y = 2

print x +y




[IponsBomuTEeIHHOCTD

(] HpOI/ISBO,ILI/ITGJIbHOCTI) ~ JaCTOTa IIpoIeccopa



[TponsBoanTEIHLHOCTD

o [IpousBoUTE/IHBHOCTH ~ YaCTOTa ITPOIECCOPA
o Orpannvenne pocTa J9acTOTHI

o EcTb BOBMOXKHOCTD J1€/1aTh MHOTO ITPOIIECCOPOB



byiokupyiomune 3a1a9u

Oxuanne J1eiicTBHiA

o lcronnenne IIpUOoCTaHaBJIMBaCTCH.

@ MoxkHO ObLIO OBl YTO-HUOY/IH JIe/IaTh.



byiokupyiomune 3a1a9u

Oxuanne J1eiicTBHiA

o lcronnenne IIpUOoCTaHaBJIMBaCTCH.

@ MoxkHO ObLIO OBl YTO-HUOY/IH JIe/IaTh.

[Tpumepsr:
o IlonbzoBaresbekue nHTEpdEch (0KUTaHTEe BBOJIA).

e Pabora c cernlo.



HapaﬂﬂeﬂbHOe BDIIIOJIHCHUEC

[TpenmytecTBa

@ YCKOpeHHe R2 9HCJIO MPOIECCOPOB
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IIapaﬂﬂeﬂbHOGIﬂﬂHOﬂHeHHG

[TpenmytecTBa

@ YCKOpeHHe R2 9HCJIO MPOIECCOPOB

Henocrarkn

e Her «IIOpsAJdKa» MCIIOJITHEHUA

text = ’hello, world!’

for s in text: for s in text:
do_smth() do_smth ()
sys.stdout.write(s) sys.stdout.write(s)

hheelllol,o w,or 1ld!world!

6 /45



MHuoromnorodHbie TPporpaMMbI



HecKoJIbKO IIOTOKOB

Process

Memory
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[Tojroroska

def test(part_index, inputs, outputs):

output = inputs[part_index] *x* 2
outputs [part_index] = output

SIZE = 5
inputs = range(SIZE)
outputs = [None for i in inputs]



Monyib threading

from threading import Thread
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Monyib threading

from threading import Thread

threads = []
for i in range(SIZE):
t = Thread(target=test,
args=(i, inputs, outputs))
threads.append (t)
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Monyib threading

from threading import Thread

threads = []
for i in range(SIZE):
t = Thread(target=test,
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threads.append (t)

for t in threads:
t.start()
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Monyib threading

from threading import Thread

threads = []
for i in range(SIZE):
t = Thread(target=test,
args=(i, inputs, outputs))
threads.append (t)

for t in threads:
t.start()

for t in threads:
t.join()
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Monyib threading

from threading import Thread

threads = []
for i in range(SIZE):
t = Thread(target=test,
args=(i, inputs, outputs))
threads.append (t)

for t in threads:
t.start()

for t in threads:
t.join()

print outputs

(0, 1, 4, 9, 16]

10 /45



Hacnenopanne ot Thread

class TCalc(Thread):
def __init__(self):
super(TCalc, self).__init__Q)
self.status = ’starting...’
def run(self):
time.sleep(1)
self.status = ’done’
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HacneyioBanne or Thread

class TCalc(Thread):
def __init__(self):
super(TCalc, self).__init__Q)
self.status = ’starting...’
def run(self):
time.sleep(1)
self.status = ’done’

t = TCalc()
t.start()
print t.status
t.join()

print t.status

starting. ..
done

11 /45



[IpoBepKka cocTosTHIA

Metron Thread.is_alive()

t = TCalc()
t.start()

print t.is_alive()
t.join()

print t.is_alive()

True
False



[IpunynuTenbias 0CTAHOBKA ITOTOKa,

o Ilorok MOXKeT comepxKaTh PeCypPChl, KOTOPhIE HYZKHO
0CBOOOIUTD
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[IpunynuTenbias 0CTAHOBKA ITOTOKa,

o Ilorok MOXKeT comepxKaTh PeCypPChl, KOTOPhIE HYZKHO
0CBOOOIUTD
e Her cnenumanbhoii hyHKIMK 111 OCTAHOBKY
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[TpumnynnTenbnas ocTaHOBKa MOTOKA

o IToTok MOXKeT CcomepxKaTh PECypPChl, KOTOPhIE HYZKHO
0CBOOOIUTD

e Her cnenumanbhoii hyHKIMK 111 OCTAHOBKY

@ MOKHO caMOCTOSATE/IBHO JIeIaTh TaAKYH BO3MOYKHOCTD

class KillableThread(Thread) :
def __init__(self):
super(TCalc, self).__init__()
self.killing = False
def run(self):
for i in range(5):
if self.killing:
break
time.sleep(0.2)
def kill(self):
self . killing = True

13 /45



DKCIIEPUMEHT CKOPOCTH

o CPU-intense BulunciieHnd

e 4 mporeccopa

Dxkcniepument | Bpems
OObI4HBIN 3aITyCK 42¢
2 1oToka 65¢
4 oToka 80c

Yro npoucxonut?




