
痥 14畍
Pythonך넝鸞⻉גְאח

76㔐欰 סתסת
14.1 ח׭ׄכ

76㎇气׌ךרױרױס (^^Ԕ.דױ焒׵כ׆ַם׼㝂ַֽׂ׊؀׻ךס꿈ַ׌ױ׊.
מ╭ע⦛ Pythonךס׾ַיז❈؅,Pythonיַחמ剹כֹ׆䘼ס׆ךסגז⫐㵼ג׊ױ׊מ.
Python؅ء٤ِٚءٞو׷☭ַםֿכ׆גז❈؅焒׵ך☭ַם׼,긖溮כִםדֹא䘼׼ג׿ׂיז㯹׌ךַ׊.
杅ע☭ַםֿכ׆ג׊؅ء٤ِٚءٞوמ Python׼־㢼׌ױ׊״⳹؅ֽכ׆׾״ (^^Ԕ
׽ם׀ַ C阋靣*1׷ Java(̧ء٤ِٚءٞو阋靣חכץס)׼־לם׼־㢼כ׾׌כֹ׻״,곓׿׊׵־ֹױ׊י״׼׀ֵיׂ׊
.؆׎ױ

Python׼ם⮴䖥脢םֹ׻ַ׌׷׽־؂׵ך祔ⷃם倀岺ךסם,祔ⷃמ㢼׌ױ׿׼״.
!׌ך劄ꁿ☭宜״ג׾׎־气׵מלם塌唩㳔肪,״ג׾׀ך׵כ׆ם둚䍲םֹ׻ס阋靣ס♑؆؀ה׵
♀㎇ס׆ע阋靣סむ┞ס姊掾סւꅋ䍲ֿꆬַփ؅כ׆⩴劚״ג׾׌,둚ꅋⵊיַחמ剹כֹ׆䘼ַ׌ױ.
Pythonֿ־ס׵ַֹֹל焒ַם׼偙׵潨؅ꄼ׼גׄדגַי׊㯹׌ךַ׊.
寽...ךסַםꩽׂמם؆א

14.2 ׈ז Pythonכ鹼ְך??

Pythonֿꆬַ槏氮׌ױ׽ֵ־חַׂע.

הֿ׷֮ד㘗鎉铂ةٔف٦ةٝ؎
Pythonذٛو٭ذ٤ؕע㒘阋靣יזַכ㵅鉿מ׀כ׾׌┞鉿ח׍塌唩靣מ脌陹׌ױ׀ַי׿׈.
ךסם C阋靣ٜؕق٤ؤסלם㒘阋靣*2׽ם־י׬׼ׂכꅋ䍲ֿ⛼┫׌ױ׊ (; rĪ )

㢌侧㹑鎉ְָז
Pythonעך㜟俙㵋阋 (㒘؅僻牞מ銨阾י׊,㜟俙؅❈氠כ׆׾׌)ֿ┮锡ך╚סغ٭ؤت٭خ׽ם׀ַ,ך偆ַ׊㜟俙؅❈氠׾׌
.׌ױ׀ךֿכ׆
˟㜟俙עכ⡑ (俠俙,倀㲻⮬לם...)؅⟛㲽׾׌硟ס׵םַגײ .׌ױ䟨⽱ֿꇙַעכ㜟俙ס俙㳔.׌ך(?)
㎋⸮׾םꆬׂ̧.׌ױ׿鉿؂ֿؠشؘز嬐㎇㒘ך✑亣גז❈㜟俙؅ךסם
罋㻊
.׌ךח◝ג䮕ׅמ׆׆ע槏氮ם╭,ֿ׌ױ׽槏氮ֵֿס؆׈ׂג׵מ㜽♧׿׆

*1 C阋靣ء٤ِٚءٞو׾ֵ׼־ׂ⺜עכ阋靣ס׿א.׌ך䬺䒟曫מ䓜ֿס׾ג C++׼־׿׆ך Java,C#סלם阋靣ֿ✑׌ױַי׿׼.Pythonע C阋靣ך
.׌ױַי׿׼✑

*2 ٜؕق٤ؤעך㒘阋靣ٜؕق٤ؤ,י׊㸐מס׾׿ׂי׊脌陹ח׍鉿┞עך㒘阋靣ذٛوذ٤ؕ.׌ךכ׆׾׌脌陹מ؅塌唩靣غ٭ؤג׿־剹עכٜؕق٤ؤ
.׌ךס׾ׂיזꫀ؂׵מꅋ䍲ֿ׿׆.׌ױ׿׈脌陹מ׀זַ׽׻מꇃ瓦ַֹכ
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痥 14畍 Pythonך넝鸞⻉גְאח 14.3 넝鸞⻉ג׃ֲוכךְ׋׃??

