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Ïî÷åìó Python òàêîé ìåäëåííûé?

Êàæäûé îáúåêò (äàæå ñàìûé ïðîñòîé) õðàíèòñÿ â ñëîæíîé ñòðóêòóðå
äàííûõ

Ìíîãî êîñâåííûõ îáðàùåíèé ê ïàìÿòè

Ïðîâåðêè òèïîâ

Python � íå êîìïèëèðóåìûé ÿçûê. Êîìïèëÿòîð ìîã áû çàðàíåå
ïðîñìîòðåòü âñþ ïðîãðàììó.
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Ïî÷åìó Python òàêîé ìåäëåííûé?�
1 a = 1
2 b = 2
3 c = a + b� �

1 a = 1

ðàçìåñòèòü â äèíàìè÷åñêîé ïàìÿòè îáúåêò a
óñòàíîâèòü a->PyObject_HEAD->typecode â int
óñòàíîâèòü a->val = 1

2 b = 2

(àíàëîãè÷íî)

3 a + b

ïîñìîòðåòü íà a->PyObject_HEAD->typecode

a � öåëîå, çíà÷åíèå ðàâíî a->val

(àíàëîãè÷íî ñ b)
âûçâàòü îïåðàòîð ñëîæåíèÿ, ñîõðàíèòü ðåçóëüòàò âî âðåìåííûé îáúåêò
result

4 Ñîçäàòü îáúåêò c è ðàçìåñòèòü â íåì ñóììó

ðàçìåñòèòü â äèíàìè÷åñêîé ïàìÿòè îáúåêò c
óñòàíîâèòü c->PyObject_HEAD->typecode â int
óñòàíîâèòü c->val â result
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Çàäà÷à ñëîæåíèÿ äâóõ Numpy-ìàññèâîâ

Ïóñòü òðåáóåòñÿ íàïèñàòü ôóíêöèþ, ñêëàäûâàþùóþ äâà Numpy-ìàññèâà
ïîêîìïîíåíòíî.�
1 def naive_sum(x, y):
2 ans = np.empty_like(x)
3 for i in xrange(len(x)):
4 ans[i] = x[i] + y[i]
5 return ans� �

Âîçüìåì 2 âåêòîðà äëèíû 100000.
Âðåìÿ ðàáîòû: 0.079495 (ñ)

�
1 from numba import jit
2

3 @jit
4 def naive_sum(x, y):
5 ans = np.empty_like(x)
6 for i in xrange(len(x)):
7 ans[i] = x[i] + y[i]
8 return ans� �
Âðåìÿ ðàáîòû: 0.000662 (ñ)
Óñêîðåíèå â 120 ðàç.
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Çàäà÷à ñëîæåíèÿ äâóõ Numpy-ìàññèâîâ
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Sum of 2 arrays problem. Comparison of working times
naive sum
naive sum + Numba
numpy sum

Ïðîèçâîäèëîñü òàêæå ñðàâíåíèå ñ ôóíêöèåé, èñïîëüçóþùåé ñëîæåíèå ìàññèâîâ â Numpy:�
1 def numpy_sum(x, y):
2 return x + y� �
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Ïðèíöèï ðàáîòû Numba

JIT (just-in-time) êîìïèëÿòîð Numba êîìïèëèðóåò ìàêñèìàëüíî
âîçìîæíóþ ÷àñòü êîäà. Èñïîëüçóåòñÿ LLVM (Low Level Virtual Machine).

Êîìïèëÿöèÿ ïðîèçâîäèòñÿ ïðè ïåðâîì çàïóñêå ôóíêöèè.