GIL

(CPython)
Global Interpreter Lock



GIL

(CPython)
Global Interpreter Lock

o Ko sipa HEKOPpeKTeH I HECKOJIBKHUX ITOTOKOB
(3aro GbICTPO paboraeT i OJHOrO!)



GIL

(CPython)
Global Interpreter Lock

o Ko sipa HEKOppeKTeH JIjIs HECKOJIbBKIX TOTOKOB
(3aro GbICTPO paboraeT i OJHOrO!)

o GIL me maer ogHOBpEMEHHO UCIIOJHATH HECKOJIBKO
IIOTOKOB s1JIpa.
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GIL

(CPython)
Global Interpreter Lock

o Ko sipa HEKOppeKTeH JIjIs HECKOJIbBKIX TOTOKOB
(3aro GbICTPO paboraeT i OJHOrO!)

o GIL me maer ogHOBpEMEHHO UCIIOJHATH HECKOJIBKO
IIOTOKOB s1JIpa.

o [loTok «3axBaTbhIBaeT» MHTEPIEPTATOP HA KOPOTKOE
BpeMsI.

o [locsre 0cBOOOXKIEHNST 9TO MOXKET C/IeJIaTh JIPYTOi
IIOTOK.

Sagem nyxen GIL?

o CropocTh OJHOMOTOYHBIX mporpaMm <— GIL



VcnoJib3oBaHue 1I0TOKOB

3a/1aqu, KOTOPbIE ITPOBOJIAT MAJIO BPEMEHHU «BHYTPH SIPas.

o Uurepdeiicnr
e Pabora c cernio
e BBou/BbiBOJ

o Bremnue 6ubsmorexku
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[TapaJiiesbHbIe IPOIECCHI
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HeckoabKo 1mporieccon

Process3

Memory

\\\\\\\\\\\\\\\

Process2

Memory

\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\

Processl

Memory

\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\
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Monyib multiprocessing

from multiprocessing import Process

def f(name):
print ’hello’, name

p = Process(target=f, args=(’world’,))
p.start )
p.join()

hello world
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Monyib multiprocessing

from multiprocessing import Process

def f(name):
print ’hello’, name

p = Process(target=f, args=(’world’,))
p.start )
p.join()

hello world

OOMeH JaHHBIMMU:

@ mulitprocessing.Queue

@ mulitprocessing.Pipe

19 /45



multiprocessing.Pool

from multiprocessing import Pool

def calc(value):
return value ** 2
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multiprocessing.Pool

from multiprocessing import Pool

def calc(value):
return value ** 2

p = Pool(processes=4)
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multiprocessing.Pool

from multiprocessing import Pool

def calc(value):
return value ** 2

p = Pool(processes=4)

results = p.map(calc, range(10))
print results
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multiprocessing.Pool

from multiprocessing import Pool

def calc(value):
return value ** 2

p = Pool(processes=4)

results = p.map(calc, range(10))
print results

(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

20 /45



Orpannvennsg multiprocessing

def calc_parallel(values):
def calc(value):
return value *x 2
p = Pool(processes=2)
return p.map(calc, values)



Orpannvennsg multiprocessing

def calc_parallel(values):
def calc(value):
return value **x 2
p = Pool(processes=2)
return p.map(calc, values)

calc_parallel(range(10))

(OmmbKa, CKopee BCEro ¢ 3aBHCAHHIEM )



Orpannvennsg multiprocessing

def calc_parallel(values):
def calc(value):
return value **x 2
p = Pool(processes=2)
return p.map(calc, values)

calc_parallel(range(10))

(OmmbKa, CKopee BCEro ¢ 3aBHCAHHIEM )

o lmmopTupyet Tekymuii daiin

e Bce mapamerps! j10/1kHBI OBITH «picklable»
(M. momynb pickle)



Brennne nporiecchl
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[Tpocroit criocob

import os

print os.system(’1ls’)
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[Tpocroit criocob

import os

print os.system(’1ls’)

