
NumPy 2
Week 3, day 5



Numpy

• import numpy

• ndarray:

• N-dimensional matrices, copy by default

• Fixed type from hierarchy

• Creat from shape or matrix-like object

• ufuncs : functors for element-by-
element transformation of matrices



Initing ndarrays

• Matrix-like functions copy contents

• Shape-based functions: 

• zeros: create a array of all zeros

• ones: create a array of all ones

• identity: create a zero array with 1s on 
diagonal

• fromfunction: create array with 
elements set by func (i, j, k ...)



Changing size & shape

• reshape method

• Assign direct to shape member

• resize methods

• Functional programming ufuncs



Internal memory layout

• Often irrelevant but 
actually linear

• Order:

• “last index varies 
first”

• for i in dimension1: 
for j in dimension2: 
for k in dimension3: ...
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Figure 2.3: Options for memory layout of a 2-dimensional array.

In the Fortran-style of N -dimensional indexing shown on the right of Figure 2.3,

the first N -dimensional index “varies the fastest.” Thus, to move through computer

memory sequentially, the first index is incremented first until it reaches the limit in

that dimension, then the second index is incremented and the first index reset to

zero. While NumPy can be compiled without the use of a Fortran compiler, several

modules of the full installation of NumPy (available separately) rely on underlying

algorithms written in Fortran. Algorithms that work on N -dimensional arrays that

are written in Fortran typically expect Fortran-style arrays.

The two-styles of memory layout for arrays are connected through the transpose

operation. Thus, if A is a (contiguous) C-style array, then the same block of mem-

ory can be used to represent AT as a (contiguous) Fortran-style array. This kind

of understanding can be useful when trying to optimize the wrapping of Fortran

subroutines, or if a more detailed understanding of how to write algorithms for

generally-indexed arrays is desired. But, fortunately, the casual user who does not

care if an array is copied occasionally to get it into the right orientation needed for

a particular algorithm can forget about how the array is stored in memory and just

visualize it as an N -dimensional array (that is, after all, the whole point of creating

the ndarray object in the first place).

2.3.2 Discontiguous memory layout

Both of the examples presented above are single-segment arrays where the entire

array is visited by sequentially marching through memory one element at a time.

When an algorithm in C or Fortran expects an N-dimensional array, this single

segment (of a certain fundamental type) is usually what is expected along with



Indexing and slicing

• Slice notation works just like sequences

• seq [start:stop:step]

• If arguments not supplied, assumed to 
be 0, end, and 1

• array [slice, slice, 
slice ...]

• If no slice provided, assume everything



Operations & ufuncs

• Not matrix algebra 
but element by 
element operations

• Input & output all 
of the same size 
but ...
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Operations on arrays 
of unequal size

>>> a = numpy.array ([[1, 2, 3], [1, 2, 3], [1, 2, 3]])
>>> a
array([[1, 2, 3],
       [1, 2, 3],
       [1, 2, 3]])

>>> b = numpy.array ([[1, 2, 3], [1, 2, 3], [1, 2, 3]])
>>> a + b
array([[2, 4, 6],
       [2, 4, 6],
       [2, 4, 6]])

>>> c = numpy.array ([1, 2, 3])
>>> a + c
array([[2, 4, 6],
       [2, 4, 6],
       [2, 4, 6]])



Operations & ufuncs

• In fact, arrays of 
different sizes are 
allowable if the 
smaller arrays can 
be replicated to 
match shapes

• Duplicate last 
dimension 
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ndarray members

• dtype: type object

• dtype.type: string representation of type

• ndim: number of dimensions 

• size: number of elements



ndarray methods

• tolist(): return as a nested list

• tofile (file [, sep], [, format]): 
write to file name or object with 
entries seperated by sep (default binary) 
and data in string format format (default 
%s)

• dump (file): store (pickle) into file

• dumps(): return pickled string of array



ndarray methods 2

• astype (type): return array 
converted to type

• copy(): return copy of array 

• fill (val): fill array with value

• transpose ([shape]): transpose / flip 
array



ndarray methods 3

>>> a = array
([0,3,2,1]) 

>>> a.choose(
   [0,1,2,3],
   [10,11,12,13],
   [20,21,22,23],
   [30,31,32,33]
) 

array([ 0, 31, 22, 13]) 

• choose (arr): 
select elements 
from array by 
indices

• sort 
(axis=-1)

• nonzero(): 
return list of 
nonzero indices

• magic methods



ndarray methods 4

• max(): return maximum value

• argmax(): return indices of maximum

• min(), argmin()

• clip(min=,max=): return array where 
values are transformed to within min 
and max

• sum, mean, var, std, cov, 
median: dispersal measures



Numpy functions

• fromstring(): reverse of tostring()

• fromfile(): reverse of tofile()

• load(): reverse of dump()

• concatenate (arr_seq, axis): 
append arrays

• correlate, convolve, dot 
([shape]): transpose / flip array


