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What is NumPy?

Wikipedia: NumPy is an extension to the Python programming
language, adding support for large, multi-dimensional arrays and
matrices, along with a large library of high-level mathematical
functions to operate on these arrays.

I At the core of the NumPy package, is the ndarray object
which encapsulates n-dimensional arrays of homogeneous
data.

I Many operations performed using ndarray objects execute in
compiled code for performance

I The standard mathematical and scientific packages in Python
use NumPy arrays



Array Creation

Several ways to create arrays...

import numpy as np

# l i s t s
arr = np. array ( [ [1 , 2 , 3] , [4 , 5 , 6] ])

#In [1 ] : arr
#Out[1 ] :
#array ( [ [1 , 2 , 3] ,
# [4 , 5 , 6] ])

# sequences
np. arange(0 , 10, 0.1)
np. linspace (0 , 2 ∗ np. pi , 100)

# zeros & ones
np. zeros ((5 , 5))
np. ones((5 , 5))

# random
np.random.random( size=(3, 4))
np.random.normal( loc=10., scale=3., s ize=(3, 4 , 5))



Array IO

import numpy as np

# create an array , write to f i l e , read from f i l e
arr = np. array ( [ [1 , 2 , 3] , [4 , 5 , 6 ] ])

# save to a text f i l e
# creates a space delimited f i l e by default
np. savetxt (fname=’ array out . txt ’ , X=arr )

# load text f i l e
loaded arr = np. loadtxt (fname=’ array out . txt ’ )

np. a l l ( arr == loaded arr ) # True

Other options control data types, delimiters, comments, headers,
etc. See documentation, especially ”See Also”.



Array Attribtues

Arrays are objects and so have attributes and methods.

import numpy as np

arr = np.arange(10).reshape((2, 5))

arr.ndim # 2 number of dimensions

arr.shape # (2, 5) shape of the array

arr.size # 10 number of elements

arr.T # transpose

arr.dtype # data type of elements in the array

And many others. Explore in documentation or with TAB
complete in ipython.



Array Operations & ufuncs

Default behavior is elementwise

import numpy as np

arr1 = np. arange(10). reshape((2 , 5))
arr2 = np.random.random((2 , 5))

# elementwise for basic and boolean operations
# +, −, ∗ , / , ∗∗ , np. log , <, >=, ==
# arrays are upcast , result ing in f loat or boolean arrays
arr1 + arr2 # elementwise sum
arr1 ∗ arr2 # elementwise multipl ication

# operations in place
arr1 += arr2

# matrix product
np. dot(arr1 , arr2 )

# simi lar ly numpy ufunc ’ s operate elementwise
np. sin (arr1)
np. sqrt (arr1)



Array Slicing and Indexing

Similar to lists but a few new ways to select

import numpy as np

arr = np. arange(20). reshape((4 , 5))

# s l i c ing ( l i ke l i s t s for each dimension)
arr [0:4 , 3:5] # a l l rows and last two columns
arr [ :4 , 3:5] # equivalent − can leave off start i f 0
arr [ : , 3 : ] # equivalent − can leave off end i f s ize of axis
arr [ s l i c e (None) , s l i c e (3 , None)] # equivalent − can use s l i c e ()

# integer indices
arr [ [1 , 2] , : ] # rows one and two, a l l columns
arr [np. array ([1 , 2]) , : ] # equivalent

# boolean indices
arr [ [ False , True , True , False ] , : ] # equivalent
arr [np. array ( [ False , True , True , False ]) , : ] # equivalent

Boolean indexing can be very powerful as we will see in the
exercises.



Array Broadcasting & Vectorization

Broadcasting allows us to operate on arrays of different shapes by
’copying’ smaller arrays when possible. This allows us to write
more efficient and readable code (with fewer for loops).

import numpy as np

# multiplication by a scalar

arr = np.random.random((4, 5))

arr * 5 # multiply each element of the array by 5

# scales the first column by 0.

# scales the second column by 1.

# etc.

arr * np.arange(5)
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What is SciPy?

SciPy is a library of algorithms and mathematical tools built to
work with NumPy arrays.

I statistics - scipy.stats

I optimization - scipy.optimize

I sparse matrices - scipy.sparse

I signal processing - scipy.signal

I etc.



Example: KS-test

Question: do two data samples come from the same distribution?

import scipy . stats as stats

# generate two data samples from dif ferent distr ibut ions
samp1 = stats .norm. rvs ( loc=0., scale=1., s ize=100)
samp2 = stats .norm. rvs ( loc=2., scale=1., s ize=100)

# perform ks test : nul l hypothesis i s distr ibut ions are the same
D, pval = stats .ks 2samp(samp1, samp2) # D=.58, pval=1.34e−15

# reject the nul l

# generate two data samples from the same distr ibut ion
samp1 = stats .norm. rvs ( loc=0., scale=1., s ize=100)
samp2 = stats .norm. rvs ( loc=0., scale=1., s ize=100)

# perform ks test
D, pval = stats .ks 2samp(samp1, samp2) # D=.09, pval=.79

# f a i l to reject the nul l



Example: bootstrapped confidence interval

import numpy as np
import scipy . stats as stats

B = 1000
N = 100

# data array
arr = stats .norm. rvs ( loc=np. pi , s ize=100)

# compute distr ibut ion of mean estimate
mean distn = np. array ( [np.mean( arr [np.random. randint (N, s ize=N)])

for i in xrange(B)])

# 95% confidence interval [2.99 , 3.39]
confidence bounds = stats .mstats .mquantiles(mean distn ,

prob=[.025, .975])
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