Class XII - Chapter 1 — Working With Numpy

Introducing Python Pandas

v' Python Panda is Python’s library for data analysis.
v' Panda- “Panel Data Analysis”

What is Data Analysis?

It refers to process of evaluating big data sets using analytical & statistical tools so as to discover usefulinformation and
conclusion to support business decision making.

Python pandas & Data Analysis

v' Python pandas provide various tools for dataanalysis and makesita simple and easy process.
v Authorof Pandasis Wes Mckinney.

Using Pandas
v' Pandasis an opens source library built for Python programming language, which provides high performance

data analysistools.
v" In orderto work with pandasin Python, you need to import pandas library in your python environment.

v Benefits of using Panda for Data Analysis
1.1t can read or write in many different data formats(integer,float,double,etc.)
2.1t can calculate in all ways data is organized, i.e., across rows and down columns.
3.1t can easily select subsets of data from bulky datasets and even combine multiple datasets together.

4.1t has functionality to find and fill missing data.
5.1t supports advanced time-series functionality(Timeseries forecastingis the use of a model to predict future

values based on previously observed values)

**pandas is best at handling huge tabular data sets comprising different data formats.

NumPy Arrays

v" NumPy(‘Numerical Python’ or ‘NumericPython’) is an open source module of Python that offers functions and

routines forfast mathematical computation on array and matrices.
v" In orderto use Numpy, you mustimportinyour module by using a statement like:

import numpy as np
You can use any identifiername in place of

np

v" The above statement has given np as alias name for numpy module. Once imported you can use
both namesi.e. numpy or np for functions, e.g. numpy.array( ) issame as np.array( ).

Array

v Itreferstoa named group of homogenous (of same type) elements. E.g. students array containing 5
entriesas[34, 37, 36, 41, 40] then studentsisan array.

Types of Numpy array

v' A NumPyarray is simply a grid that contains values of the same/homogenous type. NumPy Arrays

comein two forms:
e 1-D(one dimensional) arrays known as Vectors(having single row/column only)

e Multidimensional arrays known as Matrices(can have multiple rows and columns)
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Example 1: (Creatinga 1-D Numpy array)

import numpyas np

list=1[1,2,3,4]

al=np.array(listje—————— |t will create aNumPy array from
print(al) the givenlist

Output: [1,2,3,4]
**Individual elements of above array can be accessed justlike you access a list’si.e. arrayname [index]

Example 2: (Creatinga 2-D Numpy array)

import numpyas np

a7 =np.array([[10,11,12,13] , [21,22,23,24] ])

print(a7[1,3]) \ Thisis a 2-D array havingrank 2
print(a7[1][3]) \

print(a7) You can access elements of multi-

dimension arrays as
<array>[row][col]
or as

<array>[row, col]
Output:

24
24
[[10111213]
[21 22 23 24]]

Storage of 2D Arrays in Memory

Elements of arrays are stored in contiguous memory locations. Therefore, 2D arrays are linearized for
storage purpose inone of these two alternatives.

(i) Row-majororrow wise
(ii) Column-major or column-wise

Row Major Implementation of 2D Arrays

This linearization technique stores firstlythe first row of the array, thenthe second row of the array, then
the third row, and so forth.

Row0 Row1 Row2 Row 3 Row4

2 IR
s Dataz2, 1]
Data A[2, 1] ¢+—

(a) (b)

Figure 1.1 (a) Logical implementation (b) Physical Row-major implementation
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Column Major Implementation of 2D Arrays

This linearization technique stores firstlythe first column of the array, thenthe second column of the array,
thenthe third column, and so forth.

1__ Data[2, 1]
col 0 col 1 col 2 col 3 col 4 col 5
Figure 1.2 Column-major implementation. A—

Terms associated with Numpy Arrays

1. Axes
v' Numpy referstothe dimensions of its arrays as axes. The axes of an ndarray also describe the order
of indexingin multi-dimensional ndarrays.

axis=0
axis =1
= (2 rows, 5 columns)
= 1 2% Lo A L [N
b, o o J A two-dimensional
s | [Hes|i7sl s i R0 SlSdolll ~1 . . amay
P
ndarray3 1 3 —~ = >
]
o | et 3.k g
. b 8 el 0 A three-dimensional
2 9 9 array
>
=] 12 | 12
I
o] 13 ?\/ E
15 | 15
\J /

v Axesare always numbered Oonwards for ndarrays.
2. Rank
v The numberof axesinan ndarrayis called its rank.
Shape
v The shape of an ndarray tells about the number of elements along each axis of it.
Datatype(dtype)
v’ Ittellsaboutthe type of data stored in the ndarray.
v’ By default, ndarrays have the datatype as float.

w

b

5. Itemsize
v Thisterm refers tothe size of each element of an ndarray in bytes.
v/ The datatype and itemsize are related. The itemsizeis as perthe datatype e.g., fordatatype int16(16
bitinteger), the itemsizeis 2 bytes(equal to 16 bits).

6. type() functionin NumPy
v' Itisusedto check the type of objects in Python.

Example:
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importnumpy as np

list=[1,2,3,4]

al=np.array(list)

a2 =np.array([[10,11,12,13] , [21,22,23,24] ])
print(type(al))

print(type(a2))

print

(
(
print(
(

al.shape)«
a2.shape)

print(a2.itemsize)e_

array in bytes.

Output:

zclass ‘numpy.ndarray’>
<class ‘numpy.ndarray’>

(4.)

(2, 4)

4

Difference between NumPy and List

The shape attribute gives the dimensions of aNumPy array.

The itemsize attribute returns the length of each element of

S.No. NumPy List
1 Once a Numpy array is created, you cannot Size can be changed.
change its size.
2. Every NumPy array contain elements of List can contain elements of different datatype.
homogenoustypes, i.e. all its elements have one
and only one data type.
3. NumPy arrays supportvectorized operations,i.e. | It doesnotsupportvectorized.
if you applya function, itis performed on every
iteminthearray.
NumPy Data Types
The NumPy arrays can have elementsin datatypes supported by NumPy. Following table are the datatypes
supported by NumPy:
i 75,'\7179_ i VDataiT;pe Description e _S,‘z,e,, Lo
: 18 | bool_ Boolean data type (stores True or False) 1 byte
2. f int . Default type to store integers in int32 or int64 4 or 8 bytes
3 ‘ int8 Stores signed integers in range —128 to 127 1 byte
4. intlé Stores signed integers in range —32768 to 32767 2 bytes
5. int32 Stores signed integers in range —2'¢ to 2'® -1 4 bytes
6. inte4 Stores signed integers in range —2%* to 2321 8 bytes
7. uint8 Stores unsigned integers in range 0 to 255 1 byte
8. uintl6 Stores integers in range 0 to 2'® -1 2 bytes
9. uint32 Stores integers in range O to 2321 4 bytes
10. uintée4 Stores integers in range 0 to 264 1 8 bytes
11. float_ Default type to store floating point (float64) 8 bytes
12. floatl6 Stores half precision floating point values 2 bytes
(5 bits exponent, 10 bit mantissa)
\ 13. float32 Stores single precision floating point values 4 bytes
(8 bits exponent, 23 bit mantissa) e |
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S.No. | Data Type A ~ Description ; o Sl sy Sizes s
14. |floate4 Stores double precision floating point values 8 bytes
(11 bits exponent, 52 bit mantissa)
15. | complex_ Default type to store complex numbers (complex128) 16 bytes

16. |complex64 | Complex numbers represented by two float32 numbers for real | 8 bytes
and imaginary value components.

17. | complex128 | Complex numbers represented by two float64numbers for real | 16 bytes
and imaginary value components.

18. |string_ Fixed-length string type. 1 byte per character

19. |unicode_ Fixed-length Unicode type. number of bytes
platform specific

Creating Numpy Arrays

1. Usingarray( ) function
The array( ) is useful for creating ndarrays from existing lists and tuples. (see example given on pg.no.2)

2. Usingfromiter
e To create ndarrays from sequence of all types (numericsequence, or string sequence or
dictionaries etc.), you can use fromiter( ) function.

e Thesyntaxto use fromiter()functionis:
numpy.fromiter(<iterable sequence >, dtype=<datatype>, [count=<number of elements to be read>])

If skipped, then all the elements are read.

ndarray from a dictionary

adict={1:‘A’,2:8’,3:‘C’",4:'D’,5:'F'}
ar5 = np.fromiter(adict, dtype=np.int32)

The above statement will create an ndarray from the keys of dictionary adict having numpy
datatypeint32 (i.e., 32 bits or 4 bytes long).

ndarray from a String

Each element of ndarray can have length of 2 unicode
astr = “thislsTrue” / characters.
ar6 = np.fromiter(astr, dtype="U2")
print(ar6)

print(ar6[0], ar6[4])

picking a smaller set of elements from a sequence using fromiter( )

astr = “thislsTrue”

ar7 =np.fromiter(astr, dtype="U1", coung—-?:)\

print(ar7) count=3 means only first 3 characters will be

picked from the string astr for the ndarray.

3. Creatingarrays with a numerical range using arange()
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arange( ) createsa NumPy array with evenly spaced values within a specified numerical range. Itis used as:
<arrayname> = numpy.arange([start,] stop [, step ] [, dtype ])

@ The start, stop and step attribute provide the values for starting value stopping value and
step value for a numerical range. Start and step values are optional. When only stop value
is given , the numerical range is generated from zero to stop value with step 1.

@® The dtype specifies the datatype for the NumPy array.

Example:
import numpy as np
arrl = np.arange(7)
print(arrl)
arr2=np.arange(1,7,2,np.float32)
print(arr2)

Output:
[0123456]

[1. 3. 5.]

4. Creatingarrays with a numerical range using linspace( )
linspace()isusedtogenerate evenly spaced elements between two given limits.

<arrayname> = numpy.linspace(<start>, <stop>, <number of values to be generated>)

Example:
import numpyas np
arrl = np.linspace(2,10,3)
print(arrl)

Output:
[ 2. 6.10.]

5. Creatinga 2-dimensional ndarrays using array( )
Referexample 2on page no. 2.

6. Creating 2D ndarray using arange( )

Two steps: 1. Create an ndarray using arange( )
2. Reshape the ndarray created in previous step using reshape( ) as per syntax:

<ndarray>.reshape(<rows, columns>)
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** The no. of elements in the originally created ndarray must be the same as that of new 2D array being
created through reshape( ).

You can also combine arange( ) and reshape( ) in single statement as shown below:
ary = np.arange(8.0) . reshape(2, 4)
print(ary)

7. Creatingempty arrays using empty()
Sometimesyouneedto create empty arrays or an uninitialized array of specified shape and dtype, in
which you can store actual data as and whenrequired. For this you can use empty( ) function as:

‘numpy . empty (shape, [dtype = <Python's datatype or NumPy datatype>,] [ order = 'C' or 'F'])
(In place of numpy, you can also use np as you have given alternate name for numpy as np in the
import statement)

@ shape specifies the dimensions and is given as list e.g., [row, cols]

@ order as ‘C’ arranges array elements row-wise in memory that is, first row’s elements then
the second row’s elements and so on. (‘C’ means ‘C’ - like)

@ order as ‘F’ arranges array elements row-wise in memory that is, first row’s elements then
the second row’s elements and so on. ('F’ means ‘Fortran’ - like)

Both dtype and order are optional. By default dtype is taken as float, i.e. when you do not specify
any dtype. Similarly default order is ‘C’.

** Aftercreatingempty array, if you display the contents of the array, it will display any random contents,
which are uninitialized garbage values.