Ìîæíî ïîòðåáîâàòü êîìïèëÿöèè âñåãî êîäà ôóíêöèè:�
1 @jit(nopython=True)� �
Îäíàêî â òàêîì ðåæèìå ïîääåðæèâàåòñÿ ìàëî âîçìîæíîñòåé.
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Ïðèíöèï ðàáîòû Numba

Áîëüøîé âûèãðûø ïî âðåìåíè îñóùåñòâëÿåòñÿ áëàãîäàðÿ ÿâíîé
ïîäñòàíîâêå òèïîâ. Êàæäàÿ êîìïèëÿöèÿ ïðîèçâîäèòñÿ äëÿ êîíêðåòíîãî
íàáîðà òèïîâ àðãóìåíòîâ.�
1 # let my_func be jit -compilable function
2 my_func(5, 3) # my_func(int , int) gets compiled
3 my_func(5, 4.0) # my_func(int , float) gets compiled
4 my_func('abc', {'a': 1, 'b': 3})
5 # my_func(str , dict) gets compiled� �
Ìîæíî îãðàíè÷èòü âîçìîæíûå òèïû àðãóìåíòîâ.�
1 @jit('f8[:](f8[:],f8[:])')
2 def naive_sum(x, y):
3 ans = np.empty_like(x)
4 for i in xrange(len(x)):
5 ans[i] = x[i] + y[i]
6 return ans� �
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Çàäà÷à - âû÷èñëåíèå ìàòðèöû ïîïàðíûõ ðàññòîÿíèé

Ïóñòü X ,Y ∈ RNxD . Òðåáóåòñÿ ïîñòðîèòü ìàòðèöó M = [mij ] ∈ RNxN , òàêóþ
÷òî mij � ðàññòîÿíèå ìåæäó X [i ] è Y [j ].

1 ðåøåíèå. Òîëüêî ñðåäñòâàìè Python.�
1 def pdist_naive(X, Y):
2 ans = np.empty ((X.shape[0], Y.shape [0]))
3 for i in xrange(X.shape [0]):
4 for j in xrange(Y.shape [0]):
5 dist = 0.0
6 for k in xrange(X.shape [1]):
7 diff = X[i, k] - Y[i, k]
8 dist += diff * diff
9 ans[i, j] = np.sqrt(dist)

10 return ans� ��
1 @jit('f8[: ,:](f8[:,:],f8[: ,:])')
2 def pdist_naive_jit(X, Y):
3 # the same as pdist_naive
4 ...� �
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Çàäà÷à - âû÷èñëåíèå ìàòðèöû ïîïàðíûõ ðàññòîÿíèé

2 ðåøåíèå. Äâîéíîé öèêë for, âû÷èñëåíèå î÷åðåäíîãî ðàññòîÿíèÿ ñðåäñòâàìè
Numpy.�
1 def pdist_naive2(X, Y):
2 ans = np.empty ((X.shape[0], Y.shape [0]))
3 for i in xrange(X.shape [0]):
4 for j in xrange(X.shape [1]):
5 ans[i, j] = sqrt(np.sum((X[i] - Y[i]) ** 2))
6 return ans� ��
1 @jit('f8[: ,:](f8[:,:],f8[: ,:])')
2 def pdist_naive2_jit(X, Y):
3 # the same as pdist_naive2
4 ...� �
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Çàäà÷à - âû÷èñëåíèå ìàòðèöû ïîïàðíûõ ðàññòîÿíèé

3 ðåøåíèå. Èñïîëüçóåì ôóíêöèþ cdist èç Scipy.�
1 from scipy.spatial.distance import cdist
2 def pdist_cdist(X, Y):
3 return cdist(X, Y)� �
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Çàäà÷à - âû÷èñëåíèå ìàòðèöû ïîïàðíûõ ðàññòîÿíèé

Ðåçóëüòàòû:
Python Python, JIT Python+NumPy Python+NumPy, JIT cdist

1000 x 3 12.394 s 0.0266 s 0.08208 s 0.00064 s 0.02770 s

100 x 100 1.41403 s 0.00384 s 0.28076 s 0.00475 s 0.00289 s

10 x 1000 0.14836 s 0.00036 s 0.00377 s 0.00028 s 0.00033 s

Ïðîñòåéøèå ðåøåíèÿ ñ JIT-êîìïèëÿöèåé ðàáîòàþò ïðèìåðíî òàê æå áûñòðî,
êàê cdist, à èíîãäà îáãîíÿþò åãî.

