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The main areas of functionality

• Fast vectorized array operations for data munging and cleaning, subsetting
and filtering, transformation, and any other kinds of computations

• Common array algorithms like sorting, unique, and set operations 

• Efficient descriptive statistics and aggregating/summarizing data 

• Data alignment and relational data manipulations for merging and joining 
together heterogeneous datasets 

• Expressing conditional logic as array expressions instead of loops with if-
elifelse branches 

• Group-wise data manipulations (aggregation, transformation, function 
application) 



The NumPy ndarray: A multidimensional 
Array Object
• One of the key features of NumPy is its N-dimensional array object, or 

ndarray, which is a fast, flexible container for large datasets in Python. 
Arrays enable you to perform mathematical operations on whole 
blocks of data using similar syntax to the equivalent operations 
between scalar elements

• An ndarray is a generic multidimensional container for homogeneous 
data; that is, all of the elements must be the same type. Every array 
has a shape, a tuple indicating the size of each dimension, and a 
dtype, an object describing the data type of the array.



Creating ndarrays

• The easiest way to create an array is to use the array function. This 
accepts any sequence-like object (including other arrays) and 
produces a new NumPy array containing the passed data.



• Nested sequences, like a list of equal-length lists, will be converted 
into a multidimensional array:



• Since data2 was a list of lists, the NumPy array arr2 has two 
dimensions with shape inferred from the data. We can confirm this by 
inspecting the ndim and shape attributes

• Unless explicitly specified np.array tries to infer a good data type for 
the array that it creates. The data type is stored in a special dtype
metadata object

• In addition to np.array, there are a number of other functions for 
creating new arrays. As examples, zeros and ones create arrays of 0s 
or 1s, respectively, with a given length or shape. empty creates an 
array without initializing its values to any particular value



Array creation functions



NumPy data types



• You can explicitly convert or cast an array from one dtype to another 
using ndarray’s astype method

• If you have an array of strings representing numbers, you can use 
astype to convert them to numeric form



Arithmetic with NumPy Arrays

• Arrays are important because they 
enable you to express batch 
operations on data without writing 
any for loops. NumPy users call this 
vectorization. Any arithmetic 
operations between equal-size arrays 
applies the operation element-wise



• Arithmetic operations with scalars propagate the scalar argument to 
each element in the array:



• Comparisons between arrays of the same size yield boolean arrays: 



Basic Indexing and Slicing



• With higher dimensional arrays, you have many more options. In a 
two-dimensional array, the elements at each index are no longer 
scalars but rather one-dimensional arrays:



Indexing with slices

• Like one-dimensional objects such as Python lists, ndarrays can be 
sliced with the familiar syntax:



Fancy indexing

• Fancy indexing is a term adopted by NumPy to describe indexing 
using integer arrays.

Transposing Arrays and Swapping Axes

• Transposing is a special form of reshaping that similarly returns a view 
on the underlying data without copying anything. Arrays have the 
transpose method and also the special T attribute.



Universal Functions: Fast Element-Wise Array 
Functions 
• A universal function, or ufunc, is a function that performs element-

wise operations on data in ndarrays. You can think of them as fast 
vectorized wrappers for simple functions that take one or more scalar 
values and produce one or more scalar results. 

• Many ufuncs are simple element-wise transformations, like sqrt or 
exp:







Table of unary ufuncs



Binary universal functions



Array-Oriented Programming with Arrays

• Using NumPy arrays enables you to express many kinds of data 
processing tasks as concise array expressions that might otherwise 
require writing loops. This practice of replacing explicit loops with 
array expressions is commonly referred to as vectorization



Expressing Conditional Logic as Array 
Operations 
• The numpy.where function is a vectorized version of the ternary 

expression x if con dition else y. Suppose we had a boolean array and 
two arrays of values.

• A set of mathematical functions that compute statistics about an 
entire array or about the data along an axis are accessible as methods 
of the array class. You can use aggregations (often called reductions) 
like sum, mean, and std (standard deviation) either by calling the 
array instance method or using the top-level NumPy function

Mathematical and Statistical Methods



Basic array statistical methods



Methods for Boolean Arrays 



Sorting



Unique and Other Set Logic

• NumPy has some basic set operations for one-dimensional ndarrays. 
A commonly used one is np.unique, which returns the sorted unique 
values in an array:



Array set operations



Linear Algebra



Commonly used numpy.linalg functions 



List of numpy.random functions 
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