Example:
import numpy as np No dtype specified
arrl = np.empty([3,2])4/
arr2 = np.empty([3,4], dtype=np.int8f—— dtype specified asint8
print(arrl.dtype, arr2.dtype)

print(arrl)e_

empty( ) creates array with any random garbage values
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Output:
floated intd
[[2.67276450e+185 1.695061438+190]

[1.75184137e+190 9.48819320e+077]
[1.63730399e-306 0.00000000e+000]]

8. Creatingarrays filled with zero using zeros( )
The function zeros( ) takes same attributes asempty( ), and creates an array with specifies sizeand type

but filled with zeros.

numpy.zeros(shape, [dtype = <Python's datatype or NumPy datatype>,] [ order="'C" or Y
(In place of numpy, you can also use np as you have given alternate name for numpy as np in the

import statement)
@ shape and order attributes work in identical way as in empty( ) ( refer to syntax details of

empty( ) function above)

Example:

import numpy as np
arrl = np.zeros([3,2],dtype=np.int64)

print(arrl)

Output:
[[o0]

[00]

[0 0]]

9. Creatingarrays filled with 1’s usingones()
The function ones( ) takes same attributes as empty( ), and creates an array with specified sizeand type

but filled with ones.
numpy .ones(shape, [dtype = <Python's datatype or NumPy datatype>,] [ order ="'C' or 'F'])

(In place of numpy, you can also use np as you have given alternate name for numpy as np in the

import statement)
@ shape and order attributes work in identical way as in\empty( ) ( refer to syntax details of

empty( ) function above)

Example:

import numpy as np
arrl = np.ones([3,2],dtype=np.int64)

print(arrl)

Output:
[

—

1
1]
1]

** There are three more functions empty_like(), zeros_like() and ones_like() that you can use to create an

[
[
[1

array similarto anotherexistingarray.

Accessing Individual Elements using Array Indexing
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1. For 1D arrays -Syntax:<1D array>[<index>]

0

Aﬂ‘w

23

11

18

Ar[1] = 23

Ar[@] = 17

2. For 2D arrays — Syntax: (i) <2D array> [<rowindex>, <columnindex>]
(ii)<2D array>[<rowindex>][<columnindex>]

hyl)

1

0 1 2 3
17 23 11 18
55 33 28 27

Ary[e][e] = 17

**Negative indexes are alsovalid like in lists orstrings,

i o ) 8 L VI S A |
Ar’ 17 ; 23 11 l 18 \
| i s i et ) St VK
‘lY o/2| 17 | 23 | 11 | 18
y-1.] 55.|.33 |.28 | 27
Array Slices

Arix]i=23

¥ Ar[-4] = 17

Ary[-2, -3]
A=)

Ary[-2][-4] = 17

Ary[1, 2] = 28

Ar[3] = 18

Ar[2] = 11

Ary[0, 3] =18

.‘;T‘y[l] [e] =55

Ar[-1] = 18

Ar[-2] = 11

=23 Ary[-2, -1] = 18

Ary[-1, —4] =55

o |treferstothe process of extracting a subset of elements from an existingarray and returningthe
resultas anotherarray, possibly in adifferent dimension fromthe original.

Syntax for performingslicing : <Arrayname>[<start>: <stop> : <step>]

e When<start>, <stop> or <step> values are not specified then Python will assume their default values

as:

start=0

stop = dimensionsize

step=1

1D Array Slices
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;Iiven NumPy Array Ar = =np.array([2, 4, 6, 8, 10, 12, 14, 16])
e ind SN SR
1D array slice Description Example

Ar[n:m] Extract 1D slice from n to m-1 >>>Ar[3:7]
array([ 8, 10, 12, 14])

Ar[:m] Extract 1D slice from 0 to m-1 >>>Ar[:5]

array([ 2, 4, 6, 8, 10])
Ar[n:] Extract 1D slice from n to the end >>>Ar[4:]

array([10, 12, 14, 16])
Ar[n:-1] Extract 1D slice from n to end -1 >>> Ar[:-1]

array([2, 4, 6, 8, 10, 12, 14])
Ar[n:-2] Extract 1D slice from n to end -2 >>> Ar[:-2]

array([2, 4, 6, 8, 10, 12])
Ar[n:-2] Extract 1D slice from n to end -3 >>>Ar[:-3]

array([2, 4, 6, 8, 10])
Ar[n:m:k] Extract 1D slice from n to m-1 picking | >>> Ar[2:7:2]
b every kth element array([6, 10, 14])

2D Array Slices
e Forextractingaslice froma 2D array, you need to specify syntax as:

/ row slicing parameters [ column slicing parameters

{ 33 |
<array> [<start>:<stop>:<step>, <start>, <stop>:<step>]

e Like 1D array slices, when not specified, <start> takes default value 0, <stop>takes dimension size
and <step>takes defaultvalue of 1.

e 2D array sliceiscomputedas:

(i) Extract rows as perrow slice specified.
(ii) On the extracted rows, apply columnsslice to get the desired 2D array slice.
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0/-5

1/-4

2/-3

3/-2

0-5 1/4 2/-3 32 4/-1
2 4 6 8 10
12 14 16 18 20
22 24 26 28 30
32 34 36 38 40

Example 1 Slice Ary[:3, 3:]

16,7

row
index < 3

row slice = :3

column slice = 3:

ro

Thus 2D slice will have

rows with index < 3
columns with 3 < col-index < 5

0 1 2 3 4

2 1 6 8 10

12 14 16 18 | 20

22 24 26 | 288 EN00

32 34 36 | 38 | 40
S

3 <col-index < 5

= start = 0, stop = 3, step = 1
i.e., all row indexes : row-index < 3

= start =3, stop =5, step=1
i.e., all column indexes : 3 < col-index< 5

A 5x 5 array

[4 rows x 5 columns]

This meets the criteria and
hence is the resultant slice
(see output)

-

In [35]: Ary
Out[35]:
array([[ 2, 4, 6,

In [36]: Ary[ :3, 3: ]

[12, 14, 16, 18, 20],
[22, 24, 26, 28, 30],
[32, 34, 36, 38, 40]])

Out[36]:
array([[ 8, 10],

[18, 20],
[28, 30]])

8, 18],

B o o o e ey ke
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Example 2. Slice Ary[1::2,: 3]

row slice= 1::2

= start=1, stop =4, step =2

.e., all row indexes >1 and < 4 and pick every 2nd row skipping in between

col slice =: 3

= start =0, stop =3 i.e., col-index < 3

Thus 2D slice will be

\

Out of the row slices,

extract values as per
column slices.

/

01 274 6 8 | 10
r =
1 12 14 16 18 20
rows with indexes /f: = -
>1and <4 and
every 2nd row 2’ 22 24 726 28 30
picked “\\\\_
3l 32 | 34 | 36 | 38 | 40
|
|
! —
1 o
Col-index< 3

Thus the result will be as shown here.

Qut[38]:
array([[12, 14, 16],

Example 3 Ary[::3,::2]

row slice =::3

In [38]: Ary[1: :2, ¢

(32, 34, 36]11)

= start=0, stop =4, step =3
i.e., pick every 3rd row starting from Oth row
such that row index remains < 4

column slice =::2

= start =0, stop =5, step =2

i.e., pick every 2nd column starting from Oth column
such that col-index remains < 5.

Thus 2D slice will be

rows as per

24

26

28

30

- row slice
\2. 22

38

Columns as per column slice.

Thus 2D slice will be

|

: In [39]: Ary[: :3, : 12] :
| Out[39]: :
Il array([[ 2, 6, 10], !
| (32, 36, 40]]) |
|
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Example 4 Ary[-3:-1,-5:: 2]
row slice =—3:-1
= start = -3, stop = -1, step =1

_3 < row-index < -1, rows with indexes -3, -2

column slice=-5::2

= start=-5, stop=4or—1, step=2

-5 < col-index < -1, picking every 2nd column

Thus the extracted 2D slice will be

=5 4 =3 =2 =1
4| 2 4 6 8 10
=3 12 14 16 18 20
=3 <row-index < = 1
=2 92 24 26 28 30
=] 32 34 36 38 40

Thus 2D slice will be

{ In [88]: Ary[-3:-1, -5! :2]
| Out[88]:

; array([[12, 16, 20],

! [221 261 ”1])

e e s . e e e J

=5 <colindex < = 1,
every 2nd column

e e e
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e > 9 T
gome more ¢ xamples of 2D array slicing are being given below NOTE

T Giving dimensions as [:: -1, : : 1]

leeﬂ NumPy Array Ary
array([[ 2, 4, 6, 8, 10],
(22, 24, 26, 28, 30],

(12, 14 reverses the entire 2D ndarray in both
» 14, 16, 18, 20], dimensions i.e., horizontally as well as
(32, 34, 36, 38, 40] 1) vertically. Solved problem 11 uses this.

.
[’/;D array slice o Description Example
Ary[ﬂ?'“:j:k] flrl:;r)nzj[)t(:l;:}; with rows from n to m-1, and columns >>> Ary[1:3, 3:5]
array([[18, 20],
e i et [28; 30]])
Ary[n:m, :] The 2D slice with rows from 0 to m-1, all columns >>> Ary[1:3, ]
array([[12, 14, 16, 18, 20],
A T : e [22, 724, 26, 285 38]])
Ary[:,3:K] Thc 2D slice all rows, and columns from >>> Ary[ : , 3:5]
gtk array([[ 8, 1@],
[18, 20],
[28, 30],
R SRRV E A e S . WO - )| S

Ary[n:m:p,Jj:k:1] Tlll*:e 2D slice with rows from n to m-1 picking every |>>> Ary[1:4:2, 1:5:3]

p~ row, and columns from j to k-1 picking every | array([[14, 20],

B Column e e CRENag, ARl L
Ary[n:-1,:] The 2D slice with rows from n to end -1, all columns >>> Ary[2:-1,]
The 2D slice with rows from n to end -2, all columns | array([[22, 24, 26, 28, 30]])
Ary[n:-2,:] >>> Ary[1:-2,]
i = , array([[12, 14, 16, 18, 20]])
Ary[:,3:-2] The 2D slice all rows, columns j to k-2 >>> Ary[: , 1:-2]
array([[ 4, 6],
[14, 16],
[24, 26],
e [34, 36]]) Vil
Ary[n,:] The 2D slice with row n, all columns >>> Ary[3, ]
array([32, 34, 36, 38, 40])
Ary[:,n] The 2D slice with all rows, column n >>> Ary[:, 2]
array([ 6, 16, 26, 36])
Ary[3,::-1] The 2D slice with row 3, all columns; with every [>>> Ary[3, ::-1]
element reversed array([40, 38, 36, 34, 32])
Ary[:3,::-1] The 2D slice with all rows < 3, all columns, with | >>> Ary[:3, ::-1]
reversed elements array([[10, 8, 6, 4, 2],

[20, 18, 16, 14, 12],
[30, 28, 26, 24, 22]])

N’Y[3 1:-2] The 2D slice with all rows < 3, from all columns pick | >>> Ary[:3, ::-2]
s every 2nd column in reversed order. array([[10, 6, 2],
R b [20, 16, 12],

[3e, 26, 22]])
A The 2D slice with rows as -3 < row <-1 and from |>>> Ary[-3:-1, -4: :2]

columns, pick every 2nd column array([[14, 18],
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Joining or Concatenating NumPy Arrays

1. Usinghstack() and vstack()
2. Usingconcatenate()

1. Combining existing arrays horizontally or vertically

e Sometimesyouwantto create a 2D array from existing 1D or 2D arrays by stackingthem nextto
one another, e.g.

e Ifyouhavetwo 1D arrays as:

[1lalo]s] [elslviau

Now, you may wantto create a 2D array by stackingthese two 1D arrays

horizontallyas:

1w e gl als) s

Syntax : numpy. hstack(<tuple containing names of 1D arrays to be stacked>)

or, verticallyas:

Syntax : numpy. vstack(<tuple containing names of 1D arrays to be stacked>)

e Considerfollowingexamples. Suppose you have following sequences/arrays:
Ist1=11, 2, 3]
Ist2=1[4, 5, 6]
Ist3=1[9, 8,71,
[6, 5, 4]]
Istd=[1[4],
(511
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Now you can combine them vertically using vstack( ) as :

. In [58]: sarl
sarl=np.vstack( ( 1sti, 1st2)) gﬁf_g‘:ﬁl s
y 3 4, »
7 [4, 5, 611)
Make sure to provide the names of existing J
arrays/lists/tuples etc. in a tuple (I):tE::} ?;ﬂ;;hape
sar2 = np.vstack( (1st2, 1st3)) In [61]: sar2
7 out[61]:
Vertically stacked Ist2 and Ist3 array([%;, ;' g%’
[6, 5, 411)

In [62]: sar2.shape
out[62]: (3, 3)

sar3 =np.hstack( (1st3, 1st4) )

J In [64]: sar3
= S Al 3 - Oout[64]:
Horizontally stacked Ist3 and Ist4 orexli(s. 8. 7. 41,

{6, 5, 4, 511

In [65]: sar3.shape
out[65]: (2, 4)

** for hstack( ) to work, the arrays beingjoined must matchintheirvertical size(rows)and for vstack( ) to work,
the arrays beingjoined must matchin theirhorizontal size (columns).