0

23 /45



Mony/ib subprocess

import subprocess

subprocess.check_output (
[’echo’, ’hello, world’])

’hello, world\n’



Mony/ib subprocess

import subprocess

subprocess.check_output (
[’echo’, ’hello, world’])

’hello, world\n’

subprocess.check_output(’exit 1’, shell=True)

CalledProcessError: Command ’exit 1’ returned
non-zero exit status 1



Koncrpykrop Popen

p = subprocess.Popen([’echo’, ’hi’])



Koncrpykrop Popen

p = subprocess.Popen([’echo’, ’hi’])
p.communicate()

(None, None)
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KonctpykTop Popen

p = subprocess.Popen([’echo’, ’hi’])
p.communicate()

(None, None)

p = subprocess.Popen([’echo’, ’hi’],
stdout=subprocess.PIPE)
p.communicate()

(’hi\n’, None)

N
w



KonctpykTop Popen

p = subprocess.Popen([’echo’, ’hi’])
p.communicate()

(None, None)

p = subprocess.Popen([’echo’, ’hi’],
stdout=subprocess.PIPE)
p.communicate()

(’hi\n’, None)

p = subprocess.Popen([’cat’],
stdout=subprocess.PIPE,
stdin=subprocess.PIPE)

p.communicate(’sample text’)



KonctpykTop Popen
p = subprocess.Popen([’echo’, ’hi’])

p.communicate()

(None, None)

p = subprocess.Popen([’echo’, ’hi’],
stdout=subprocess.PIPE)
p.communicate()

(’hi\n’, None)

p = subprocess.Popen([’cat’],
stdout=subprocess.PIPE,
stdin=subprocess.PIPE)

p.communicate(’sample text’)

(’sample text’, None)



OMmyJisinyg pipeline

Popen([’echo’, ’quwerty’], stdout=PIPE)
Popen([’tr’, ’q’, ’z’], stdin=pl.stdout,
stdout=PIPE)

pl
p2
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OMmyJisinyg pipeline

Popen([’echo’, ’quwerty’], stdout=PIPE)
Popen([’tr’, ’q’, ’z’], stdin=pl.stdout,
stdout=PIPE)

pl
p2

pl.stdout.close()
print p2.communicate()

(’zwerty\n’, None)



Pacmmpenns na C

27 /45



3adeM IUcaTh paciiupeHns?

e Bbubsmmoreku, yxe nanucanubie na C/C+-+

o DbdeKTuBHOCTH



QyHKIIS THKPEMEHTa

def increment (x):
return x + 1

29 /45



Nnkpement na C++
examplemodule. cpp

#include <Python.h>
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Nnkpement na C+-+
examplemodule. cpp

#include <Python.h>

static PyObject* example_increment (
PyObject* self, PyObject* args)
{
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Nnkpement na C+-+
examplemodule. cpp

#include <Python.h>

static PyObject* example_increment (
PyObject* self, PyObject* args)
{

int value;

if (!PyArg_ParseTuple(args, "i"
return NULL;

}

, &value)) {
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Nnkpement na C+-+
examplemodule. cpp

#include <Python.h>

static PyObject* example_increment (
PyObject* self, PyObject* args)
{

int value;

if (!PyArg_ParseTuple(args, "i", &value)) {
return NULL;

}

int result = value + 1;
return Py_BuildValue("i", result);

30 /45



Perncrpanus ¢ynximm

static PyMethodDef ExampleMethods[]
{"increment",
example_increment,
METH_VARARGS,
"Increment an integer value
{NULL, NULL, O, NULL} /*
I

Il
~

by one."},
Sentinel */



Perncrpanus ¢ynximm

static PyMethodDef ExampleMethods[]
{"increment",
example_increment,
METH_VARARGS,
"Increment an integer value by one."},
{NULL, NULL, O, NULL} /* Sentinel */

Il
~

+s

PyMODINIT_FUNC initexample() {
Py_InitModule("example", ExampleMethods);
+



Coopka MOTyJIsI

setup.py
from distutils.core import setup, Extension
module = Extension(’example’,

[’ examplemodule.cpp’])
setup (ext_modules=[module])



Coopka MOTyJIsI

setup.py
from distutils.core import setup, Extension
module = Extension(’example’,

[’ examplemodule.cpp’])
setup (ext_modules=[module])

Baryck cO0pku (B TEKYILYIO JUPEKTOPHIO):
$ python setup.py build_ext -i



[Ipumep paboThI

>>> from example import increment
>>> increment (1)
2
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[Tpumep paboThb

>>> from example import increment
>>> increment (1)
2

>>> increment(’hi’)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: an integer is required

