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Zen of NumPy?

2t2{0] 207 A C} WLt
Strided is better than scattered
20| SZHz=C Rt
Contiguous is better than strided
te A2 HYsk= 0| HHS Ui2l= AEC0H KTt (HIO0IE EIYS ARZSHA).
Descriptive is better than imperative (use data-types)
B E 220| CHA|= 24| 2| > et Wt
Array-oriented is often better than object-oriented
ERENARR F2 Ot0|T|0fT} — 7H55HH AESHAL
Broadcasting is a great idea — use where possible
Eistt 20| YA|AQl RSLEL} FCt
Vectorized is better than an explicit loop
52| 8 2250 numexpr, weavelt Cythong AH235Hz2L
Unless it's complicated — then use numexpr, weave, or Cython
DA M E2t5tket.
Think in higher dimensions
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*https://github.com/numpy/numpy/issues/2389
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* scipy, matplotlib, pandas scikit-learn, statsmodels, etc.
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NumPy and TensorFlow

» TensorFlow= NumPyOI ndarray 7|S0f 27t9| 274
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Shttps://en.wikipedia.org/wiki/Automatic_differentiation
*https://github.com/HIPS/autograd
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typedef struct {
PyObject_HEAD
Py_ssize_t ob_size;

/* Vector of pointers to list elements. 1ist[0] s ob_item[0], etc. */

PyObject **ob_item;

/* ob_item contains
* currently in use
* Invariants:

space for ’allocated’ elements. The number
s ob_size.

* 0 <= ob_size <= allocated

* len(list) == ob_size

* ob_item == NULL implies ob_size == allocated == 0
*/

Py_ssize_t allocated;

} PyListObject;
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NumPy ndarray <1

shides0a
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data :
Shrides [0]
shape : (3, 3) o
strides : (6, 2) S
o[/ ]2
dtype : uintil6 W-ags miG
A Ears
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NumPy ndarray”} = O|F
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>>> 1 = [[0, 1, 2], [3, 4, 5],
[6, 7, 81l

TR
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[fo, 1, 21, [3, 4, 51, [6, 7, &]1]
>>> 1[0] 4

[o, 1, 2]
>>> 1[1][2] /
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NumPy Q&4

>>> a = np.arange(9)
>>> a.shape

9,)

>>> a

array([0, 1, 2, 3, 4, 5, 6, 7, 8]) P

220 6 = DarnoEh & O EMNEEEEEEE

>>> a.shape

@3, 3) OMDOEEM
>>> a ‘
array([[0, 1, 2], :

[3, 4, 51,
6, 7, 811
>>> a[0]
array ([0, 1, 2])
>>> a1, 2]
5
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>>> 1 = [[0, 1, 2], [3, 4, 51] / \
>>> [1[1]1[1] for i, j in enumerate()] [ [ ] [ [ ]

[1, 4]
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NumPy S2t0]d

O OLEELE

>>> a = np.arange(6) .reshape(2, 3)
>>> al:, 1]
array([1, 41)
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>>> al[0]
array([0, 1, 2, 3, 4])

>>> a1, 3:5]

array([8, 9]) 0 1 2 3 4

>>> al:, 4]

array([ 4, 9, 14, 19, 24]) 10 11|12 13| 14

15116 |17 |18 | 19

>>> a[-2:, -2:]
array([[18, 19],

[23, 2411) 20 21 | 22 |23 | 24

>>> af2::2, ::2]
array([[10, 12, 14],
[20, 22, 24]1)
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>>> 1 = list(range(6))

>>> mask = [True, False, False,
False, True, Truel

>>> [i for i, j in zip(l, mask) if j]

[0, 4, 5]
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NumPy Fancy Indexing

>>> a = np.arange(6) [::] I e '{ l 24 z |9’| 2 l

>>> a[np.array(mask)]

array ([0, 4, 51) \
>>> mask = np.array([1, 0, 0, 0, 1, 1],

. dtype=np.bool)
>>> a[mask]

array([0, 4, 5]) |:,
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>>> 1 = [random.randint (0, 10)
for i in range(10)]

>>> 1

[9, 9, 0, 7, 8, 2, 6, 8, 0, 6]

>>> mask = [0, 2, 2, 1, 8]

>>> [1[i] for i in mask]

[9, 0, 0, 9, 0]
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NumPy Fancy Indexing

. N
o o ot feoore O I 7 | 9 | o[#fe]a]e]e o] 4]

>>> a = random_integers(0, 10, 10)

>>> a )
array([9, 9, 0, 7, 8, 2, 6, 8, 0, 6]

>>> a[mask]

array([9, 0, 0, 9, 01) D nn
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Fancy Indexing

>>> al[0, 1]
1

>>> a[[0, 1]]
array([[0, 1, 2, 3, 4],
[5, 6, 7, 8, 91D

>>> all1, 2, 41, [2, 3, 4]]
array([ 7, 13, 24])

>>> a[3:, [0, 1, 3]]
array([[15, 16, 18],
[20, 21, 23]1)

o112 |3 ]| 4
56|78 ]9
10|11 12|13 | 14
15116 |17 | 18| 19
2012122 |23 | 24

>>> mask = np.array([0, 1, 0, 0, 1], dtype=np.bool)

>>> a[mask, 1]
array([ 6, 211)
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>>> a = np.array([1, 2, 31)

>>> b = np.array([4, 7, 3])

>>> [x + y for x, y in zip(a, b)]
[5, 9, 6]
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>>> a = np.array([1, 2, 5])
>>> b = np.array([4, 7, 51)
>>> a + b

array([ 5, 9, 10])
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1 = range(1000)
[i ** 2 for i in 1]