Joining 2D arrays using hstack( ) and vstack( )

>>>Arrl=np. array([[e, 1, 21,
[3, 4, 5],
[61 7, 8]])
>>>Arr2 =np.array([[1e, 11, 12],
[13, 14, 15],
116, 17, 1811
>>> Arr3 = np.vstack((Arri, Arr2))

>>> Arr3
array([[ e, 1, 2],
['3. 458 See, the two
arrays Arr1 and
[6, 7, 8], Arr2 got joined
[109; 11,821 vertically

[13, 14, 157,
[16, 17, 18]])
>>> Arrd = np.hstack((Arrl, Arr2))

>>> Arrd
array([[ 0, 1, 2, 10, 13.; 121, T
[ 3: 4: 5: 13) 14: 15]) arraysAm:::
Arr2 got joi
[ 6, 7485 16, 17, 18]1]) = 3
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2. Combining existing arrays using concatenate()

e Thesyntax for using concatenate()is:
numpy. concatenate(<tuple of arrays to be joined>, [axis =<n>] )

e Theaxis argument specifies the axis along which arrays are to be joined. If skipped, axisis

assumedas O (i.e., alongthe rows).

If you specify axis=1, thenarrays are joined onaxis 1, i.e., along the columns.

e [faxisis 0, thenthe shape of the arrays being joined must match on column dimension.
Ifaxisis 1, thenthe shape of the arrays beingjoined must match on rows dimension.

Considerthe following arrays:

arl =
shape(3, 3)

axis 0

ar3 =
shape(3, 2)

axis 1

ar5 =
shape(2, 4)

1
5
25800
ST )

E\amplr ]

— F=
ar2 = 4 B
shape(2, 3) :
ard = 2
shape(3, 1) 8
5
P

NOTE

If arrays shape match on axis 0, then they are joined with axis
argument as 1 and for matching shape on axis1, they are
joined with axis argument as 0.

WL S

> Jarl=np.concatenate((ar1, ar2), axis =9)

Example 2

arl, ar2 match on axis1 shapes

joining on axis 0

F 3]
6
2
2
1

O | | =|00|pH»

=N W e

>>> jar2 = np.concatenate((arl, ar3), axis = 1)

>>> jar2

array([[3, 4

arl, ar3 match on axis 0 shapes,
Joining on axis 1

3 1 6 1
6 5 2 al
2 3 8 5
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Example 3
>>> jar3 = np.concatenate((arl, ard), axis =1)
>>> jar3
array([[3, 4, 1, 2],

(6, 8,5, 8],
f2.:1,3, 51E)

Example 4
>>> jar4 = np.concatenate((ar2, arl), axis =0)
>>> jard
array([[2, 4, 2],

[1) 9} 1]’
(3, 4,1],
(6, 8, 5],
[2, 1, 3]1])

Example 5

>>> jars = np.concatenate((ar2, ar5), axis=1)
>>> jar5

array([[2)4:2:1:2:819]: | 2 l 4 1
1 9 6

[1,:9;:4,6,3,4,511)

-

Transposing an array for concatenation

With transpose, the axes get swapped and you can join the arrays on non-matchingaxis. To getthe
transpose of an array, all you need to write is:

<array>.T
Example:
joining arl and transpose of ar2(ar2.T) arl and ar2.1 having
Example 6 : matching shapes on axis 0, thus joining on axis 1.

>>>jar6é =np.concatenate( (arl, ar2.T), axis =1)
>>> jaré
array([L[3,:4,:1, 2, 315 3 4 1 2

[6,8; 5, 4, 9], 6 - 8 5 4 9

(25 332,200 e 2 | 2

** |f you specify axis = None, then the arrays gets flattened. E.g.

Splitting NumPy Arrays to Get Contiguous Subsets
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1. The hsplit() and vsplit() functions

hsplit( ) function is used to extract the subsets of a Numpy array after splitting it horizontally.

Similarly, you can use vsplit( ) function to extract the subsets of a Numpy array after splitting it
vertically.

T In horizontal split, the

array will be split on
the horizontal axis

: A et These will

|

I

]

I ! become
o X

: :

|

i / individual
- L In'vertical split, the 7 -j====== - :/ arrays
TR NG array will be split on
These will become the vertical axis L

individual arrays

(a) Horizontal split through hsplit( ) (b) Vertical split through vsplit( )

Figure 1.4 The working of hsplit( ) and vsplit( ).

The syntax of using hsplit() and vsplit( ) is similar, whichis:
numpy.hsplit(<array>, <n>)
numpy.vsplit(<array>, <n>)

where <array> is the NumPy array, and <n> is the no. of sections/subsets in which the array is to
be divided.

The <n> must be chosen so that it results in equal division of <array>, otherwise an error will be
raised.

Considerfollowing array with 4 x 6 dimensions, namely ary,

0 1 3 4. - 6. |
6 7 8 9. 10 11
4 elements on
verticalaxis | 15 | 13 | 14 | 15. | 16. | 17
| ] 18- flgge e gl ] - O
'

4——— 6 elements on »
horizontal axis

So, horizontally we can splitthe arraysin 2 equal parts or 3 equal partsi.e, following two
statements will yield equal subsets of array with horizontal split.
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np. hsplit(ary, 2)
np.vsplit(ary, 3)

The O/P produced by above two statements will be :

In [2@]: np.hsplit(ary, 2) l B, B Dss 3., 4., 5.
BN . o o e e o o o 6., 7., 8.,08 9., 10., 11,
t[array([[ ©., 1., 2.], 1[,*" 12., 13., 14.,'[} 15., 16., 17.
: %6-, 7., 13-%, , 18, , 19., 20.,88 21., 22., 25.

R 3
] ) ) 3 1 =5
l' _____ Ll&-..Ji-...ZQilD...' “‘.-l"‘ ?

BERSVOLlE 3. 4.0 5], i Lass® we L
: ol o1e - 31.1, : i v \w\'l? u&guow
; fis ia8  a7. 1, oY M\:m,\vov\f.\ﬂ ’

o (21, 22, 3.1 | oy 8

In [22]: np.hsplit(ary, 3) : o e o
Y e § 8., 148 2., 3. 4o nne)
AT Tt Spt e e “,"7_' 6., 7.p 8., 9.l1e., 11.1
: TSRy IR AT (12., 13804, , 15 J16. 800
l [12., 13.], 4 23-5 IR0 2l e
! 18., 19.1]), P JmEmm 7
IarraY([[ 2 Yt -: “““‘ “““

I [ 8. 9.] i ““ “‘

: [14,: 15_]: 1“..."‘ “““' Q\\\\p\e\.\s
ey £ R T A R o

:array([[ 205 : “‘,“ .10&&\‘\

: (10 11,7, 4 Hae AR

" R D N

! [22., 23.1])] ¢ o

But, np.hsplit(ary, 4) will give error, because the array ary cannot be equally dividedin4 or 5

subsets.

Functionvsplit() worksidentically as hsplit( ), butit divides the array subsets on vertical axis.

But, np.vsplit(ary, 3) will raise an error.

...................... =

In [11]: np.vsplit{ary, 2) VI‘ e., 1., 2., 3., 4., 5]

OUt{ll]: ’O“ I[;ﬁ_:.:-_].'.:.__8,9.1-‘9__-3_19.-.1_1.1.2‘
[ovvay([[ 0., 1., 2., 3., 4., 5.3,

(6., 7., 8., 9.,10,., 5. 100 ]

rray({ ; Ly 18 X y I P B I

y a/(ﬁ;.' 5 e Z %i)l" o S a0, 85, b

e [.18., 19., 20., 21., 22., 23,

e You can assignthese split subsets toindividual array names and use them as peryour convenience,

e.g.
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In[]: arl, ar2 = np.vsplit(ary,2)

In[]: arl

out[14]: array([[ @., 1., 2., 3., 4., 5.1,
[6., 7' 8., 9. 30,3151 1)

In[]: ar2

out[15]: array([[12., 13., 14., 15., 16., 17.],
[18.:,°19,, 20.,21., 220,23 1)

In[]: a1, a2, a3 =np.hsplit(ary,3)

In[]: a1l

Dut[17]): array([[9.,'1.];
[6., 7.1,
(12, A3
[18.,19.11)

In[]: a2

out[18]: array([[ 2., 3.1,
[8': 9-]:
r{4., 1505
[20.,21.11)

In[]: a3

out[19]: array([[ 4., 5ol
§38, , 113

[16.; 325
99,23 11

N

Usingthe split() function

allows the splitting (horizontally or vertically) by providing axis argument.(axis =0 for horizontal axis based
division, axis =1for vertical axis based division).

split() allows you to divide array into equal as well as non-equal subarrays.

The syntax for using split()isas given below:
numpy.split(<array>, <n>|<1Darray>, [axis=0])

<array> is the Numpy array to be split.

With 2nd argumentas <n>, foraxis =0, it behavesasvsplit() and foraxis =1, itbehavesas hsplit( ).
If 2nd argumentis given as 1D array then <array> is splitin unqual subarrays as explained below.
The axis argumentis optional and if skipped, it takes the value Oi.e., on horizontal axis. For axis =
1, the splithappens onvertical axis.

YV VY

e.g. (for1D array)

arld= [10; 11, 12, 13; 14, 15, 16, 17, 184 194
np.split(arid, [2, 6])
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2 6

/4]

[0:21 [2:

And then 1D array is sliced as per these slice ranges, i.e.,

0 1 2 3 -+ 5 6 7. 8 9 10

{ 10 ’ 1| J 12 13 14 15 16 17 18 19 20
: Il Il |
[0:2] [2:6] [6:]

10451 125113, 71 x1d SRS 16. i 17| 18 S IaN la

e.g.(for 2D array)- considerthe 2D ndarray ary.

o)
ok

0. 3 4.

1o 13. 14. 15. 16. 17

18. 19, 20. 21. 2L 12

np.split(ary, [1, 4])

The given subset argument is [1, 4]
/ l,l 4
[0:1] [1:4] [4:]
Since no axis is given, split will occur on vertical axis, i.e., as

0 1 2 3 4 5|

0 0. 155 2 3. 4. 5, 01

1 6. T 8. 9. 10. 1k

2| 12, | 13. | 14 {536 NIE16 Ml o d

3/l 8 19. 20. 2%, 22; 23

] 4: <« empty array

Extracting Condition based Non-contiguous Subsets
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e You can extract non-contiguous subsets of a Numpy array by applying condition on the NumPy array. The
specified condition will be applied to each element of the array and the elementsmeeting the criteria will be
part of the subset array returned. This is done with the help of extract( ) as per following syntax:

numpy.extract(<condition>, <array>)

<condition>isa condition applied on an ndarray.
<array> is the ndarray on which the <condition>is applied.

Framing <condition> for extract ()

condition = np mod(ary, 5

name given to condition / \

This condition will be applied to each element of ndarray ary and for each element, the result of
the condition (i.e., True/False) will be stored in a 2D array form.

condition to check if element(s) of
ndarray ary is divisible by 5

In [11]: ary \rNdarray ary on which
Outf11]: X following condition is
af‘f‘a)'([% 2-, i-, g-: g-: 13'! 12'%’ applied and the result is
.y .y .3 .y .y <3y
9 B e 15 16, 9.1, stored as cond1
3 3 3 3

[18., "19.,.20.; 21, 22.; 23.1D
In [12]3 condl = np.mod(ary, 5)== @

N L L L L T S T TR T R L

In [13]: condl

The cond1 created above is

Out[13]: actually a Boolean array storing
array([[ True, False, False, False, False, True], : the result of condition
[False, False, False, False, True, False],& :
[False, False, False, True, False, False], (Tr‘ue‘I _False) applied to each
[False, False, True, False, False, Falsel]) individual element of ary

Once you have saved the condition with aname, you can extract elements from the ndarray by using
extract()as:

np.extract(condl, ary)

And python will returna 1D array containingall the elements which satisfy the condition.