>>> increment (1, 2)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: function takes exactly 1 argument
(2 given)



OmunbdKu

static PyObject* example_divide(

{

PyObject* self, PyObject* args)

int numerator, denominator;

if (!PyArg_ParseTuple(args, "ii",
&numerator, &denominator))

{
return NULL;

int result = numerator / denominator;
return Py_BuildValue("i", result);



OmunbdKu

>>> from example import divide
>>> divide(5, 2)

2

>>> divide(1, 0)

omnrubKa ¢ maJieHueM UHTEPIPETaTopa



Ob6paboTKa ommboK

static PyObject* example_divide(
PyObject* self, PyObject* args)
{

if (denominator == 0) {
PyErr_SetString(PyExc_ZeroDivisionError,
"Cannot divide by zero.");
return NULL;
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Ob6paboTKa ommboK

>>> from example import divide
>>> divide(1, 0)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ZeroDivisionError: Cannot divide by zero.



Pabora co crimckaMn

static PyObject* example_sort(
PyObject* self, PyObject* args)
{
PyObject* input_list;
if (!PyArg_ParseTuple(args, "0",
&input_list))
{
return NULL;
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Pabora co crimckaMn

static PyObject* example_sort(
PyObject* self, PyObject* args)
{
PyObject* input_list;
if (!PyArg_ParseTuple(args, "0",
&input_list))
{
return NULL;
}

if (!PyList_Check(input_list)) {
PyErr_SetString(PyExc_TypeError,

"Expected a list.");

return NULL;

38 /45



Pabora co crimckaMn

Py_ssize_t size = PyList_Size(input_list);
std: :vector<double> values;
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Pabora co crimckaMn

Py_ssize_t size = PyList_Size(input_list);
std: :vector<double> values;

for (Py_ssize_t i = 0; i < size; ++i) {

PyObject* val = PyList_GetItem(
input_list, 1i);
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Pabora co crimckaMn

Py_ssize_t size = PyList_Size(input_list);
std: :vector<double> values;

for (Py_ssize_t i = 0; i < size; ++i) {
PyObject* val = PyList_GetItem(
input_list, 1i);

if (!PyFloat_Check(val)) {
PyErr_SetString(
PyExc_TypeError,
"The list contains non-double.");
return NULL;

values.push_back(PyFloat_AsDouble(val));

39 /45



Pabora co crimckaMn

static PyObject* example_sort(
PyObject* self, PyObject* args)
{

std::sort(values.begin(), values.end());
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Pabora co crimckaMn

static PyObject* example_sort(
PyObject* self, PyObject* args)
{

std::sort(values.begin(), values.end());

PyObject* result_list = PyList_New(size);
for (Py_ssize_t i = 0; i < size; ++i) {
PyObject* val = PyFloat_FromDouble(
values[i]);
PyList_SetItem(result_list, i, val);

return result_list;

10 / 45



Bosmozkabie mpodieMbl

void bug(PyObject *list) {
PyObject *item = PyList_GetItem(list, 0);
PyList_SetItem(list, 1, PyInt_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! %/



Biajienne ceblikaMu Ha 00bEKTbI

Buanenne

e Hy»kHO yIa/JuTh CCHUIKY 1O OKOHYaHUU PabOTHI

@ OOBeKT He yHAINTCs, TIOKA eCTh CChLIKA



Biajienne ceblikaMu Ha 00bEKTbI

Buanenne

e Hy»kHO yIa/JuTh CCHUIKY 1O OKOHYaHUU PabOTHI

@ OOBeKT He yHAINTCs, TIOKA eCTh CChLIKA

Onaxkusanue

e He nyxno ynamaro

@ MOKHO 1I0JIb30BAThCA TOJILKO IIOKa “OJa >KIBaOIast
CCBLIIKA, YKIBA



YiaJjieHne CChbLIOK

PyList_SetItem(list, 1, PyInt_FromLong(OL));
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3axBaT BJAJEHUs

void no_bug(PyObject *1list) {
PyObject *item = PyList_GetItem(list, 0);
Py_INCREF(item);

PyList_SetItem(list, 1, PyInt_FromLong(OL));
PyObject_Print(item, stdout, 0);
Py_DECREF (item) ;



Pacmnpenuns na C/C++: apyrue crocobObl

e Bubsmoreka ctypes (cranjgapraas GuOIHOTEKA)
e SWIG [ccpuikal

e Boost.Python [ccoiikal


http://www.swig.org/
http://www.boost.org/doc/libs/1_49_0/libs/python/doc/

