Introduction to NumPy
NumPy is a Python library created in 2005 that performs numerical calculations. It is generally used for working with arrays.
NumPy also includes a wide range of mathematical functions, such as linear algebra, Fourier transforms, and random number generation, which can be applied to arrays.
What is NumPy Used for?
NumPy is an important library generally used for:
· Machine Learning
· Data Science
· Image and Signal Processing
· Scientific Computing
· Quantum Computing
Why Use NumPy?
Some of the major reasons why we should use NumPy are:
1. Faster Execution
In Python, we use lists to work with arrays. But when it comes to large array operations, Python lists are not optimized enough.
Numpy arrays are optimized for complex mathematical and statistical operations. Operations on NumPy are up to 50x faster than iterating over native Python lists using loops.
Here're some of the reasons why NumPy is so fast:
· Uses specialized data structures called numpy arrays.
· Created using high-performance languages like C and C++.

2. Used with Various Libraries
NumPy is heavily used with various libraries like Pandas, Scipy, scikit-learn, etc.
Import NumPy in Python
We can import NumPy in Python using the import statement.
import numpy as np
The code above imports the numpy library in our program as an alias np.
After this import statement, we can use NumPy functions and objects by calling them with np.
Note:
· If we import NumPy without an alias using import numpy, we can create an array using the numpy.array() function.
· Using an alias np is a common convention among Python programmers, as it makes it easier and quicker to refer to the NumPy library in your code.
NumPy Array Creation
An array allows us to store a collection of multiple values in a single data structure.
The NumPy array is similar to a list, but with added benefits such as being faster and more memory efficient.
Numpy library provides various methods to work with data. To leverage all those features, we first need to create numpy arrays.
There are multiple techniques to generate arrays in NumPy, and we will explore each of them below.
Create Array Using Python List
We can create a NumPy array using a Python List. For example,

import numpy as np

# create a list named list1
list1 = [2, 4, 6, 8]

# create numpy array using list1
array1 = np.array(list1)

print(array1)

# Output: [2 4 6 8]
In the above example, we first imported the numpy library as np and created a list named list1. Notice the code
array1 = np.array(list1)
Here, we have created an array by passing list1 as an argument to the np.array() function.
Instead of creating a list and using the list variable with the np.array() function, we can directly pass list elements as an argument. For example,
import numpy as np

# create numpy array using a list
array1 = np.array([2, 4, 6, 8])
print(array1)

# Output: [2  4  6 8]
This code gives the same output as the previous code.
Note: Unlike lists, arrays can only store data of a similar type.

Create an Array Using np.zeros()
The np.zeros() function allows us to create an array filled with all zeros. For example,
import numpy as np

# create an array with 4 elements filled with zeros
array1 = np.zeros(4)

print(array1)

# Output: [0. 0. 0. 0.]
Here, we have created an array named array1 with 4 elements all initialized to 0 using the np.zeros(4) function.
Note: Similarly we can use np.ones() to create an array filled with values 1.

Create an Array With np.arange()
The np.arange() function returns an array with values within a specified interval. For example,
import numpy as np

# create an array with values from 0 to 4
array1 = np.arange(5)

print("Using np.arange(5):", array1)

# create an array with values from 1 to 8 with a step of 2
array2 = np.arange(1, 9, 2)

print("Using np.arange(1, 9, 2):",array2)
Output:
Using np.arange(5): [0 1 2 3 4]
Using np.arange(1, 9, 2): [1 3 5 7]
In the above example, we have created arrays using the np.arange() function.
· np.arange(5) - create an array with 5 elements, where the values range from 0 to 4
· np.arange(1, 9, 2) - create an array with 5 elements, where the values range from 1 to 8 with a step of 2.

Create an Array With np.random.rand()
The np.random.rand() function is used to create an array of random numbers.
Let's see an example to create an array of 5 random numbers,
import numpy as np

# generate an array of 5 random numbers
array1 = np.random.rand(5)

print(array1)
Output:
[0.08455648 0.56379034 0.66463204 0.97608605 0.30700052]
In the above example, we have used the np.random.rand() function to create an array array1 with 5 random numbers.
This code generates a different output each time we run it.

Create an Empty NumPy Array
To create an empty NumPy array, we use the np.empty() function. For example,

import numpy as np

# create an empty array of length 4
array1 = np.empty(4)

print(array1)
Output:
[1.47966080e-316 0.00000000e+000 9.06092203e-312 2.47218893e-253]
· Here, we have created an empty array of length 4 using the np.empty() function.
· If we look into the output of the code, we can see the empty array is actually not empty, it has some values in it.
· It is because although we are creating an empty array, NumPy will try to add some value to it. The values stored in the array are arbitrary and have no significance.