' np.extract(condl, ary)
array([ 0., 5., 10., 15., 20.])

Arithmetic Operations on 2D Arrays

Arithmeticoperations (addition, subtraction, division, multiplication, remainder etc.)
The arithmeticoperations on 2D arrays can be performedintwo ways:
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(i) Using Operators — The syntax for using operatorsis:
<ndarrayl> +<n> | <ndarray2>
<ndarrayl> - <n> | <ndarray2>
<ndarrayl> * <n> | <ndarray2>
<ndarrayl> /<n> | <ndarray2>
<ndarray1l> % <n> | <ndarray2>

The result of above operationsis an ndarray.

(i) Using NumPy Functions — add( ), subtract(), multiply(), divide(), mod() or remainder().
The syntax of usingthe arithmeticfunctionsis:

Numpy.add(<ndarrayl>, <n>|<ndarray2>)
Numpy.subtract(<ndarray1l>, <n>|<ndarray2>)
Numpy.multiply(<ndarray1>, <n>|<ndarray2>)
Numpy.divide(<ndarray1>, <n>|<ndarray2> )
Numpy.mod(<ndarrayl>, <n>|<ndarray2> )
Numpy.remainder(<ndarrayl>, <n>|<ndarray2> )

* <n>- scalar value
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Arrays used in Examples

In [83]): ary
o3 e Bp: o |
arr 8, T 2y % t(397]: ‘
ay([[ e, 1., 2., 3., &, 5], array([[ 2.1, 3.1, 4.1, 5.1, 6.1, 7.11,  aeray([[2, 2 :
8 2,004 5. un y(l02, 2, 2, 2, 2, 2), |
e ’ [ 8.1, 9.1, 10.1, 11.1, 12.1, 13.1], 2, 2,2 A
(12., B, K., 15., 6., 17.] ’ ’ (2, 2, 2, 2, 2, 3), |
SR g S [14.1, 15.1, 16.1, 17.1, 18.1, 19.1], I3 22 2 2],
4 = on S ion e T [20.1, 211, 22.1, 23.1, 24.1, 25.1]]) (2, 2, 2, 2, 2, 2])) |
i
—
Arithmetic 4
Operation With Scalar Value With Another ndarray |
Add ‘I):: {g% ary + .3 In [69]: ary + new
t Out[69]:
arvay([l 8:3, 1.3, 2.3, 3.3, 4.3, 53k array([[ 2.1, 4.1, 6.1, 8.1, 10.1, 12.1],
[63, 7.3, 8.3, 8.3 W3 1130 [14.1, 16.1, 18.1, 20.1, 22.1, 24.1],
[12.3, 13.3, 14.3, 15.3, 16.3, 17.3], [26.1, 28.1, 38.1, 32.1, 34.1, 36.1],
[18.3, 19.3, 20.3, 21.3, 22.3, 23.3]]) B, 421, .1, 461, 48.1]])
In [74]: np.add(ary, .3) In '{2”}: np.add(ary, new)
Out[74]: Out[70@]:
arcay([[ .3, 1.3, 2.3, 3.3, 4.3, 5.3], array([[ 2.1, 4.1, 6.1, 8.1, 181, 12.1];
[ 6.3, 7.3, 83 93, 13 B3 [14.1, 16.1, 18.1, 20.1, 22.1, 24.1],
. g At 1 A e [26.1, 28.1, 30.1, 32.1, 34.1, 36.1],
[12.3, 13.3, 14.3, 15.3; 16:3; 12.3), [38.1, 0.1, 42.1, 44.1, 46.1, 48.1]])
[18.3, 19.3, 20.3, 21.3, 22.3, 23.3]]) C s T R e
Subtract In [64]: ary - 6 In [66]: new - ary
Out[64]: Out[66]:
array([[-6., -5., -4., -3., -2., = 1) 8 array([[2.1, 2.1, 2.1, 2.1, 2.1, 2.5}
B a., 2., 3., 4., 5., f2, 3t 1% 2., 2, A1,
{ g., 1;., 12., lg., ig., B }]) E2.1, 212901 9.4, 2.1]i
R . 14, 15., 16., i At ol 2.1, 2.1, 211D
In [65]: np.subtract(ary, 6) In [67]: np.subtract( new, ary)
Out[65]: Out[67]:
array([[-6., -5., -4., -3., -2., -1.], array([[2.1, 2.1, 2.1, 2.1, 2.1, 2.1],
2, 3., 4., 5.), P20, 2t 0.0,.05% 1),
{6., 7., 8, 9., 1@, 11.], 2. 2.0, 3.3, 3.1 34, 14,
[12., 13., 14., 15., 16., 17.]]) [2.1, 2.1, 2.1, 2, 2.3, 2:1]])
Multiply In [75]: ary * . In [1@9]: ary * twos
Out[75]: Out[109]:
array([[0. , ©.3, 0.6, 0.9, 1.2, 1.5], array([[ ©., 2., 4., 6., 8., 10.],
118,21, 238, 2.7, 3. , 3.3], AR, 16., 18., 20., 22.],
Es.s, 3.9, 4.2, 4.5, 4.8, S.I}i) Eu., BE 08, 3., 32., 34.],
5.4, 5.7, 6. , 6.3, 6.6, 6.9 36., 38., 40., 42., 44., 46.]])
In [76] np.multiply(ary, .3) In [110]: np.multiply(ary, twos)
out[76]: Out[110]:
array([[0. , ©.3, ©.6, 0.9, 1.2, 1.5], array([[ ©., 2., 4., 6., 8., 10.],
(8. 0, 24, 27,3, 5 3.3], B TAT a6 18, 20., 22.],
[3.6, 3.9, 4.2, 4.5, 4.8, 5.1], [24., 26., 28., 3., 32., 34.],
(5.4, 5.7, 6. , 6.3, 6.6, 6.9]]) [36., 38., 4., 42., 44., 46.]])
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| "
\ ithmetic ; y
\ ?)r;)temtion l With Scalar Value 1 With Another ndarray
| Divide In [97]: ary/S | In [111]: ary / twos
! Out[97]: Out[111]:
‘ array([[0. , ©.2, 6.4, 0.6, 0.8, 1. ], array(IL 8. , 0.5,. 2.5 3.5,22. 6 28k
§ | (1.2, 1.4, 1.6, 1.8, 2., 2.2], {3, 35, 4. arn s s G Th
; (2.4, 2.6, 2.8, 3., 3.2, 3.4], [ 6008555\ 7 V75, A greig gl
i [3.6, 3.8, 4. , 4.2, 4.4, 4.6]]) { 9., 9.5,.10.5 40.5, 11i.. . 91.5]1)
\
| In [98]: np.divide(ary, 5) In [112]: np.divide(ary, twos)
l Out[98]: Out[112]:
| array([[6. , 0.2, 0.4, 0.6, 0.8, 1. ], arvay([[ 0 10.5," 1., NS ous o,
‘ [1.2, 1.4, 1.6, 1.8 2 5 2 008 [035 50935, A4 b e da S i Sus e 5 ST
, [2.4, 2.6, 2:8, 3322 41 [ 655 -i6:55 o Tov i ali5 i 8ok 5 u B ST,
[3.6, 3.8, 4., 2.2 4.4 2:61]) [{9., 9.5, 10., 10.5, 11. , 11.5]])
Remainder In [59]: ary % 4 In [62]: ary % new
| out[59]: out[62]:
array([{0., 15, 2., 35 oS arvay (Ll 0., 0 4.5 "2 S 30 g T ke
[2., 8., 0. 1552818 [i6s, 2, 8L B9 Ae T
[0.,1., 2.; 3.0, 505 12,5013, 14 15,936, 7 1)
(2.5 3., 0.4 S0 Ret ) [18., 19., 20., 21., 22., 23.]])
In [6@]: np.remainder(ary, 4) In [63]: np.mod(ary, new)
Out[6@]: Out[63]:
array([10:; 2.5 035005501505 array([[ 0., 1., 2., 3., 4., 5.],
[2., 3., Gagalt a2 u3 | [6., 7., 8., 9., 10., 11.],
{8:, 4., 20 35 sastiAis]s [12., 13.; 147 35 R 16 vT00
£2., 3., 05510 0 Sy (18., 19., 20., 21., 22., 23.]])

Applications of Numpy Arrays

1. Covariance

Covariance

2. Correlation

3. Linearregression

Itisa toolinstatisticsin which we can compare two different datasets.

The intuitive idea behind covariance is that it tells us how similarvarying two datasets are. A high positive

covariance between 2 datasets means that they are strongly similar. Similarly, a high negative covariance
between 2 datasets means that they are very dissimilar.

Calculating covariance using cov( )

- Numpy provides afunction namely cov( ) to calculate covariance, which can be used as:

numpy.cov(<arrl>,<arr2>)
where <arrl> and <arr2> are two sets of observations.

The resultwill be nx n matrix where nisthe number of variables for which covariance is calculated.

e.g.

import numpy as np
a =np.array([1,2,3,4,5])
b=np.array([3,4,0,-1,-3])
cov_mat = np.cov(a, b)
print(cov_mat)

Output:
[[2.5
[-4.25

7

’

-4.25],
8.3]]

Covariance (Negative values indicate
they are not very similar)

The four values of cov_mat generated are like this:
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cov_mat[0][0] = var(a)

cov_mat[0][1] = covariance(a, b)

cov_mat[1][0] = covariance(b,a) =covariance(a,b)
cov_mat[1][1] = var(b)

Correlation
Whenyou need to know only whethertwo data sets are similar and differentand not how similaror
different, you use correlation.
It is basically normalised covariance.
It give two values: 1if the data sets have positive covarianceand -1if the datasets have negative
covariance.
To calculate correlation, you can use coeff() of numpy() as :
numpy.corrcoef(<arrl>, <arr2>)

e.g.
import numpy as np
a =np.array([1,2,3,4,5])
b =np.array([3,4,0,-1,-3])
correlation_mat = np.corrcoeff(a, b)
print(correlation_mat)

Output:

[[1 , -0.93299621] ,

[-0.93299621 , 1 11

Linear regression
Suppose,we have asetof ordered pairs {(x1, Y1), (X2, Y2), «oeeey (X0, Yn)} Where all y,are dependent on x;. Our
objective istofind theirrelation, how they are dependenton x. Thisis called regression. If relation between
xandy islinear, thatisy=ax +b, thenitis called linear regression.
So, linearregressionisamethod usedtofind a relationship between adependentvariableand aset of
independentvariables.
For finding outlinear regression, Numpy function polyfit( ) is used. The syntax of polyfit() is:

numpy. polyfit(x,y, deg)

where
X isan array containing x-coordinates of the M sample points.
y is an array having same shape as x and contains y-coordinates of the sample points.
degree —specifies the degree of the polynomial.

3k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
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Class XlI - Chapter 2 — Python Pandas

DataFrame Data Structure

v' A DataFrame is another pandas data structure, which stores data in two-dimensional array. 1t is actually a two dimensional labelled
array,which is actually an ordered collection of columns where columns may store different types of data, e.g. numeric or string
or floating point or boolean type etc.

Columns
0 4 e N-1
0 ......

w1 | e

g AUTIN-1)

24 2|
AR L/

3

M=1 | | e

v" A two dimensional arrayisanarrayinwhicheach element isitselfanarray.Forinstance,anarrayA[m][n] isan m by n table with
m rows and n columns containing m x n elements.

Characteristics

Column names

Columns ' ‘ Data Values
axis = 1 - (all values other
Mal&s| Femal€s| Persons Rural Urbap_—; i=diEien

data values)
42442146 42138631 84580777 56361702‘@075
Index 713912 669815 1383727 1066358 317369
labels
emitie 15939443 15266133 @ 26807034| 4398542
e 54278157 49821295 104099452| 9234T: 1175801
letters or
strings etc.) 12832895 12712303| 25545198 ( NaNk—_3953237
; Missing
— 739140 719405 1458545 551731 906814 51 A
axis=0

1. Ithastwo indexes or we cansaythattwo axes — a row index (axis=0) and column index (axis=1).

2. Eachvalueisidentifiablewith the combination of row index and column index. The rowindex is known as index in general and
the column index is called the column-name.