(...ֺנ־׌ךַם׀ךꅋׂי׊־מֹל

14.3 넝鸞⻉ג׃ֲוכךְ׋׃??

粸׶鵤ך׃Ⳣ椚ָ鹼ְ!!

槏氮و٭ٜמח┞ס⭦槏 (繪׽ꂉס׊⭦槏)ֿꆬַ׌ױ׽ֵֿכ׆.㒘䭰㴻؅鉿و٭ٜ,ךַ׎ַם؂免׵מ㒘ֿؠشؘزס䖩锡כ
.נ׌ך؆׾םꆬׇׂׂ׌יזם

14.4 ַך׷ׅ⻉넝鸞ג׏װֲו,כד
ֹ׺׊ך䘼ֹ,כ??ס׾םꅋֿׂס׵ꆬַף׿׌ֹל (㝂⮔.
׊־׊ Pythonךױױס둚ꅋⵊ׾׌偙岺ֵֿ׌ך؆׾.
˟ꅋ䍲阛廠欎㘶
[pc]:CPython&C++:Windows 10,Cython&PyPy:Ubuntu,[Python]:Python3.7
˟嬟鼛מ❈ֹ Pythonغ٭ؤס

cpython.py
from time import time
def mf():# ꟼ侧ך㹀纏

a=0;
for i in range(100000):
a+=1;

st=time();
mf();
en=time()
print("%s[sec]"%(en-st));
if __name__=="__main__":# ㄎ׵׋׸ׁ⳿ן㹋遤ׅ׷

mf()

ꅋ䍲ע 0.0047[sec]ג׊ך.
˟ CPythonעכ Cג׿׼✑ך Pythonֿ׿׆,ךכ׆סꄼ䊬ס Python׌ך.
עמ㜽♧׿׆ RPython׌ױ׽ֵֿלם.
(Cמס׾ַי׿׼✑ךꆬַעס等䕑ַםַם־

NumPy׾⢪ֲ!!

NumPyٛٚهַֹؕٚכ .׌ױ׽ֵֿ(׾׀ך氠❈塌茣؅סאךכ׆׳ꁎײ؅鞅׿׆)
עٛٚهؕٚס׆ C阋靣׌ױַי׿׼ׂחך.(ꅋַ槏氮)
!!׌ױ׀ךֿכ׆鉿ֹמ둚ꅋ׵לם阛砯ם둚䍲כ׾׌氠❈؅׿׆

㼪Ⰵ倯岀 (NumPy)
pipغ٤ُؤ (Python׼־عو٤ٞوغ٤ُؤ,כ׾׌غ٭٤ٞؗر؅❈氠׌ױ׀ך)יז❈؅ pip install numpy ׾ֻ❈ך
!!נ׌ך祔ⷃ).׌ױ׽םמֹ׻
י׊א import倀 (䖩锡؅ٛٚهؕٚם鞅ײꁎغ٭ؤ׳)ך import numpy .׌ױֻ❈כ׾׌כ

鎘庠 (NumPy)
阛砯מꮹס־׮,״ג׾׿׼偙岺סכ嬟鼛׎ױ׀ךע؆.姌מס劻䔵ֹ׺׊ױ׊)

Numba׾⢪ֲ
姌ע Numbaٚؕסٛٚه JIT3؅*ٜؕق٤ؤ❈ֹ偙岺׌ך.
מ╭עך偙岺ס׆ NumPy؅䪒ֿّٚءٞوגז㝕䋀מ둚ꅋⵊ׌ױ׊.JIT䪫銉׌ױ׿׈ٜؕق٤ؤיז❈؅.̧ꅋַ⸮㎋
*3 JIT ך甦┞ס䪫銉ٜؕق٤ؤעכ Java(ء٤ِٚءٞو阋靣) .׌ױַי׿׈䱰氠ךלם ゼַֹכꆬַֿךױ㵅鉿ꪛ㢼ֿ׌ױ׽םꅋׂעꅋ䍲ס䔿ٜؕق٤ؤ
꾴ֵֿ׌ױ׽.
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痥 14畍 Pythonך넝鸞⻉גְאח 14.4 ַך׷ׅ⻉넝鸞ג׏װֲו,כד
NumPy׽ױֵעךّٚءٞوַם؂❈؅ⲯ卸ֿو٭ٜ,ֿ׌ױ׽ֵֿכ׆ַם⭦槏עס׵׾ֵסꅋׂ׌ױ׽ֵֿכ׆׾ם.