~500 us per loop
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import numpy as np
a = np.arange(1000)
a xk 2

~2 us per loop
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» NumPy= 0[0] It &l DE=Z 250{2 Credet HE{etE
LS A
- 0| RO A4S ufunc2tl &
« O U85 284
« dots AS HEsts HO| YPS Uiel= A0 WL (C0lH
EtRE ALEotat
« 0|5 Sdfi ZoYUE A0 52 B0Lt 2 + US
« Efatet A0 PA|HQl FLEC} FL}
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>>> a = np.array([1, 2, 5]1)

>>> b = np.array([4, 7, 5])

>>>a + b

array([ 5, 9, 10])

>>> a ==

array([False, False, Truel, dtype=bool)
>>> a * 3

array([ 3, 6, 15])

>>> np.log(a)

array([ 0. , 0.69314718, 1.609437911)
>>> np.cumsum(a)

array([1, 3, 8])
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>>> a = np.array([1, 2, 5])
>>> a + np.array([1, 2])
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operands could not be broadcast together with shapes (3,) (2,)
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a: 4x3
b : 3
a 4 x 3
b:1x3
a: 4x3
b:4x3
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>>> a = np.arange(12) .reshape(4, 3)

a 4 x 3 >>> a
. array([[ 0, 1, 2],
b 8 [3, 4, 5],
_________ [e, 7, 8],
a : 4 X 3 [ 9, 10, 1111)
>>> b = np.arange(3)
b:1x3 >>> b
————————— array([0, 1, 2])
>>>r=a+b
a 4 x 3 o
b : 4 x 3 (stretching) array([[ 0, 2, 4],
_________ [3, 5, 71,
[e6, 8, 10],
T 4 x 3 [9, 11, 131D
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Reduction

>>> 1 = [[0, 1, 2], [3, 4, 5]1]

>>> 1

[ro, 1, 21, [3, 4, 511

>>> sum([x + y for x, y in zip([0, 1, 2], [3, 4, 51)1)

15

>>> [x + y for x, y in zip([0, 1, 2], [3, 4, 51)]
[3, 5, 7]

>>> [sum(k) for k in ([0, 1, 2], [3, 4, 51)]

[3, 12]
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Reduction
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Reduction

>>> a = np.arange(6) .reshape(2, 3)
>>> a
array([[0, 1, 2],
[3, 4, 511
>>> np.sum(a)
15
>>> np.sum(a, axis=0)
array([3, 5, 71)
>>> np.sum(a, axis=1)
array([ 3, 121)
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Reduction

> 22 QIE|H0|AS S5 U5t= GAS HE
. SI5H= A MSHE TO| YL L2l R Tt LTt (EofE
EFRIS AFR5IR])
> SlE{3LE GlAt0|D 2 W2
+ HIE{3}3H 20| HA|HQl 2 EICt EC}
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Nearest Neighbor

O\O
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O o/

» O] 19| O|RE 2= Yn2ls
» H| %._ | k-means, vector quantizationOf| M= A2 E
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Nearest Neighbor 134

import numpy as np

n = 1000
dim = 3

data = np.random.random(size=dim#*n) .reshape(n, dim)
diff = data.reshape(n, 1, dim) - data

distance = np.sum(diff ** 2, axis=2)

oneself = np.arange(n)

distance[oneself, oneself] = np.inf

neighbors = np.argmin(distance, axis=1)
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Nearest Neighbor

High dimensions, broadcasting, ufunc

diff = data.reshape(n, 1, dim) - data

» 1000 x 3 #EZ 1000 x 1 x 32| DA} ndarray= HSt
» BEE2CEIHAEIN| 95K 1000 x 1000 x 32| 21Vt LIS
» BIE{SHE 7| Q14
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Nearest Neighbor

Ufunc, reduction

distance = np.sum(diff ** 2, axis=2)

Sungjoo Ha (http://shurain.net)
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Nearest Neighbor

Indexing

oneself = np.arange(n)
distance[oneself, oneself] = np.inf

I

o
> 27| 2pAlDt0] 2|2 REtthz 47
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Nearest Neighbor

Reduction

neighbors = np.argmin(distance, axis=1)

» 2|AZFO| 22| 2= reduction
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Exploration

Cf 20| QUCHH 2ot= A=

> 22 O|IAHE Soll NumPyE 51 4 CHH http:
//www.labri.fr/perso/nrougier/teaching/numpy.100/

» Scipy Lecture NotesOl|A{ EC} Z[AM|EH MAHS 242 4 QS
http://www.scipy-lectures.org/

» np.cumsum(scan, prefix sum)2 &-&5tH 2|2z E&f
ALt A HESt S 4= AUS

i
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Zen of NumPy

Ss<t20] 20{31 ATt Gk

HLE 20| SUHALCE W

QUSHe 42 MOEHs HO| YAS Lj2|= HEC WCH (G0[E EFRIS AFRSHA}.
B 20| ChA| = KA 2| Q20 WLt

S2EIPARIR Z2 OF0|T| 0Tt — 7+ 51 ARZSHAL

HIE{SlSH 20| FA|H QI FLECEZCf

StA|9F 22H5HCHH numexpr, weavel} CythonS AtE3f 2}

D2HRA0IA i 2totet

Sungjoo Ha (http://shurain.net)

46

1


http://shurain.net

» Email : shurain@gmail.com ,
» Twitter : @shurain
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