The indexes can of numbers or letters or strings.

There is no condition of havingall data of same type across columns;its columns can have data of different types.

You caneasilychangeits values,i.e., itis value-mutable.

You canadd or delete rows/columns in a DataFrame. In other words, itis size-mutable.

ou kW

Creating and Displaying a DataFrame
v" A DataFrame object can be created by passingdata intwo-dimensional format. Like series data structure, before startworking
with DataFrame the followingtwo libraries needs to be imported:

import pandas as pd
import numpy as np

v'To create a DataFrame object, you can use syntaxas:
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. k/i Both D and F are capital letters
<datFrameObject> = panda.DataFrame(<a 2D datastructure>,\ ¢

[columns = <column sequence> ], [index = <index sequence>]) Command continuation mark

1. Creating a DataFrame Object from a 2-D Dictionary
v" A two dimensional dictionary is a dictionary having items as (key: value) where value part is a data structure of any type :
another dictionary,anndarray, a Series object, a listetc. But here the value parts of all keys should have similar structure
and equal lengths.

(a) Creating a dataframe from a 2D dictionary having values as lists/ndarrays

eq.
import numpy as np
import pandas as pd

dictl={'Students': ['Ruchika', 'Neha', 'Mark', 'Gurpreet' , 'Jamaal'l,
'Marks':[79.5,83.75,74 ,88.5, 89],
'Sport' : ['Cricket', 'Badminton’, 'Football', 'Athletics', 'Kabaddi'l,
}

dtfl = pd.DataFrame(dictl)
print(dtfl)

Output:

Students Marks Sport
0 Ruchika 79.50 Cricket
1 Meha 83.75 Badminton
2 Mark 74.00 Football
3 Gurpreet 88.50 Athletics
4 Jamaal 89.00 Kabaddi

** As you cansee that the DataFrame object created hasits index assigned automatically (0 onwards)justas it happens with
Series objects, and the columns are places in sorted order. keys of the dictionary have become columns.

** You can specify your own indexes too by specifyinga sequence by the name index inthe DataFrame( ) function, e.g.
dtfl = pd.DataFrame(dictl, index=[l’, ‘lI’, ‘I1I", IV, ‘V'])
print(dtfl)

Students Marks  Sport
| Ruchika 79.50 Cricket
Il Meha 83.75 Badminton
I Mark 74.00 Football
IV Gurpreet 88.50 Athletics
YV Jamaal 89.00 Kabaddi

(b) Creating a DataFrame from a 2D dictionary having values as dictionary objects:
e.g.
import numpy as np
import pandas as pd

yr2015={'Qtrl': 34500, 'Qtr2' : 56000, 'Qtr3': 47000, 'Qtr4": 49000}
yr2016 = {'Qtrl' : 44900,'Qtr2' : 46100, 'Qtr3': 57000, 'Qtr4": 59000}
yr2017={'Qtrl': 54500, 'Qtr2' : 51000, 'Qtr3': 57000, 'Qtr4": 58500}
diSales ={ 2015 :yr2015, 2016 : yr2016, 2017 : yr2017}
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dfl = pd.DataFrame(diSales)
print(dfl)

Output:

215 2Me 207
Qtr1 34500 44900 54500
QtrZ 56000 46100 51000
Qtr3 47000 57000 57000
Qtr4 43000 59000 58500

Inthis case, Python interprets the outer dict keys as the columns and the inner keys as the row indices.

As the keys of all inner dictionaries(yr2015,yr2016, yr2017) areexactly the same in number and names, the
dataframe object df2 also has thesame number of indexes. Sincethe inner keys have valuesinall theinner
dictionaries, there is nomissingvaluein the dataframe object.

Now had there been a situation where inner dictionaries had non-matchingkeys, then in that case Python would

have done followingthings:
(i) There would have been total number of indexes equal to sum of unique inner keys in all theinner

dictionaries.
(ii) For a key that has no matching keys in other inner dictionaries, value NaN would be used to depict the

missingvalues.
Example:
import numpy as np
import pandas as pd

yr2015={"'Qtrl': 34500, 'Qtr2' : 56000, 'Qtr3': 47000, 'Qtr4d": 49000}
yr2016={'Q1': 44900,'Q2': 46100, 'Q3': 57000, 'Q4': 59000}
yr2017 ={'A"': 54500, 'B': 51000, 'C' : 57000}

diSales ={2015:yr2015,2016: yr2016, 2017 : yr2017}

dfl = pd.DataFrame(diSales)

print(dfl)
Output:
2015 2016 2017
A NaN NaN 54500.0
; <’7eys A, B, C only have values for
B NaN NaN 51000.0 dictionary yr2017 (2017:yr2017)
C NaN NaN 57000.0 hence NaN filled for other two
dicti ies.
01 NaN 44900.0 NaN e —_—
Q2 NaN 46100.0 NaN < Keys Q1, Q2, @3, Q4 only have of indexes are
Q3 NaN 57000.0 NaN values for dictionary yr2016 11 (equal to
(2016:yr2016) hence NaN filled for sum of unique
Q4 NaN 59000.0 NaN other two dictionaries. keys in inner
Qtrl 34500.0 NaN NaN _ dictionaries)
Qtr2 56000.0 NaN NaN Keys Qtr1, Qtr2, Qtr3, Qtr4 only
have values for dictionary yr2015
Rirg 470099 NaN NaN (2015:yr2015) hence NaN filled for
Qtr4 49000.0 NaN NaN other two dictionaries.
Example:

import numpy as np
import pandas as pd

yr2015={'Qtrl': 34500, 'Qtr2' : 56000, 'Qtr3': 47000, 'Qtr4": 49000}
yr2016 ={'Qtrl': 44900, 'Qtr2' : 46100, 'Q3': 57000, 'Q4": 59000}
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yr2017 ={'A": 54500, 'B': 51000, 'Qtr4' : 57000 }
diSales ={2015:yr2015, 2016:yr2016, 2017 : yr2017}
dfl = pd.DataFrame(diSales)

print(dfl)
Output:
2015 2016 2017
NaN NaN 54500.0
B NaN NaN 51000.0
Q3 NaN 57000.0 NaN Total number of indexes
are equal to total unique
Q4 NaN 59000.0 NaN nner keys.
Qtrl 34500.0 44900.0 NaN Like earlier example NaN
Qtr2 56000.0 46100.0 NaN fills the missing data
Qtr3 47000.0 NaN NaN
Qtr4 49000.0 NaN 57000.0

2. Creating a DataFrame Object from a 2-D ndarray
v You canalsopassatwo-dimensional NumPyarrayto DataFrame( ) to create a dataframe object.

Example:
import numpy as np
import pandas as pd

narrl=np.array([[40,43,53],(64,55,46]],np.int32)
dtfl = pd.DataFrame(narrl)
print(dtf1)

Output:
01 z

0 40 43 53
1 64 55 46

** As no keys are there, hence default names are given to indexes and columns,i.e. 0 onwards.

v You can however, specify your own column names and/orindex names by givinga columns sequence and/or index
sequence.
Example:
import numpy as np
import pandas as pd

narrl=np.array([[40,43,53],[64,55,46]],np.int32)
dtfl = pd.DataFrame(narrl,columns=['First','Second','Three'], index=['A",'B'])
print(dtf1)

Output:
First Second Three

40 43 &3
E 64 55 46

v Ifrows of ndarrays differinlength, i.e., if number of elements in each row differ, the Python will createjustsinglecolumnin
the dataframe object and the type of column will be considered as object.
Example:
import numpy as np
import pandas as pd
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narrl=np.array([[40,43],[64,55,46],[46.2,56.2]])
dtfl = pd.DataFrame(narrl)
print(dtf1)

Output:

0
0 [40, 43] Single column created this time
1 [&4, 55, 46] because the lengths of rows of
2 [46.2, 56.2] ndarray did not match.

3. Creating a DataFrame object from a 2D dictionary with values as Series Object

Example:
import numpy as np

import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'l)

dict2 = {0 : population, 1: Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

Output:
0 1

Delhi 10927986 7216781092

Mumbai 126591836 8508781269

Kolkata 4631392 4226785362

Chennai 4328063 5261784321

** Dataframe object created (dtf2) has columns assigned fromthe keys of the dictionaryobjectandits index assigned from
the indexes of the series objects which are the values of the dictionary object.

4. (Creating a DataFrame Object from another DataFrame Object

Example:
import numpy as np

import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avgincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {0 : population, 1: Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

dtf3= pd.DataFrame(dtf2)

print(dtf3)

Output:
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0 1
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
0 1
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321

DataFrame Attributes
When you create a DataFrame object, all informationrelatedto it (such as its size, its datatype etc.) is availablethrough attributes. You
canuse these attributes in the following formatto get information aboutthe dataframe object.

<DataFrame object>.<attribute name>

Attribute Description

index The index (row labels) of the DataFrame.

columns The column labels of the‘ DataFrame.

axes Return a list representing both the axes (axis 0 i.e., index and axis 1, ie.,
columns) of the DataFrame.

dtypes Return the dtypes of data in the DataFrame.

size Return an int representing the number of elements in this object.

shape Return a tuple representing the dimensionality of the DataFrame.

values Return a Numpy representation of the DataFrame.

empty Indicator whether DataFrame is empty.

ndim Return an int representing the number of axes/array dimensions.

T Transpose index and columns.

(a) Retrieving index(axis 0), Columns(axis 1), axes’ details and data type of columns
Example:
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglncome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'l)

dict2 = {0 : population, 1: Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print(dtf2.index)

print(dtf2.columns)

print(dtf2.axes)

print(dtf2.dtypes)

Output:
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0 1
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
Index(['Delhi, Mumbafi', Kolkata', 'Chennai], dtype="object)
Inté4Index([0, 1], dype=intad’)
[Index(['Delhi’, ‘Mumbai’, 'Kolkata', 'Chennai], dtype="object’), Inté4index([0, 1], diype="int64")]
0 inted
1 inted
dtype: object

(b) Retrieving size(number of elements), shape, number of dimensions
Use attributes size, shape and ndim to get number if elements, dimensionality and number of axes respectively of a dataframe

object, e.g.

Example:
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {0 : population, 1: Avglncome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print(dtf2.size)

print(dtf2.shape)

print(dtf2.ndim)

Output:

0 1
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
8
4, 2)
z

(c) Checking for emptiness of dataframe or presence of NaNs in dataframe
Use attribute empty to check for emptiness of a dataframe

e.g.

import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'l)

Avglncome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {0 : population, 1: Avglncome}

dtf2 = pd.DataFrame(dict2)
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print(dtf2)
print(dtf2.empty)

Output:
0 1

Delhi 10927986 72167831092

Mumbai 12691836 3508731269
Kolkata 4631392 4226785362

Chennai 4328063 5261784321
False

(d) Getting number of rows in a dataframe
The len(<DF Object>) will returnthe number of rows ina dataframe.

(e) Getting count of non-NA values in dataframe
You canusecount( ) with dataframe to get the count of Non-NaN values,but count( ) with dataframeis littleelaborate:
I. Ifyou do not pass anyargument or pass 0 (defaultis O only), then it returns count of Non-NA values for each column.
Il. Ifyou passargumentas 1,then it returns count of non-NaN values for each row.

Example:
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'l)

Avglincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {0 : population, 1 : Avglncome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print(len(dtf2))

print(dtf2.count(0))

print(dtf2.count(1))

Output:
0 1
Delhi 10927986 7216781092
Mumbai 12691836 8508731269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
4
0 4
1 4
diype: inted
Delhi 2
Mumbai 2
Kolkata 2
Chennai 2
diype: intéd
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(f) Transposing a Dataframe
You cantransposea dataframeby swappingits indexes and columns by usingattribute T,
e.g.
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avgincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {0 : population, 1: Avglncome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print(dtf2.T)

Output:
0 1

Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226735362
Chennai 4328063 5261784321
Delhi Mumbai  Kolkata  Chennai
0 10927986 12691836 4631392 4328063
1 7216781092 8508781269 4226785362 5261784321

SELECTING OR ACCESSING DATA

1. Selecting/Accessing a Column

Single column at a time
<DataFrame object> [<Column name>]
Or
<DataFrame object>.<Column name>

Multiple columns at a time
<DataFrame object>[ [columnname , columnname, .......... 1]

Example:
import numpy as np

import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avgincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'l)

dict2 = {'Population':population, 'Avg. Income' : Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

pri nt("::::::::")
print(dtf2.Population)
pri nt("::::::::")

print(dtf2[['Population’,'Avg. Income']])
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Output:

Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 52617843211

Delhi 10927986

Mumbai 12691836

Kolkata 4631392

Chennai 4328063

Mame: Population, dtype: inte4

Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321

Selecting/Accessing a SubSet from a Dataframe using Row/Column Name
For this purpose, you can use following syntax to select/access a subsetfrom a dataframe object:

<DataFrameObject>.loc [<startrow>: <endrow>, <startcolumn> :<endcolumn>]

1. To access a row, justgive the row name/label as this : <DF Object>.loc[<row label> , : ]

Make surenot to miss the COLON AFTER COMMA.