㼪Ⰵ倯岀 (Numba)
pipיז❈؅غ٤ُؤ pip install numba יז❈4؅*ذ٭ٝؤظ.׌ױ׽םמֹ׻׾ֻ❈ך

jit_.py
from numba import jit# import numbaדꟼ侧⵸ד@numba.jit׮דok
@jit
def mf():# mf ׾ꟼ侧せְ׋׃㹀纏כח

# ....

.׌ױ׿׈ٜؕق٤ؤꫀ俙ֿסאך蔦ⳛכ׾׌כ

岣䠐 (Numba)
Numbaס JITסך┪ֹ❈؅峜䟨ע┞㎇潨עꅋׂ׌ךכ׆ַם׼ם.
◝㎇潨♧ꮳ׊⮂צ⽿ס免מך׌עמ┞㎇潨״ג׾ַי׿׈ٜؕق٤ؤמ׀כס,ꅋׂ⭦槏؅鉿ֻנלׄ׌ױ.

鎘庠 (Numba)
阛廠׌٭ױ׊!

numba_.py
from time import time
from numba import jit
@jit
def mf():

a=0;
for i in range(100000):
a+=1;

st=time();
mf();
en=time()
print("%s[sec]"%(en-st));
if __name__=="__main__":

mf()

ꅋ䍲ע Python:0.0047[sec],Numba:0.0674[sec]
׽ע׷.ג׊ך؆׎ױ׽םꅋׂ׼ֿם媘䗻ךכ׆ַֹכ NumPy氠ִם־סם...
蔦⮔蔦麃؅עס׾ַיׄח؅"_"מ劄䔿ס⻏ٜؕؒن˟ Numba ך״ג׾׌מֹ׻ַםױꁎײ鞅י׊כٛٚهַֹؕٚכ
;^^ךסַם偙ֿ׀剹׾ׄ⮔䍲؅⩰⨲עךPython.׌

Cython׾⢪ֲ!!

־כ!ׄד阛砯עךױ♀ NumPyֿג׊ךלם!ׄדס׵גז־ח؅,♀㎇׵מّٚءٞوםֹ׻סלעꈌ氠י׀ךꅋַ׌ך!!!
Cythonע┞甦ء٤ِٚءٞوס阋靣׊־׊.׌ך Pythonסכ둚ַ◦䳕䙎ֵֿ׽,㝂ׂ׌ױֻ❈׵ךױױסאעغ٭ؤס.
Cythonֿ׏םꅋׂגױ.׌ך׼־׾׌ٜؕق٤ؤ,כַֹכ־ס׾ם㒘䭰㴻 (㜟俙㵋阋)׌ױ׀ך׵.
劳ײꄼס׽筶冔ַ׊׼阋靣ֺנ׌ך (眞)
Python׵ٛٚهؕٚס䋀䌮ׂ㸐䗎׌ך⯈➬׽ֽי׊.

㼪Ⰵ倯岀 (Cython)

pipיז❈؅غ٤ُؤ pip install cython ׌ך硄槏脢埫ꮹֿ䖩锡˟.׌ױ׽םמֹ׻׾ֻ❈ך
؅غ٭ؤג׊阾ꃍ׍ױ,כַֹכ־ס׾ֻ❈כ׾׌מֹ׻סל .pyx .׌ױ׊㲽⟛ך䬺䒟㲳ַֹכ
䔿סא cython mf.pyx ך .c (؅䭰㴻ٜؕؒنס䟨⚈עמmf.pyx).׌ױ׊㜟䳕מٜؕؒن
ג׿׈气䧯יז׻מ׿׆,מ׼׈ .c ؅ٜؕؒن C5؅*ٚؕق٤ؤס❈氠י׊ .pyd (Mac,Linuxעך .so .׌ױ׊ٜؕق٤ؤמ(

*4 ך⯼ס㴻聋סꫀ俙עכذ٭ٝؤظ @mf (mf (⻏ꫀ俙ס䟨⚈עמ ,ךכ׆׾׌כ .׌ךַ׊׼塌茣׾׀ך塌茣؅紬겏מ׍䳕ֻ׀潲䱸剹מꫀ俙סא 祔ⷃמ阋ֹכ
׌ך׋䠊םַגײ׾׌ꫀ俙؅㵅鉿׾ֵ׼־י׊ꫀ俙؅㵅鉿׾ֵ (✍阛גזםׂם׼־؂מ!?. ꫀ俙ףֻכג func ꫀ俙כ mf .׌ױ׊כ׾ֵֿ ꫀ俙 mf 㴻聋ס
ך⯼ס @func ׽ף׍,כ׾׌כג剹ַכ func(mf()) ...ַ׊鞃僻곓(.׌ױ׽םמכ׆׋⻎כ

