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Module1 : Introduction to Python and NumPy

• Getting Started in IPython and Jupyter,

• Enhanced Interactive Features,

• The Basics of NumPy Arrays,

• Sorted Arrays,

• Structured Data: NumPy’s Structured Arrays
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Module1 Introduction to Python and NumPy

The Basics of NumPy Arrays

Basic array manipulations here:

 Attributes of arrays: Determining the size, shape, memory consumption, and data types of arrays

 Indexing of arrays: Getting and setting the value of individual array elements

 Slicing of arrays: Getting and setting smaller subarrays within a larger array

 Reshaping of arrays: Changing the shape of a given array

 Joining and splitting of arrays: Combining multiple arrays into one, and splitting one array into many
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Module1 Introduction to Python and NumPy

NumPy Array Attributes-ndim, shape, size, dtype, itemsize, nbytes

Three random arraysa one-dimensional, two-dimensional, and three-dimensional array.

NumPy's random number generator.
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Module1 Introduction to Python and NumPy

Another useful attribute is the dtype, the data type of the array

Other attributes include itemsize, which lists the size (in bytes) of each array element, and nbytes, which 

lists the total size (in bytes) of the array
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Module1 Introduction to Python and NumPy

Array Indexing: Accessing Single Elements

1. In a one-dimensional array, we can access the ith value (counting from zero) by specifying the desired index 

in square brackets.
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Module1 Introduction to Python and NumPy

2. In a multidimensional array, we access items using a comma-separated tuple of indices

Array Indexing: Accessing Single Elements

3. We can also modify values using any of the above index notation

4. NumPy arrays have a fixed type.

If we attempt to insert a floating-point value to an integer array, the value 

will be silently truncated. 
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Module1 Introduction to Python and NumPy

Array Slicing: Accessing Subarrays

Square brackets can also be used to access subarrays with the slice notation, marked by the colon (:)

character.

The NumPy slicing syntax to access a slice of an array x is as follows

x[start:stop:step]

If any of these are unspecified, they default to the values start=0, stop=size of dimension, step=1. 
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Module1 Introduction to Python and NumPy

Array Slicing: Accessing Subarrays

One-dimensional subarrays
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Module1 Introduction to Python and NumPy

A potentially confusing case is when the step value is negative. In this case, the defaults for 

start and stop are swapped. This becomes a convenient way to reverse an array:

Array Slicing: Accessing Subarrays
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Module1 Introduction to Python and NumPy

Multidimensional subarrays

Array Slicing: Accessing Subarrays

Multidimensional slices work in the same way, with multiple slices separated by com mas. For example:
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Module1 Introduction to Python and NumPy

Multidimensional subarrays

Array Slicing: Accessing Subarrays

Accessing array rows and columns. One commonly needed routine is accessing single rows or columns of an 

array. We can do this by combining indexing and slicing, using an empty slice marked by a single colon (:):

In the case of row access, the empty slice can be omitted for a more compact syntax:
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Module1 Introduction to Python and NumPy

Subarrays as no-copy views

Array Slicing: Accessing Subarrays

Array slices return views rather than copies of the array data. 

This default behavior is actually quite 

useful: it means that when we work with 

large datasets, we can access and process 

pieces of these datasets without the need 

to copy the underlying data buffer.
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Module1 Introduction to Python and NumPy

Array Slicing: Accessing Subarrays

Creating copies of arrays

It is sometimes useful to instead explicitly copy the data within an array or a subarray. This can be most easily 

done with the copy() method
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Module1 Introduction to Python and NumPy

Reshaping of Arrays

Another useful type of operation is reshaping of arrays. The most flexible way of doing reshaping is with the 

reshape() method. For example, if you want to put the numbers 1 through 9 in a 3×3 grid, we can do the 

following:

Note : The size of the initial array must match the size of the reshaped array. 

Array Reshaping
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Module1 Introduction to Python and NumPy

Another common reshaping pattern is the conversion of a one-dimensional array into a two-dimensional row or 

column matrix. We can do this with the reshape method, or more easily by making use of the newaxis keyword 

within a slice operation:

Array Reshaping
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Module1 Introduction to Python and NumPy

Array Concatenation and Splitting

It is possible to combine multiple arrays into one, and to conversely split a single array into multiple arrays

Concatenation of arrays 

Concatenation, or joining of two arrays in NumPy, can be performed through the following routines.

• np.concatenate, 

• np.vstack, 

• np.hstack. 

np.concatenate takes a tuple or list of arrays as its first argument.