II. To access multiplerows, use: <DF object>.loc[<start row> :<endrow>, : ]
Make surenot to miss the COLON AFTER COMMA.

. To access selectivecolumns, use : <DF object>.loc[ :, <start column> , <end column>]

Iv. To access a range of columns from a range of rows, use:
<DF object>.loc [<startrow>: <endrow>, <startcolumn> :<endcolumn>]

Example:
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglncome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {'Population':population, 'Avg. Income' : Avgincome}

dtf2 = pd.DataFrame(dict2)
print(dtf2)

print("==Accessing Single row==")

print(dtf2.loc['Delhi', :])
print(dtf2.loc['Kolkata',:])

print("==Accessing Multiple rows==")
print(dtf2.loc['Mumbai': 'Chennai', :])

print("==Accessing Columns==")

print(dtf2.loc[:, 'Population'])

print("==Accessing range of columns and rows==")
print(dtf2.loc['Delhi':'Mumbai', 'Population':'Avg. Income'])

Output:
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3.

4.

Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
==pAccessing Single row==
Population 10927986
Avg. Income 7216781092
Mame: Delhi, dtype: inte4
Population 4631392
Avg. Income 4226785362
Mame: Kolkata, dtype: inte4
==Accessing Multiple rows==
Population Avg. Income
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
==Accessing Columns==
Delhi 10927986
Mumbai 12691836
Kolkata 4631392
Chennai 4328063
MName: Population, dtype: inte4
==pAccessing range of columns and rows==
Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269

Obtaining a Subset/Slice from a Dataframe using Row/Column Numeric Index/Position

Sometimes your dataframe object does not contain row or column labels or even you may not remember them. In such
cases,you can extract subsetfrom dataframeusingthe row and column numeric index/position, but this time you will use
iloc instead of loc. iloc means integer location.

<DF object>.iloc[<startrowindex>: <endrow index>, <startcolumnindex> :<endcolumn index>]

** endindex is excluded here.

Example:

import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avgincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'l)

dict2 = {'Population’:population, 'Avg. Income' : Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print(dtf2.iloc[0:2,0:1])

Output:

Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
Population
Delhi 10927986
Mumbai 12691836

Selecting/Accessing Individual Value

(i)

(ii)

Either give name of row or numeric indexinsquarebrackets with, i.e., as this:
<DF object>.<column>[<row name or row numeric index>]

You canuseat oriat attribute with DF object as shown below:
<DF object>.at [<row name>, <column name>]
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Or
<DF object>. iat [<numeric row index>, <numeric column index>]

Example:
import numpy as np

import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {'Population':population, 'Avg. Income' : Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print(dtf2.Population['Delhi'])

print(dtf2.at['Delhi', 'Population'])

print(dtf2.iat[0,0])

Output: o
Population Avg. Income

Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
10927986

10927986

10927986

5. Assigning/Modifying Data Values in Dataframe
(a) To change or modify a singledata value, usesyntax:

<DF>.<columnname>[<row name/label>] = <value>

Example:
import numpy as np

import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi',"Mumbai','Kolkata','Chennai'])

dict2 = {'Population':population, 'Avg. Income' : Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

dtf2.Population['Mumbai'] = 63819621

print(dtf2)

Output:
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Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321

Population Avg. Income
Delhi 10927986 7216781092
Mumbai 63819621 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321

6. Adding Columns , rows and Deleting Columns in DataFrames
(a) To changeoradd acolumn, usesyntax:
<DF object>[< column name >] = <new value>

Ifthe given column name does not existin dataframe then a new column with this name is added. But the rows of this
new column have the same given value.
Other ways of addinga column to a dataframe :

<DF object> . at[:, <columnname>] = <values for column>

Or

<DF Object>. loc[:, <columnname>] = <values for column >

(b) Similarly,tochange or add arow, use syntax:
<DF object> . at [xrowname> , :] = <new value>
Or
<DF Object>. loc [<row name>, : ] = <new value>
Likewise, ifthere is norow with such row label ,then Python adds new row with this row label and assigns given values to
allits columns. But the columns of this new row have the same given value.

(c) Ifyou wantto add a new columnthat has different values for all its rows, then you can assign thedata values for each
row of the column inform of alist, e.g.
<DF Object>[<column name>] = [<value>, <value>, ......]
Example:
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglincome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','"Mumbai','Kolkata','Chennai'])

dict2 = {'Population':population, 'Avg. Income' : Avgincome}

dtf2 = pd.DataFrame(dict2)

print(dtf2)

print("==Adding Column==")

dtf2['density']=1219

print(dtf2)

print("==Adding Row==")

dtf2.at['Bangalore’, : ] = 1200

print(dtf2)

print("==Adding Column with different values==")

dtf2['density']=[1500, 1219, 1630, 1050, 1100]

print(dtf2)

Output:
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Population Avg. Income
Delhi 10927986 7216781092
Mumbai 12691836 8508781269
Kolkata 4631392 4226785362
Chennai 4328063 5261784321
==Adding Column==

Population Avg. Income density
Delhi 10927986 7216781092 1219
Mumbai 12691836 8508781269 1219
Kolkata 4631392 4226785362 1219
Chennai 4328063 5261784321 1219
==Adding Row==

Population Avg. Income density
Delhi 10927986.0 7.216781e+0%9 1219.0
Mumbai  12691836.0 8.508781e+09 1219.0
Kolkata 4631392.0 4.226785e+09 1219.0
Chennai  4328063.0 5.261784e+09 1219.0
Bangalore 1200.0 1.200000e+03 1200.0
==pdding Column with different values==

Population Avg. Income density
Delhi 10927986.0 7.216781e+0% 1500
Mumbai  12691836.0 8.508781e+09 1219
Kolkata 4631392.0 4.226785e+09 1630
Chennai  4328063.0 5.261784e+09 1050
Bangalore 1200.0 1.200000e+03 1100

7. Deleting Columns and rows

To delete a column, you use del statement as this :
del <Df object>[<column name>]

To delete rows from a dataframe, you canuse:
<DF>.drop(<DF object>.index[[index value(s)]])

e.g.
import numpy as np
import pandas as pd

population=pd.Series([10927986,12691836,4631392,4328063],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

Avglncome = pd.Series([7216781092,8508781269,4226785362,5261784321],\
index=['Delhi','Mumbai','Kolkata','Chennai'])

dict2 = {'Population':population, 'Avg. Income' : Avglncome}

dtf2 = pd.DataFrame(dict2)

print("Dataframe before deletion of column")

dtf2['density']=[1500, 1219, 1630, 1050]

print(dtf2)

print("Dataframeafter deletion of column")

del dtf2['density']

print(dtf2)

print("Dataframeafter deletion of firstand third row")

print(dtf2.drop(dtf2.index[[0,2]1))

Descriptive Statistics with Pandas

sal_df

2016 2017 2918 2019
Qtrl 34500 44900 54568 61000.0
Qtr2 56000 461006 51000 NaN
Qtr3 47000 5700@ 57060@ NaN
Qtrd4 49000 59000 58500 NaN

1. Functions min() and max()

e The min()and max( ) functions find out the minimum or maximum valuerespectively.
e The syntaxfor usingmin() and max( ) is:

<dataframe>.min(axis=0 or 1, skipna = True or False, numeric_only = True or False)
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<dataframe>.max(axis=0or 1, skipna =True or False, numeric_only= True or False)

axis =0 (default) minimum calculated alongthe columns.

axis =1 minimum calculated alongthe rows.

skipna = (True or False) Exclude NA/null values when computing result

numeric_only = (True or False) Includeonlyfloat,int, boolean columns.If None, will attempt to use
everything, then use only numeric data.

e.gl
In ESB]: sal_df.min() In [40]: sal_df.max()
Out[38]: Out[4e]:
2016 34500.0 By default, the calculation is done on 2016 56000.0
2017 44900.0 index/rows , i.e., axis = 0) and for each 2017 59000.0
2018 51000.0 column the calculated result is displayed 2018 58500.9
| 2019 61000.0 2019 61000.0
‘ dtype: float64 dtype: float64
)
| In [39]: sal_df.min(axis = 1) In [41]: sal_df.max(axis = 1)
j Out[39]: - - - Out[41]:
i Qtrl 34500.0 When axis=1 argument is specified then Qtrl 61000.0
| Qtr2 46100.0 calculation is done along the columns and Qtr2 56000.0
| Qtr3 47000.0 for each row, the calculated result is Qtr3  57000.0
| Qtr4 49000.0 displayed Qtrd 59000.0
| dtype: float64 dtype: float64

e.g. 2. sal_df.min(axis=1,skipna=False)

Qtr1 34500.0

Qtrz HaM
Qtr3 MHakM
Qtrd HaM

e.g. 3. sal_df.max(axis=0, skipna=False)

2016 56000.0
2017 59000.0
2018 58500.0
2019 RETY

2. Functions mode() , mean( ) , median( )

Mode()

e Itreturns the mode value(i.e., the valuethat appears mostoften) from a set of values.
e The Syntax( ) for using mode( ) is:

<dataframe>.mode(axis=0 , numeric_only=False)

e The mode( ) gets the mode(s) of each element alongthe axis selected.

Mean()

e Itreturns the computed mean(average) from a set of values.
e The syntax() for usingmean()is:
<dataframe>.mean(axis=0 or 1, skipna = True or False , numeric_only =True or False)

Median( )
e [treturns the middlenumber from a set of numbers.

e The syntax() for usingmean()is:
<dataframe>.median(axis=0 or 1, skipna = True or False , numeric_only = True or False)

e.g.l.
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mode( )

Returns the mode
(the value
appearing the
most)

In [44]: sal_df.mode()

Qut[44]:

2016 2017
34500 44900
47000 46100
49000 57000
56000 59000

wNRe

2018
51000
54500
57000
58500

2019
61000.0
NaN

NaN

NaN

In [45]: sal_df.mode(axis = 1)
Out[45]:

(&) 1 2
Qtrl 34500.0 44900.2 54500.9
Qtr2 46100.0 51000.0 56000.9
Qtr3 57000.9 NaN NaN
Qtr4 49000.9 58500.0 59000.0

3
61000,0
Nal

Nal

NaN

median( )

Returns the
middle value

In [46]: sal_df.median()

,0ut[46]:

12016 48000.0
12017 51550.0
2018 55750.0
2019 61000.0
dtype: float6d

In [47]: sal_df.median(axis = 1)

Out[47]:

Qtrl 49700.0
Qtr2 51000.0
Qtr3 57000.0
Qtr4 58500.0
dtype: floathd

mean( )

Returns the
mean/average
value

In [48]: sal_df.mean()

Out[48]:

2016 46625.0
2017 51750.0
2018 55250.0

12019 61000.0

dtype: floatéd

e.g.2. sal_df.mean(axis=1, skipna=False)

Qtr1 48725.0

Qtr2 Hak
Qtra Hak

Qtr4 MaM

3. Functions count( ) and sum( )

COUI’It‘ I

e |t counts the non-NA entries for each row or column.

e The Syntax for usingcount( ) is:

In [49]: sal_df.mean(axis = 1)
Out[49]:

Qtrl 48725.000000

Qtr2 51033,333333

Qtr3 53666.666667

Qtrd 55500, 000000

dtype: float64

<dataframe>.count(axis=0 or 1, numeric_only=True or False)

e Itreturns the sum of the values for the requested axis.

e  The Syntax for usingsum() is:

<dataframe>.sum(axis=0 or 1, skipna = True or False , numeric_only = True or False, min_count=0 )

min_count — the required number of valid values to perform the operation, default valueis 0.

e.g.
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—_—

count( ) In [5@]): sal_df.count() In [51]: sal_df.count(axis = 1)
Returns count of \ZutiSOJ: Out[51]:
NA valiies 2016 4 Qtrl -
non 2017 4 Qtr2 3
for each 2018 4 Qtr3 3
row/column 2019 1 Qtrd 3
dtype: inté4 dtype: int64
sum( ) In [52]: sal_df.sum() In [53]: sal_df.sum(axis = 1)
Out[52]: Out[53]:
Reltumsf e f)f 2016  186500.0 Qtrl  194900.0
YAUESLOT SLVCL 2017  207000.0 Qtr2  153100.0 ;
axis. 2018  221000.0 Qtr3  161000.2
2019 61000.0 Qtr4  166500.9

dtype: float64

dtype: floaté4d

Functions quantile( ) and var( )

e The qunatile() function returns the values at the given quantiles over requested axis(axisOor1).