*5 C עכٚؕق٤ؤ C 阋靣׷ C++ ג׿־剹ך .c ס㵅鉿䓺䑑י׊ٜؕق٤ؤ؅ٜؕؒن .exe .׌ױ׊מٜؕؒن 塌唩מ宜┞؅غ٭ؤג׿־剹ע槏⭦ס׆
靣מ脌陹מ╭.׌ױ׊ GCC׷ٚؕق٤ؤסלם Visual Studioסלם糹⻉ꪛ溪欎㘶ֿכ׆ֹ❈؅㝂ַ׌ך.
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痥 14畍 Pythonך넝鸞⻉גְאח 14.4 ַך׷ׅ⻉넝鸞ג׏װֲו,כד
׼־Python,׽׻מ׿׆ importךׄד׾׌祔ⷃ׾ֻ❈מ넝鸞׌ױ׀ךֿٔٓـ؎ٓז.
.׌ךٛٚهؕٚ׾׀ך氠❈׼־לםC,Python,ַַכٛٚه劔ٚؕ⪳עٜؕؒنס׆
(Jupyter Notebook*6יז❈؅㸐需溷מ Cython؅❈氠ס׆.׌ױ׀ך׵כ׆׾׌㖪⻉,蔦⮔׾׌ٜؕق٤ؤך䖩锡׎ױ׽ֵע؆)
Cython⪪䑑عؕئ
⾔陹ג׿׈ Cythonع٤ْٖ؞غ (㸴׌ךַ⺜׊)
!׌ױ׊♃偙岺؅箩סח┞ֹ׵,ךסגזםכ٭ؙٚעך偙岺ס阾┪עך欎㘶ס⩧䩘ֿ׌ךסגז䘼כ箽؂؀ֹ,ך

setup.py
from distutils.core import setup
from distutils.extension import Extension
from Cython.Distutils import build_ext

ext_modules = [Extension("mf", ["mf.py"])]
setup(
name = 'mf',
cmdclass = {'build_ext': build_ext},
ext_modules = ext_modules

)

ס㵼⫏םֹ׻ס׆ setup.py؅氠䟨׌ױ׊.
׊瓌ⳛמرؚٜنסא׼־عو٤ٞوغ٤ُؤי׊א (cd؅غ٤ُؤ❈氠)י, python setup.py build_ext --inplace כ
⪜ⲇ׌ױ׊.
,כ׾׌ .py ׼־ٜؕؒن .pyd עגױ .so !!׌ױ׀ך潲䱸㜟䳕מ
˟ Visual Studioֿؕ׾ַי׿׈ٜ٭عت٤䖩锡ֵֿ׌ױ׽.
(;;) (...ׂם䖥ꏕׇךס׌ױ׀ךע㕈勓)-ִד؆ַם׀ך偙╋ך؆ם

鎘庠 (Cython)

Cython؅غ٭ؤס׆ך㵅鉿׌ױײי׊.

cython.pyx
from time import time
def mf():

a=0;
for i in range(100000):

a+=1;
st=time();
mf();
en=time()
print("%s[sec]"%(en-st));
if __name__=="__main__":

mf()

˟媘䗻מכ׆ם cython mf.pyx ؅㵅鉿מ׀כג׊ language_level .ג׊ױ׊溪气ֿ٭ؙٚך 㕈勓ע cython

language_level=3 ס⯼.ג׊ך؆׎ױ׀ךֿ׌ךסם׍ע׾׀ך PCמסג׀ךעך...

PyPy׾⢪ֲ
PyPy ע CPython(CPython עכ C ג׿׼✑ך Python .׌ך ם薭溷┞׽ױח Python (׌ךכ׆ס ׽ֹֿסַֹכꅋַ׽׻
.׌ך

Numbaמֹ׻׋⻎כ JIT䪫銉ח┞,דג.׌ױַ❈؅ゼ꾴ֵֿ׽ Cָٔٓـ؎ٓ׋׸׵ֻאד⢪ִ׌ךכ׆ְז (RPython杅
劔ךסם♐偙׊־׊.(׌ךַם,NumPyסלם╭锡ٚؕעٛٚه PyPy曫ֵֿ׾ֵ,׽瓦䍲׌ױַי׿׈٭ؚٞن!!