NumPy N-D Array Creation
NumPy is not restricted to 1-D arrays, it can have arrays of multiple dimensions, also known as N-dimensional arrays or ndarrays.
An N-dimensional array refers to the number of dimensions in which the array is organized.
An array can have any number of dimensions and each dimension can have any number of elements.
For example, a 2D array represents a table with rows and columns, while a 3D array represents a cube with width, height, and depth.
There are multiple techniques to create N-d arrays in NumPy, and we will explore each of them below.
N-D Array Creation From List of Lists
To create an N-dimensional NumPy array from a Python List, we can use the np.array() function and pass the list as an argument.
Create a 2-D NumPy Array
Let's create a 2D NumPy array with 2 rows and 4 columns using lists.
import numpy as np

# create a 2D array with 2 rows and 4 columns
array1 = np.array([[1, 2, 3, 4],
                  [5, 6, 7, 8]])

print(array1)
Output:
[[1 2 3 4]
 [5 6 7 8]]
In the above example, we first created a 2D list (list of lists) [[1, 2, 3, 4], [5, 6, 7, 8]] with 2 rows and 4 columns. We then passed the list to the np.array() function to create a 2D array.
Create a 3-D NumPy Array
Let's say we want to create a 3-D NumPy array consisting of two "slices" where each slice has 3 rows and 4 columns.
Here's how we create our desired 3-D array,
import numpy as np

# create a 3D array with 2 "slices", each of 3 rows and 4 columns
array1 = np.array([[[1, 2, 3, 4],
                [5, 6, 7, 8], 
                [9, 10, 11, 12]],
                     
                [[13, 14, 15, 16], 
                 [17, 18, 19, 20], 
                 [21, 22, 23, 24]]])

print(array1)
Output:
[[[ 1  2  3  4]
  [ 5  6  7  8]
  [ 9 10 11 12]]

 [[13 14 15 16]
  [17 18 19 20]
  [21 22 23 24]]]
Here, we created a 3D list [list of lists of lists] and passed it to the np.array() function. This creates the 3-D array named array1.
In the 3D list,
· The outermost list contains two elements, which are lists representing the two "slices" of the array. Each slice is a 2-D array with 3 rows and 4 columns.
· The innermost lists represent the individual rows of the 2-D arrays.
Note: In the context of an N-D array, a slice is like a subset of the array that we can take out by selecting a specific range of rows, columns.
Creating N-d Arrays From Scratch
We saw how to create N-d NumPy arrays from Python lists. Now we'll see how we can create them from scratch.
To create multidimensional arrays from scratch we use functions such as
· np.zeros()
· np.arange()
· np.random.rand()
Create N-D Arrays using np.zeros()
The np.zeros() function allows us to create N-D arrays filled with all zeros. For example,
import numpy as np

# create 2D array with 2 rows and 3 columns filled with zeros
array1 = np.zeros((2, 3))


print("2-D Array: ")
print(array1)

# create 3D array with dimensions 2x3x4 filled with zeros
array2 = np.zeros((2, 3, 4))


print("\n3-D Array: ")
print(array2)
Output:
2-D Array: 
[[0. 0. 0.]
 [0. 0. 0.]]

3-D Array: 
[[[0. 0. 0. 0.]
  [0. 0. 0. 0.]
  [0. 0. 0. 0.]]

 [[0. 0. 0. 0.]
  [0. 0. 0. 0.]
  [0. 0. 0. 0.]]]
In the above example, we have used the np.zeros() function to create a 2-D array and 3-D array filled with zeros respectively.
· np.zeros((2, 3)) - returns a zero filled 2-D array with 2 rows and 3 columns
· np.zeros((2, 3, 4)) - returns a zero filled 3-D array with 2 slices, each slice having 3 rows and 4 columns.
Note: Similarly we can use np.ones() to create an array filled with values 1.
Create N-D Array with a Specified Value
In NumPy, we can use the np.full() function to create a multidimensional array with a specified value.
For example, to create a 2-D array with the value 5, we can do the following:
import numpy as np

# Create a 2-D array with elements initialized to 5 
numpy_array = np.full((2, 2), 5)

print("Array:", numpy_array)
Output:
[[5 5]
[5 5]]
Here, we have used the np.full() function to create a 2-D array where all elements are initialized to 5.
Creating Arrays With np.random.rand()
The np.random.rand() function is used to create an array of random numbers.
Let's see an example to create an array of 5 random numbers,
import numpy as np

# create a 2D array of 2 rows and 2 columns of random numbers
array1 = np.random.rand(2, 2)


print("2-D Array: ")
print(array1)

# create a 3D array of shape (2, 2, 2) of random numbers
array2 = np.random.rand(2, 2, 2)


print("\n3-D Array: ")
print(array2)
Output:
2-D Array: 
[[0.13198621 0.54730421]
 [0.36570987 0.16233836]]