Quantile

- These are pointsina distributionthatrelateto the rank order of values inthat distribution.
- The quantileof avalueis the fraction of observations less than or equal to the value.

Quartiles:

[~4] Q2

Q3

- Lower Quartile(Q1) has one-fourth of data values ator below it(middle of smaller half)
- Upper Quartile(Q3) has three-fourth of data values ator below it(middle of larger half)

- Interquartilerange(lQR)= Q3 -Q2

- The only 2-quantile is called the median.
- The 3-quantiles are called tertiles or terciles.

- The 4-quantiles are called quartiles.

e The Syntax of quantile() function

<dataframe>.quantile(q=0.5 , axis =0 or 1, numeric_only=True or False)

Parameters:

g - floator arraylike, default 0.5 (50% quantile). 0<=gq<=1, the quantile(s) to compute.

- If qis an array, a DataFrame will be returned where the indexis g, the columns arethe columns of

self, and the values arethe quantiles.

- Ifqis afloat , a Series will be returned where the index is the columns of selfand the values are the

quantiles.

e.g.

In [55% sal_df.quantile(q = [0.25 asD 5
P e (a = [0.25, 0.5, 0.75, 1.8])> | {ss]@tue(q = [0.25, 0.5, 8.75, 1

2016 2017
43875.8 45800.0
48000.6 51550.8
58750.6 57560.0
56000.8 59000.0

2918
53625.e
55750.8
57375.e
58500.0

2019
61600.0
61609.08
61000.0
61000.0

rese
gALEH

\

Quantiles columnwise

0ut[56]:

11.00 61000.0

Qtrl
8.25 42300.0
8.56 49700.9
8.75 56125.0

Qtr2
48550.0
51000.0
53500.0
56000.9

Qtr3
52000.90
57000.0
57000.0

Qtrd
53750.0
58500.0
58750.0

2000 o0

Quantiles rowwise
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var( ) function

e |tcomputes varianceandreturns unbiased varianceover requested axis.
e The syntaxfor usingthe var() functionis:
<dataframe>.var(axis=0 or 1, skipna =True or False, numeric_only=True or False)

e.g.

1In [57]: sal_df.var() ' In [58]: sal_df.var(axis = 1) ;
Out[57]: i Out[58]: -
| 2016 8.0822917e+67 - 1Qtrl 1.336692e+08 :
‘2017 5.299000e+07 :QtrZ 2.450333e+07 :
12018 1.075000e+087 ! g Qtr3 3.333333e+07 '
12019 Nal i {Qtrd  3.175000e+07 "
| dtype: float64 ‘ | dtype: float64 '

Applying Functions on a Subset of Dataframe

Sometimes, you need to applya function on a selective column or a row or a subsetof the data frame.

e  ApplyingFunctions on a column of a DataFrame

To apply a function on a column, you need to use following in place of dataframe name

<dataframe>[<column name>]

And then apply the function on it (see examples below)

In [17]: sal_df[2018].min() Applying functions on individual In [19]: sal_df[2019].cour;t()
Out[17]: 51000 column of a dataframe Outfasfsa " ]

e Applying Functions on Multiple Columns of a Dataframe

To apply a function on multiple columns, you need to use following in place of dataframe
name :
& group of column names given in a list
<dataframe>[ [<column name>, <columnname>, ..] ] within [ | of dataframe. Notice double [[ ]]

And then apply the function on it (see examples below)

In [20]: sal_df[[2018, 2019]].count() In [21]): sal_df[[2018, 2019]].max()
Out[20]: Applying functions on multiple J|:> g;'lc gz:l]:sm;oe < }
2018 4 %

2019 1 columns of a dataframe 2019 ionoi

dtype: int64 dtype:r float6d

e Applying Functions on a Row of a Dataframe

To apply a function on a row, you need to use following in place of dataframe name :

<dataframe>.loc[<row index>, :]

-

And then apply the function on it (see examples below)

In [22): sal_df.loc[ Qtr2’, :].max() Applying functions on individual In [23]: sal_df.loc[ 'Qtr2‘, :].count()
out[22]: 56000.0 row of a dataframe Out[23]: 3

e Applying Functions on a Range of Rows of a Dataframe

Page 45|64



To apply a function on multiple rows, you need to use following in place of dataframe name:
<dataframe>.loc[ <start row>: <end row>, : ]

And then apply the function on it (see examples below)

In [28]: sal_df.loc[ Qtr3':'Qtra’ , :].count() ! 1In [29]: sal_df.loc['Qtr3':'Qtrd’ , :].max() 3
Out[28]: " ,0ut[29]: !
2016 2 12016  49000.0 |
017 2 12017 59000.0 3 i
2018 2 12018 58500.0 i
2919 9 12019 NaN :
dtype: int64 . dtype: float64 .

e Applyingfunctions to a subset of the Dataframes

To apply a function on a subset of dataframe, you need to use following in place of dataframe
name :

<dataframe>.loc[ <start row> : <end row>, : <start column> : <end column>]

And then apply the function on it (see examples below)

I'"""""““""'""“""""""“", o e e e e T R e e S |
'In [30): sal_df.loc[Qtr3":'Qtrd’ , 2018:2019].max() |  iIn [31]: sal_df.loc['Qtr3’:'Qtrd’ , 2018:2019].count() :
10ut(30]: ' jout[31]: '
12018 58500.0 ! 2018 2 :
12019 NaN 112019 @ !
\dtype: float64 i Idtype: int64 !
e N e PSS R S S N e S

Advanced Operations on Dataframe

1. Pivoting 2. Sorting 3. Aggregation

Pivoting

e Pivoting technique rearranges the data from rows and columns, by possibly aggregating data from multiple
sources, inareport form (with rows transferred to columns)sothatdata can be viewed in a different perspective.

e Insimplestterm, the pivoting means summarising the data in a way to make understanding of descriptive data
easier. For example, consider the followingdata:

Growl, growl, growl
Growl, growl, growl
Growl, growl, growl

Growl, growl, growl >
2 light brown and 2

dark brown bears
( 3 adults and 1 cub)

Growl, growl, growl
Growl, growl, growl

Snort, snort, snort
21 growls
Snort, snort, snort

Growl, growl, growl 9 snorts

Snort, snort, snort

Original descriptive data Data after Pivoting

Figure 2.2 Tmpact of Pivoting : (a) Original, descriptive dataset (b) Summarised data by pivoting.

Using pivot( ) function
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(i) First of all, represent data in a Dataframe datastructure of pandas :

import pandas as pd

di={ ‘Tutor’ : [ “Tahira’, ‘Gurjyot’, “Anusha’, ‘Jacob’, ‘Venkat’],
‘Classes’: [28, 36, 41, 32, 40],
‘Country’ :[ “‘USA’, ‘UK’, ‘Japan’, USA’, ‘Brazil’]

}
In [13]: dfe
dfd = pd.DataFrame(d1) Out[13]:

Classes Coumtry Tutgm
@ 23 uss  Tenirs
1 3% UK Gurjyot
2 41  Jagam Amusha
3 32 usa Tacaty
a 2@ Brazil Vemat

(ify Once you have represented your data in the form of a dataframe, you can pivot it using
function pivot() as per following syntax :

<dataframe>.pivot(index = <columnname>, columns = <columnname>,
values = <columnname>)

e.g.
dfd.pivot(index = ‘country’, columns = “Tutor’, values = ‘classes’)
pivot(index 7 , columns =‘, values = )\
Specify here the column Specify here the column, Specify here the column, whose values are
which is to be treated as whose values will to be spread across the dataframe created
index (i.e., as rows) hacome caliiis as per specified index and columns.
’ Tut: las ount 7( utor ¥ -@
: / / 4 : An i acob Tahira
f abira [ 28 Vfusa oSy 2sha | Guriyot | 4
e
Gurjyot Brazi
Tjyo 36 UK il;rale ‘ NaN—"| NaN NaN NaN  [28:Q_
\ Anusha 41 Japan | Japan 41.0 NaN NaN NaN NaN
Jacob \ 32 USA UK NaN 36.0 NaN NaN NaN
\Yenka 40 azil / \vsa / [N NaN | 320 28.0
. e g >

l dfd.pivot(index = 'Country’, columns='Tutor', Values='Classes') l

You canskipthe values argument, and if you skip the values argument, it will consider the rest of the columns(not
mentioned inindex and columns arguments) for values automatically. E.g.

In [21]: dfd.pivot{index = 'Tutor’, columns='Country')

Outf21]:
Classes

Country Brazil Japan UK USA
Tutor

Anusha MaM 41.6 Nal MaM
Gurjyot HaN NaN 36.2 HaM
Jacob MaM MaN MNaN 32.0
Tahira MaN MaM MNaM 28.0
Venkat 40.0 MaN NaN NaM

Error while using pivot

e Considerthe following DataFramedfl:
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Classes

PNV B WNEO®

= o
)

11
112

14
115
‘16
117
‘18
119

28 USA
36 UK
a1 Japan
32 USA
49 Brazil
36 USA
40 Usa
36 Japan
49 Brazil
46 USA
24 Brazil
30 USA
a4 UK
49 Brazil
32 USA
36 Japan
32 Japan
36 Brazil

42 UK
38 USA

Country Quarter

1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4

Tutor
Tahira
Gurjyot
Anusha
Jacob
Venkat
Tahira
Gurjyot
Anusha
Jacob
Venkat
Tahira
Gurjyot
Anusha
Jacob
Venkat
Tahira
Gurjyot
Anusha
Jacob
Venkat

e Ifwe try to use pivot( ) for the above data frame:

dfl.pivot(index= “Tutor”, Columns = “Country”)

it will giveerror as “Index contains duplicate entries, cannot reshape”.

e E.g. Let us consider one Tutor sayTahira’s entries.

Classes | Country ‘ | Tutor \
25 | uhaia | Tahira |
36 | usa | | Tahira |

| 24 Brazil ‘ \ Tahira
36 Japan | | Tahira

If you try to create a row for the tutor Tahira fromabove data with columns as Country:

Tahira

USA

28 or 363

Brazil

24

Japan

36

Multiple entries for a column for a single row
CAUSES ERROR in pivot() function

Therefore, with pivot( ), if there are multiple entries for a columns value for the same value for index(row), it

leads to error. Hence,before you use pivot( ), you should ensure that the data does not have rows with
duplicate values for the specified columns.

Using pivot_table( ) Function

For data having multiple values for same row and column combination, you can use another pivoting function —

the pivot-table( ) function.

Itis different from the pivot( ) functioninfollowing ways:
1. Itdoes not raise error for multiple entries of a row, column combination.

2. It aggregates the multiple entries present for a row-column combination;you need to specify what type of

aggregation you want(sum, mean, etc.)

Syntax:
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pandas.pivot_table(<dataframe>, values=None, index=None, columns=None, aggfunc="mean’)

or

(<dataframe>.pivot_table( values = None, index = None, columns = None, aggfunc = ‘mean’)

where

the index  argument contains the column name for rows.
the columns argument contains the column name for columns.
the values argument contains the column names for data of the pivoted table.

the aggfunc argument contains the function as per which data is to be aggregated, if skipped, it,
by default will compute the mean of the multiple entries for the same
row-column combination.