Ïðîñòåéøåå ðåøåíèå óñêîðÿåòñÿ äî 460 ðàç.
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Ïðîáëåìû Numba

� Íå ëþáóþ ôóíêöèþ ìîæíî ñêîìïèëèðîâàòü ñ ïîìîùüþ Numba.
Íàïðèìåð, ñîçäàíèå ôóíêöèè âíóòðè ôóíêöèè âûçûâàåò èñêëþ÷åíèå
NotImplementedError.

� Åñëè â ñêîìïèëèðîâàííîé ôóíêöèè ïðîèñõîäèò âûõîä çà ãðàíèöû
ìàññèâà, âîçíèêàåò Îøèáêà ñåãìåíòàöèè.

� Îïòèìèçàöèÿ öèêëîâ ðàáîòàåò íå âñåãäà. Íàïðèìåð, åñëè ñäåëàòü return
èç öèêëà, îïòèìèçàöèÿ íå âêëþ÷àåòñÿ.

� Îïòèìèçàöèè òîëüêî äëÿ NumPy-ìàññèâîâ. Äðóãèå îáúåêòû íå
ïîääåðæèâàþòñÿ.

+ Numba àêòèâíî ðàçâèâàåòñÿ.
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Âûâîäû

Numba äàåò îãðîìíîå óñêîðåíèå äëÿ ôóíêöèé, íàïèñàííûõ íà Python è
Numpy.

Ïðè ýòîì áîëüøå âñåãî îïòèìèçèðóåòñÿ Python-÷àñòü.

Ýôôåêòèâíà äëÿ îïòèìèçàöèè öèêëîâ.

Ôóíêöèè êîìïèëèðóþòñÿ ïðè èõ ïåðâîì çàïóñêå.

Íå ëþáóþ ôóíêöèþ ìîæíî ñêîìïèëèðîâàòü. Íåîáõîäèìî âûíîñèòü
êðèòè÷åñêèé êîä â îòäåëüíûå ôóíêöèè è êîìïèëèðîâàòü èõ.
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Çàïóñê íà GPU

Numba ïîçâîëÿåò çàïóñêàòü ôóíêöèè íà GPU.�
1 from numba import cuda
2

3 @cuda.jit('(uint64 [:], uint64)')
4 def my_cuda_function(A, b):
5 ...� �
Îäíàêî íà ôóíêöèþ íàêëàäûâàþòñÿ áîëüøèå îãðàíè÷åíèÿ.

Íåîáõîäèìî ñîñòàâëÿòü ïðîãðàììó òàê, ÷òîáû êðèòè÷åñêèå âû÷èñëåíèÿ
áûëè â îòäåëüíûõ ôóíêöèÿõ.

Ñòàòüÿ NVIDIA ïðî óñêîðåíèå âû÷èñëåíèé ñ ïîìîùüþ numba.cuda:
http://devblogs.nvidia.com/parallelforall/

gpu-accelerated-graph-analytics-python-numba/
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Ëèòåðàòóðà

Äîêóìåíòàöèÿ ïî áèáëèîòåêå Numba. http://numba.pydata.org/

Ñòàòüÿ NVIDIA CUDA Zone ïðî óñêîðåíèå âû÷èñëåíèé ñ ïîìîùüþ
numba.cuda. http://devblogs.nvidia.com/parallelforall/
gpu-accelerated-graph-analytics-python-numba/

Optimizing Python in the Real World: NumPy, Numba, and the NUFFT
https://jakevdp.github.io/blog/2015/02/24/

optimizing-python-with-numpy-and-numba/
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Óñòàíîâêà Numba

Ïðèìåð êîììàíä óñòàíîâêè Numba äëÿ Ubuntu 14.04 è Python 2.7.�
1 # apt -get install llvm -3.6 llvm -3.6-dev llvm -3.6- runtime

2 # pip install enum34 funcsigns

3 # LLVM_CONFIG =/usr/bin/llvm -config -3.6 pip install numba� �
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