3-D Array: 
[[[0.15666007 0.4580507 ]
  [0.84769856 0.76699589]]

 [[0.45395202 0.39944328]
  [0.62999479 0.39629496]]]
Here,
· np.random.rand(2, 2) - creates a 2D array of 2 rows and 2 columns of random numbers.
· np.random.rand(2, 2, 2) - creates a 3D array with 2 slices, each slice having 2 rows and 2 columns of random numbers.
Create Empty N-D NumPy Array
To create an empty N-D NumPy array, we use the np.empty() function. For example,
import numpy as np

# create an empty 2D array with 2 rows and 2 columns
array1 = np.empty((2, 2))

print("2-D Array: ")
print(array1)

# create an empty 3D array of shape (2, 2, 2) 
array2 = np.empty((2, 2, 2))

print("\n3-D Array: ")
print(array2)
Output:
2-D Array: 
[[8.86495615e-317 0.00000000e+000]
 [2.21149159e-316 1.76125651e-312]]

3-D Array: 
[[[1.0749539e-316 0.0000000e+000]
  [0.0000000e+000 0.0000000e+000]]

 [[0.0000000e+000 0.0000000e+000]
  [0.0000000e+000 0.0000000e+000]]]
In the above example, we used the np.empty() function to create an empty 2-D array and a 3-D array respectively.
If we look into the output of the code, we can see the empty array is actually not empty, it has some values in it.
It is because although we are creating an empty array, NumPy will try to add some value to it. The values stored in the array are arbitrary and have no significance value.

NumPy Data Types
A data type is a way to specify the type of data that will be stored in an array. For example,
array1 = np.array([2, 4, 6])
Here, the array1 array contains three integer elements, so the data type is Integer(int64)), by default.
NumPy provides us with several built-in data types to efficiently represent numerical data.
NumPy Data Types
NumPy offers a wider range of numerical data types than what is available in Python. Here's the list of most commonly used numeric data types in NumPy:
1. int8, int16, int32, int64 - signed integer types with different bit sizes
2. uint8, uint16, uint32, uint64 - unsigned integer types with different bit sizes
3. float32, float64 - floating-point types with different precision levels
4. complex64, complex128 - complex number types with different precision levels
Check Data Type of a NumPy Array
To check the data type of a NumPy array, we can use the dtype attribute. For example,
import numpy as np

# create an array of integers 
array1 = np.array([2, 4, 6])

# check the data type of array1
print(array1.dtype) 

# Output: int64
· In the above example, we have used the dtype attribute to check the data type of the array1 array.
· Since array1 is an array of integers, the data type of array1 is inferred as int64 by default.
Example: Check Data Type of NumPy Array
import numpy as np

# create an array of  integers
int_array = np.array([-3, -1, 0, 1])

# create an array of floating-point numbers
float_array = np.array([0.1, 0.2, 0.3])

# create an array of complex numbers
complex_array = np.array([1+2j, 2+3j, 3+4j])

# check the data type of int_array
print(int_array.dtype)  # prints int64

# check the data type of float_array
print(float_array.dtype)  # prints float64

# check the data type of complex_array
print(complex_array.dtype)  # prints complex128
Output:
int64
float64
complex128
Here, we have created types of arrays and checked the default data types of these arrays using the dtype attribute.
· int_array - contains four integer elements whose default data type is int64
· float_array - contains three floating-point numbers whose default data type is float64
· complex_array - contains three complex numbers whose default data type is complex128
Creating NumPy Arrays With a Defined Data Type
In NumPy, we can create an array with a defined data type by passing the dtype parameter while calling the np.array() function. For example,
import numpy as np

# create an array of 32-bit integers
array1 = np.array([1, 3, 7], dtype='int32')

print(array1, array1.dtype)
Output:
[1 3 7] int32
In the above example, we have created a NumPy array named array1 with a defined data type.
Notice the code,
np.array([1, 3, 7], dtype='int32')
Here, inside np.array(), we have passed an array [1, 3, 7] and set the dtype parameter to int32.
Since we have set the data type of the array to int32, each element of the array is represented as a 32-bit integer.
Example: Creating NumPy Arrays With a Defined Data Type
import numpy as np

# create an array of 8-bit integers
array1 = np.array([1, 3, 7], dtype='int8')

# create an array of unsigned 16-bit integers
array2 = np.array([2, 4, 6], dtype='uint16')

# create an array of 32-bit floating-point numbers
array3 = np.array([1.2, 2.3, 3.4], dtype='float32')

# create an array of 64-bit complex numbers
array4 = np.array([1+2j, 2+3j, 3+4j], dtype='complex64')

# print the arrays and their data types
print(array1, array1.dtype)
print(array2, array2.dtype)
print(array3, array3.dtype)
print(array4, array4.dtype)
Output:
[1 3 7] int8
3. [2 4 6] uint16
[1.2 2.3 4] float32
[1.+2.j 2.+3.j 3.+4.j] complex64
NumPy Type Conversion
In NumPy, we can convert the data type of an array using the astype() method. For example,
import numpy as np

