
Vectorization using Numpy and Pandas
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 Calculate average height and BMI

# height and weight
data = [
    [170, 68],
    [180, 70],
    [160, 60],
]
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Vectorization: A better way to handle tabular data

list  & dict : Not optimized for tabular data

import numpy as np

# Create numpy array from list of lists
data = np.array([
    [170, 68],
    [180, 70],
    [160, 60],
])

height = data[:, 0] # select first column
weight = data[:, 1] # select second column

average_height = np.mean(height)

bmi = weight / (height / 100) ** 2 3



Numpy

Package that provides foundation for vectorized operations in Python

import numpy as np
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Numpy arrays: Data structures for vectorization

np_1d = np.array([1, 2, 3, 4, 5])
print(np_1d.shape) # (5,)

np_2da = np.array([[1, 2, 3, 4, 5]])
print(np_2da.shape) # (1, 5)

np_2db = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]])
print(np_2db.shape) # (3, 3)

5



Subsetting (1d array)

np_1d = np.array([1, 2, 3, 4, 5])

print(np_1d[0])     # 1
print(np_1d[1:3])   # [2 3]
print(np_1d[1:])    # [2 3 4 5]
print(np_1d[:3])    # [1 2 3]
print(np_1d[:])     # [1 2 3 4 5]
print(np_1d[-1])    # 5
print(np_1d[-3:])   # [3 4 5]
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Subsetting (2d array)

np_2d = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]])

print(np_2d[0])     # [1 2 3]
print(np_2d[0, 1])  # 2
print(np_2d[:, 1])  # [2 5 8]
print(np_2d[0, :])  # [1 2 3]
print(np_2d[1:, :]) # [[4 5 6] [7 8 9]]
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Filtering

np_1d = np.array([1, 2, 3, 4, 5])

cond = np_1d > 3   # [False False False  True  True]
print(np_1d[cond]) # [4 5]

8



Mathematical operations (1d array)

np_1da = np.array([1, 2, 3, 4, 5])
np_1db = np.array([6, 7, 8, 9, 10])

print(np_1da + np_1db) # [ 7  9 11 13 15]
print(np_1da - np_1db) # [-5 -5 -5 -5 -5]
print(np_1da * np_1db) # [ 6 14 24 36 50]

print(np.mean(np_1da)) # 3.0
print(np.sum(np_1da))  # 15
print(np.std(np_1da))  # 1.4142135623730951
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Mathematical operations (2d array)

axis  parameter specifies the dimension along which the operation is performed.

np_2d = np.array([[1, 2, 3], [4, 5, 6]])

print(np.sum(np_2d, axis=0)) # by column. [5 7 9]
print(np.sum(np_2d, axis=1)) # by row. [ 6 15]

print(np.mean(np_2d, axis=0)) # by column. [2.5 3.5 4.5]
print(np.mean(np_2d, axis=1)) # by row. [2. 5.]

print(np.dot(np_2d, np_2d.T)) # [[14 32] [32 77]]
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Broadcasting

Array with smaller shape is "broadcast" to match the shape of the larger array.

np_2d = np.array([[1, 2, 3], [4, 5, 6]])
np_1d = np.array([10, 20, 30])

print(np_2d + 10)

print(np_2d + np_1d)

11



Pandas

Built on top of NumPy

To support user-friendly vectorized operations for tabular data

import pandas as pd
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Pandas DataFrame

Numpy array + Index & Column
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Pandas Series  & DataFrame

Series : 1-d array

DataFrame : 2-d array
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Pandas DataFrame for
tabular data

import pandas as pd

data = {
    'name': ['John', 'Jane', 'Mary'],
    'age': [25, 30, 27]
}
df = pd.DataFrame(data)

print(df.index)     # [0 1 2]
print(df.columns)   # ['name', 'age']
print(df.head())
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Subsetting

Selecting columns

df['name']
df[['name', 'age']]
df.loc[:, 'name']

Selecting rows

df.loc[0]
df.loc[0:2]

Selecting rows and columns

df.loc[0, 'name']
df.loc[0:2, ['name', 'age']]
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Filtering (using loc )

cond = df['age'] > 25 # [False True True]
df[cond]
df.loc[cond]

cond2 = (df['age'] > 25) & (df['name'] == 'John')
df.loc[cond2, 'name']
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Mathematical operations

df['age'] + 5
df['age'] * 2

df['age'].mean()
df['age'].sum()

df['bmi'] = df['weight'] / (df['height'] / 100) ** 2
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Convert between Numpy and Pandas

# Convert DataFrame to NumPy array
np_2d = df.to_numpy()
np_2d = df.values

# Convert NumPy array to DataFrame
df2 = pd.DataFrame(np_2d, columns=['name', 'age'])

# Convert Series to NumPy array
np_1d = df['age'].to_numpy()
np_1d = df['age'].values

# Convert NumPy array to Series
s = pd.Series(np_1d)
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 HR Data Analysis ( pandas  or numpy )

1. Create a Pandas DataFrame or Numpy array from the employee data.

2. Use filtering to select employees from the "IT" department.

3. Use another filter to select employees with a salary greater than $60,000.

4. Calculate the average salary of all employees.

5. Calculate the average salary of the employees in the "IT" department.
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