PyPy2,PyPy3ע AtCoder*7ס阋靣׌ױ׽ֵ׵מ.阋靣ע־סם䙓ֿ׌ךַ׊)˟ Cython׎ױ׽ֵע؆
ⷃ׾ם Python׵ךغ٭ؤס PyPyי׊כ䳀⮂ךכ׆׾׌㵅갾מ Pythonעך㵅鉿免ꪨ鱩ꇃֿغ٭ؤגזד婞闋ֵ׵כ׆׾םכ

.׌ךֹ׻׾

*6 Jupyter Notebook עכ Python יז❈؅׿׆ךס׵׾׀ך㵅鉿מ؅㸐需溷غ٭ؤס Cython .׌ױ׀ךֿכ׆׾׌㵅鉿מ؅㸐需溷غ٭ؤס ❈氠עמ׾׌
pip install jupyter עמ׾׌鱍ⳛ,י׊כ jupyter notebook עגױ ipython notebook ˟.׌ױ׊כ webךت٭ي❈氠׌ױ׀ך

*7 AtCoderעכ盨䪫סء٤ِٚءٞو,ךח┞סعؕئء٤ِٚءٞوꅋ䍲׷䪫銉؅盨ַ׌ױ.
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痥 14畍 Pythonך넝鸞⻉גְאח 14.5 鎘庠 (PyPy)

㼪Ⰵ倯岀 (PyPy)

PyPyֿ׆׆עךꓨ锡׌ך.apt׾ֻ❈ֿغ٤ُؤ欎㘶עך apt install pypy סWindows瞏,ֿ׌ךס׾׀ךٜ٭عت٤ؕך
㖪⻉ע⪪䑑׾׌غ٭٤ٞؗر؅ٜؕؒن׼־عؕئ䖩锡ֵֿ׌ױ׽.
⪪䑑عؕئ
Python3ס㖪⻉ע PyPy3ךסם PyPy3ַ׈דׂי׊غ٭٤ٞؗر؅.
.׌ױ׽䖩锡ֵֿ׌؅ꄼتقך⮔蔦עמ׾׌氠❈׼־٤ؕٚغ٤ُؤ؅׿׆
❈氠עמ׾׌ pypy mf.py נַ׈דׂי׊؅䭰㴻⻏ٜؕؒنס䟨⚈עמ⮔ꌃסmf.׌ױ׊כ
.׌ױ׀ך氠❈ך׿׆

14.5 鎘庠 (PyPy)

pypy.py
from time import time
def mf():

a=0;
for i in range(100000):

a+=1;
st=time();
mf();
en=time()
print("%s[sec]"%(en-st));
if __name__=="__main__":

mf()

ꅋ䍲ע Python:0.0047[sec],PyPy:0.0010[sec]
ꅋׂנג׊ױ׽ם!

14.6 pip׾سٝو؝⢪׮ג׏⢪ִ׋׏ַז㜥さך㼎Ⳣ岀
׊׵ 'pip' ثحغכ׋תيؚٓٗفז乼⡲〳腉,سٝو؝㢩鿇כ׋תسٝو؝ⰻ鿇,כ .׿ׇתְג׸钠陎ׁג׃הٕ؎؋ؿ

ע⻉㖪גךכ pipֿؕךסַםַי׀ךٜ٭عت٤ apt install python-pip .׌ױ׀ךغ٭٤ٞؗرך ˟Windowsشْסך
ע⻉㖪סMac.ة٭ج -bash: pip: command not found

˟ PyPy׷ Python2ֿ⪜׾ַיז㖪⻉׌ױ׽ֵֿכ׆׾םמ.

ָֹה֮
ꅋ䍲ֿ㜟ֿג׊ױ׽ֵ׵ס׵גז־ם׼؂,枱岞י׎؂⻉מ❈氠ף׿׌ꅋׂנ׌ךֹא׽ם.㵅갾נ׌ךַַ׵ס׾ײיז❈מ!
׵ך׊㸴,׵☭ַם׼Python؅焒,׵☭ַם׼؅焒ء٤ِٚءٞو Pythonמ蕟⽱ף׿ֻ׼׵יז׵؅䌗ַ׌ך.
劄䔿ךױ鞅؆ג׿ׂך偙յֵג׊ױַ׉ׇֹכֿ׽!!
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