We can also concatenate more than two arrays at once
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Module1 Introduction to Python and NumPy

Array Concatenation and Splitting

np.concatenate can also be used for two-dimensional arrays:
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Module1 Introduction to Python and NumPy

Array Concatenation and Splitting

For working with arrays of mixed dimensions, it can be clearer to use the np.vstack (vertical stack) and np.hstack

(horizontal stack) functions:
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Module1 Introduction to Python and NumPy

Array Concatenation and Splitting

Splitting of arrays 

The opposite of concatenation is splitting, which is implemented by the functions np.split, np.hsplit, and 

np.vsplit. For each of these, we can pass a list of indices giving the split points:
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Module1 Introduction to Python and NumPy

Array Concatenation and Splitting

Splitting of arrays 

The related functions np.hsplit and np.vsplit are similar:

Similarly, np.dsplit will split arrays along the third axis.
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Module1 Introduction to Python and NumPy

Sorting Arrays

Insertion sorts, Selection sorts, Merge sorts, Quick sorts, Bubble sorts

A simple selection sort repeatedly finds the minimum value from a list, and makes swaps until the list is 

sorted.
Bogosort

Fortunately, Python contains built-in sorting

algorithms that are much more efficient than

either of the simplistic algorithms just shown.
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Module1 Introduction to Python and NumPy

Sorting Arrays
Fast Sorting in NumPy: np.sort and np.argsort

np.sort uses quick sort algorithm. To return a sorted version of the array without modifying the input, we can use 

np.sort:

If we prefer to sort the array in-place, we can instead use the sort method of arrays:

A related function is argsort, which instead returns the indices of the sorted elements:
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Module1 Introduction to Python and NumPy

Sorting Arrays
Fast Sorting in NumPy: np.sort and np.argsort

The first element of this result gives the index of the smallest element, the second value gives the index of the

second smallest, and so on. These indices can then be used (via fancy indexing) to construct the sorted array if

desired:

Sorting along rows or columns

A useful feature of NumPy’s sorting

algorithms is the ability to sort along

specific rows or columns of a

multidimensional array using the axis

argument.
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Module1 Introduction to Python and NumPy

Sorting Arrays

Partial Sorts: Partitioning 

Sometimes we’re not interested in sorting the entire array, but simply want to find the K smallest values in the array. 

NumPy provides this in the np.partition function.

np.partition takes an array and a number K; the result is a new array with the smallest K values to the left of the 

partition, and the remaining values to the right, in arbitrary order:

Note that the first three values in the resulting array are the three smallest in the array, and the remaining array 

positions contain the remaining values. Within the two partitions, the elements have arbitrary order.
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Module1 Introduction to Python and NumPy

Sorting Arrays

Similarly to sorting, we can partition along an arbitrary axis of a multidimensional array:

The result is an array where the first two

slots in each row contain the smallest values

from that row, with the remaining values

filling the remaining slots. Finally, just as

there is a np.argsort that computes indices

of the sort, there is a np.argpartition that

computes indices of the partition.
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Module1 Introduction to Python and NumPy

Sorting Arrays
Example: k-Nearest Neighbors (np.argpartition)

The argsort function can be used to find the nearest neighbors of each point in a set along multiple.

We’ll start by creating a random set of points on a two-dimensional plane. Using the standard convention, we’ll

arrange these in a 10×2 array:
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Module1 Introduction to Python and NumPy

Sorting Arrays
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Module1 Introduction to Python and NumPy

Sorting Arrays

Each point in the plot has lines drawn to its two nearest neighbors. 
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Module1 Introduction to Python and NumPy

Structured Data: NumPy’s Structured Arrays

Structured Data: NumPy’s Structured Arrays

Imagine that we have several categories of data on a number of people (say, name, age, and weight), and

we’d like to store these values for use in a Python program. It would be possible to store these in three

separate arrays:

But this is a bit clumsy. There’s nothing here that tells us that the three arrays are related; it would be more

natural if we could use a single structure to store all of this data. NumPy can handle this through

structured arrays, which are arrays with compound data types.
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Module1 Introduction to Python and NumPy

Structured Data: NumPy’s Structured Arrays

Here 'U10' translates to “Unicode string of maximum length 10,” 'i4' translates to “4-byte (i.e., 32 bit)

integer,” and 'f8' translates to “8-byte (i.e., 64 bit) float.”
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Module1 Introduction to Python and NumPy

Structured Data: NumPy’s Structured Arrays
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Module1 Introduction to Python and NumPy

Structured Data: NumPy’s Structured Arrays

Filtering 
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Structured Data: NumPy’s Structured Arrays

Creating Structured Arrays : Structured array data types can be specified in a number of ways. 
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Module1 Introduction to Python and NumPy

Structured Data: NumPy’s Structured Arrays
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Structured Data: NumPy’s Structured Arrays

More Advanced Compound Types

Each element in the X array consists of an id and a 3×3 matrix.
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Module1 Introduction to Python and NumPy

Structured Data: NumPy’s Structured Arrays

RecordArrays: Structured Arrays with a Twist

NumPy also provides the np.recarray class, which is almost identical to the structured arrays just described,

but with one additional feature: fields can be accessed as attributes rather than as dictionary keys.
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THANK YOU