# create an array of integers
int_array = np.array([1, 3, 5, 7])

# convert data type of int_array to float
float_array = int_array.astype('float')

# print the arrays and their data types
print(int_array, int_array.dtype)
print(float_array, float_array.dtype)
Output:
[1 3 5 7] int64
[1. 3. 5. 7.] float64
Here, int_array.astype('float') converts the data type of  int_array  from int64  to float64  using  astype().
NumPy Array Attributes
· In NumPy, attributes are properties of NumPy arrays that provide information about the array's shape, size, data type, dimension, and so on.
· For example, to get the dimension of an array, we can use the ndim attribute.
· There are numerous attributes available in NumPy, which we'll learn below.
Common NumPy Attributes
Here are some of the commonly used NumPy attributes:
	Attributes
	Description

	ndim
	returns number of dimension of the array

	size
	returns number of elements in the array

	dtype
	returns data type of elements in the array

	shape
	returns the size of the array in each dimension.

	itemsize
	returns the size (in bytes) of each elements in the array

	data
	returns the buffer containing actual elements of the array in memory


To access the Numpy attributes, we use the . notation. For example,
array1.ndim
This returns the number of dimensions in array1.

Numpy Array ndim Attribute
The ndim attribute returns the number of dimensions in the numpy array. For example,
import numpy as np

# create a 2-D array 
array1 = np.array([[2, 4, 6],
                  [1, 3, 5]])

# check the dimension of array1
print(array1.ndim) 

# Output: 2

In this example, array1.ndim returns the number of dimensions present in array1. As array1 is a 2D array, we got 2 as an output.
NumPy Array size Attribute
The size attribute returns the total number of elements in the given array.
Let's see an example.
The size attribute returns the total number of elements in the given array.
Let's see an example.
import numpy as np

array1 = np.array([[1, 2, 3],
                 [6, 7, 8]])

# return total number of elements in array1
print(array1.size)

# Output: 6
In this example, array1.size returns the total number of elements in the array1 array, regardless of the number of dimensions.
Since these are a total of 6 elements in array1, the size attribute returns 6.

NumPy Array shape Attribute
In NumPy, the shape attribute returns a tuple of integers that gives the size of the array in each dimension. For example,
import numpy as np

array1 = np.array([[1, 2, 3],
                [6, 7, 8]])

# return a tuple that gives size of array in each dimension
print(array1.shape)

# Output: (2,3)
Here, array1 is a 2-D array that has 2 rows and 3 columns. So array1.shape 
returns the tuple (2,3) as an output.

NumPy Array dtype Attribute
We can use the dtype attribute to check the datatype of a NumPy array. For example,
import numpy as np

# create an array of integers 
array1 = np.array([6, 7, 8])

# check the data type of array1
print(array1.dtype) 

# Output: int64
In the above example, the dtype attribute returns the data type of array1.
Since array1 is an array of integers, the data type of array1 is inferred as int64 by default.

NumPy Array itemsize Attribute
In NumPy, the itemsize attribute determines size (in bytes) of each element in the array. For example,
import numpy as np

# create a default 1-D array of integers
array1 = np.array([6, 7, 8, 10, 13])

# create a 1-D array of 32-bit integers 
array2 = np.array([6, 7, 8, 10, 13], dtype=np.int32)

# use of itemsize to determine size of each array element of array1 and array2
print(array1.itemsize)  # prints 8
print(array2.itemsize)  # prints 4
Output
8
4
Here,
· array1 is an array containing 64-bit integers by default, which uses 8 bytes of memory per element. So, itemsize returns 8 as the size of each element.
· array2 is an array of 32-bit integers, so each element in this array uses only 4 bytes of memory. So, itemsize returns 4 as the size of each element.

NumPy Array data Attribute
· In NumPy, we can get a buffer containing actual elements of the array in memory using the data attribute.
· In simpler terms, the data attribute is like a pointer to the memory location where the array's data is stored in the computer's memory.
· Let's see an example.
import numpy as np

array1 = np.array([6, 7, 8])

array2 = np.array([[1, 2, 3],
                   [6, 7, 8]])

# print memory address of array1's and array2's data
print("\nData of array1 is: ",array1.data)

print("Data of array2 is: ",array2.data)
Output:
Data of array1 is: <memory at 0x7f746fea4a00>
Data of array2 is:  <memory at 0x7f746ff6a5a0>
Here, the data attribute returns the memory addresses of the data for array1 and array2 respectively.
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