E.g.

Country Japan Brazil Japan UK usa
Tutor

Anusha MaW  36.0 38.5 44.0 HaM e forind hi d
Gurjot 32.0 NaN NaN 36.0 35.000000 N"lt'ce' Ssrll”t:XTa "aaf”Z
Jacob  MaN  40.0 NaN 42.0 32.000000 cotumn B4, the mean o
] values (28, 36) hasbeen
Tahira MNaN 24.0 36.0 MaN 32.000000 ;
given here.
Venkat MaM 40.0 MNaN MaN 38.666667

*You can use any aggregate function for aggfun argument (i.e. , min, max, mode , median , mean , count etc.)

E.g.2. Considering Dataframedfl, compute total classes per tutor.

In [6@]: df1.pivot_table(index = 'Tutor', values = 'Classes’, aggfunc = ‘sum') !
Out[6e]:

ut[60] 2

Classes ..

Tutor .‘. :
Anusha 157 ““ :
Gurjyot 138 . mnan :
Jacob 154 <llllllllllllllllIIIIIIIIIIII-- :
Tahira 124 :
Venkat 156 :

E.g.3. Considering Dataframedfl, computer number of countries (count) per tutor.
In [61]: dfl.pivot_table(index = 'Tutor’, values = 'Country’, aggfunc = 'count')!
OQut[61]: . !
' Country *

[ Tutor o
|Anusha ""“'
'Gurjyot .

1Jacob
iTahira
Venkat

(-..................-..........-

R
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E.g.4. Considering Dataframedfl, compute total classes by country.

In [62]: dfl.pivot_table(index =

Out[62]:

: Classes
ICountry

1Brazil 144
|Brazil 36
| Japan 145
UK 122

'USA 282

E.g.5. Considering Dataframedfl, compute total classes on two field, Tutor and country wise.

In [64]: dfl.pivot_table(index={

<IIIllllIIlllllllllllllllll.lllll

Out[64]:

) Classes
'Tutor Country

tAnusha Brazil 36
' Japan 77
i UK 44
,Gurjyot Japan 32
! UK 36
[ USA 70
1Jacob Brazil 80
: UK 42
! USA 32
!Tahira Brazil 24
| Japan 36
: USA 64
Venkat Brazil 49
: USA 116

Sorting
It refers to arranging values ina particularorder.

The values can be sorted on the basis of a specific column or columns and can be ascendingor descending order.

Syntax:

"Country’

<------------------------

Tutor', 'Country’], values=[‘Clas

o’
o

N
&
o
N
o
&
-
&
o
Ld

ses'], aggfunc="sum'),

<dataframe>.sort_values(by, axis =0 or 1, ascending=True , inplace=False,na_position = first’ or ‘last’)

Parameters:

by - Name or listof names to sortby.
ascending — default True, if False, then sortingin descendingorder.
inplace —bool , default False;if True, perform operationin-place.

na_position —firstorlast, defaultlast;firstputs NaNs at the beginning, last puts NaNs at the end.

In [Sslgf:fl.sort_values( Country i;}
Out[ee]:

Classes Country Quarter

14 49 Brazil 1
'8 49 Brazil 2
.10 24 Brazil 3
123 49 Brazil 3
117 36 Brazil 4
12 41 Japan 1
16 32 Japan 4
25 36 Japan 4
7 36 Japan 2
11 36 UK 1
118 42 UK 4
112 44 UK 3
9 28 USA 1
114 32 usa 3
19 46 USA 2
6 40 USA 2
5 36 USA 2
3 32 usa 1
111 30 USA 3
119 38 usa 4

Tutor
Venkat
Jacob
Tahira
Jacob
Anusha
Anusha
Gurjyot
Tahira
Anusha
Gurjyot
Jacob
Anusha

Tahira ,

Venkat

Venkat
Gurjyot
Tahira |
Jacob |
Gurjyot |
Venkat '

o | " e feh 00 WM e e N B e N N
o T it o = NN

NS
o &

AClésses Country Quarter Tutor

41
36
36
as
36
48
3e
32
32

Japan
Brazil

Brazil
usa
Usa

Brazil

Japan
Usa
Brazil

Anusha
Anusha
Anusha
Anusha
Gurjyot
Gurjyot
Gurjyot
Gurjyot
Jacob
Jacob
Jacob
Jacob
Tahira
Tahiras
Tahira
Tahira
Venkat
Venkat
Venkat
Venkat

PDUWURNBWNRBWANRRAWNRWN AR
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In [67]: df1.sort_values([

out[67]:

8
13
10
4
17
2
7
16
15
12
1
18
6
11
3
@
5
9
14
19

Aggregation

Classes

40

In [72]: dfl.sort_values(by =['Tutor

Country Quarte

Brazil
Brazil
Brazil
Brazil
Brazil

Japan
Japan
Japan
Japan

Out[72]:
(lasses
) 46
14 32
19 38
4 40
%] 28
'S 36
15 36
10 24
3 32
18 42
8 40
13 40
6 40
11 30
1 36
‘16 32
112 44
12 41
' 7 36
17 36

In [68]: dfl.sort_values(by =[ Tutor', ‘Country’])

! D Out[68]:
r Tuter | Values sorted Casrn
2 Jacob | country wi 17 36
3 Jacob Badlel Al and 2 41
3 Tahira within Country, 7 36
1 Venkat Tutor-wise 12 44
4  Anusha 116 32
1 Anusha 1 36
2 Anusha 6 40
4 Gurjyot 11 3e
4 Tahira 8 48
3  Anusha 13 48
1 Gurjyot 18 42
4 Jacob 3 32
2 Gurjyot 110 24
3 Gurijyot ‘15 36
1 Jacob @ 28
1 Tahira {5 36
2 Tahira 14 48
2 Venkat 19 46
3 Venkat \ 14 32
4 Venkat -1? 38

Country Quarter
USA 2
UsSA 3
USA 4

Brazil 1
USA s &
USA 2

Japan 4

Brazil 3

USA 1
UK 4

Brazil 2

Brazil 3
USA 2

USA 3

UK 1
Japan 4

© UK 3
Japan 1
Japan 2
Brazil 4

Tutor
Venkat
Venkat
Venkat
Venkat
Tahira
Tahira
Tahira
Tahira

Jacob ~

Jacob

Jacob

Jacob

Guriyot
Guriyot

Gurijyot.

Gurijyot
Anusha
Anusha
Anusha
Anusha

Country Quarter  Tutor M‘
Brazil Anusha| Values sorted
Anusha| Tutor wise and

Anusha|  within Tutor,
Anushal  country wise

Japan
Japan
UK
Japan
UK

USA
USA
Brazil
Brazil
UK

USA
Brazil
Japan
USA
USA
Brazil
USA
USA
USA

Gurijyot
Gurjyot
Gurjyot
Gurjyot
Jacob
Jacob
Jacob
Jacob
Tahira
Tahira
Tahira
Tahira
Venkat
Venkat
Venkat
Venkat

AWM REPNPRPAWRERRWUNWNERWNER

5 ‘(_Jurhj~]‘ ai;gggiifgf False)

Values sorted in
descending order

- Withlargeamount of data, most often we need to aggregate data so as to analyseiteffectively.

- Pandas offers many aggregate functions, usingwhich you can aggregate data and get summary statistics of the data.

S.No. Aggregation Description
15 count( ) Total number of items
2. sum( ) Sum of all items
B, mean( ), median( ) Mean and median
4. min( ), max( ) Minimum and maximum
b std( ), var( ) Standard deviation and variance
6. mad( ) Mean absolute deviation
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1. The mad( ) function

- Itis usedto calculatethe mean absolute deviation of the values for the requested axis.

- The Mean Absolute Deviation (MAD) of a set of data is the average distancebetween each data valueand the
mean.

- Syntax:

<dataframe>.mad(axis=None , skipna = True or False)

Parameters:
axis =0(alongcolumns)or 1(alongaxis)
skipna =default True ; Exclude NA/null values.

E.g. sal_df.mad(axis=1)—finding MAD alongthe rows.
sal_df.mad() - finding MAD alongthe columns.

2. The std( ) function

- It calculates the standard deviation of a given set of numbers.
- E.g. sal_dfstd(),
sal_df.std(axis=1)

Creating Histogram

- A Histogramis a plotthat lets you discover,and, show, the underlyingfrequency distribution (shape) of a set of
continuous data.

- Consider the following histogram thathas been computed usingthe following datasetcontainingages of 20 people.

T

|37 |28 |38 [aa |53 60 |74 |53

)35138!66’46'24|45|92|48l51\62158\57t

Bin Frequency 1 Scores Included in Bin

W‘ s 2058 2 3 28, 24

45 ' 30 - 49 4 37, 38,'35, 38
g 40 - 50 4 44, 46, 45, 48
$ 30 .
-2 50 - 60 5 53,53, 51, 58,57
w20 2 A

60 — 70 3 69, 66, 62
¥ 70 - 80 1 74
770 % 4 S 6 7 &0 5 100 80 - 90 0 5
Age 90 - 100 1 92

- Unlikea bar chart, there areno “gaps” between the bars(although some bars might be “absent” reflecting no
frequencies). This is becausea histogramrepresents a continuous data set, and as such, there areno gaps inthe data.

- To create a histogramfrom a dataframe, you can use hist( ) function of dataframe, which draws one histogram of the
DataFrame’s columns.

- Syntax:
Dataframe.hist(column=None, by=None , grid = True , bins = 10)
Parameters:

column—stringor sequence ; if passed will beused to limitdata to a subset of columns.
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by — used to form histograms for separategroups.
grid— defaultTrue ; whether to show axis grid lines.
bins —default 10; Number of histogram bins to be used.

- Eg. dfl.hist() -- by default creates histogramfor all numeric columns.
dfl.hist(column="Classes’)—Argument ‘column’ specifies the column for which histogramis to be created.

Function Application

- It means thata function(a library function or user defined function) may be applied on a dataframe in multiple ways:
(a) onthe whole dataframe.
(b) row-wise or column wise
(c) onindividualelements,i.e., element-wise

- For above mentioned three types of function application, Pandas offers following threefunctions:
(a) pipe() —dataframe wisefunction application
(b) apply( ) —row-wise/column wisefunction application
(c) applymap( ) —individual element wisefunction application

The pipe( ) function

- A pipeisatechnique for passing information from one program process toanother where one command or function’s

output/resultis taken as inputfor another command/function.

Command 1 Input for
executed Command 2 e.g.,
:::?;‘sfl:g'gf power(sqrt(n), 2)
command 1 and output of sqrt(n) works as
CS;?::&G command 2 one input for power( )
‘executed . — Sp——

Figure 2.4 Meaning of pipe in computer processing terms
- The pipe() function of pandas does the same. General form of doing this is the sandwich style of invoking functions.

e.g. power(sqgrt(n) * 2)

- The pipingof functions through pipe( ) basically means the chaining of functioninthe order they are executed. The
pipe( ) works like this:

- Syntax for using pipe( ) function:
<dataframe>.pipe(func , *args)
Parameters:
func —function name to be applied on the dataframe with the provided args.
args —optional,positional arguments passed into func.
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When pipe() function applied on a dataframe, it will return a DataFrame and when applied on numbers, itwill return

numbers. Consider following examples:

pipe( ) Example 1 Function add( ) followed by multiply( ) applied on a dataframe.

In [15]: sal_df

0ut[15]:
2816
Qtrl 3458
Qtr2 560800
Qtr3  47eee
Qtrd 45208

2817
44588
4518¢
S7eee
59@ee

2013 2019
5458¢ 61602.8
51eee Hal
57688 Hall
58582 Hall

]

See, both these commands
produced same results

In [20}
Qut[20]:

[20K

147e%2.¢ 1

2816
1e35%e.e
1688%¢.@
141990.2
147@9%0.@

)
134798
13839¢
17

7

90
9¢

2

1

7
e
e
@
2

(Note. Both numpy and pandas libraries are imported.)

28138 2019
163598.@ 183@90e.9
153898.e Hal
171@92.e Hal
17559@¢.e HaM

2018 2819
16359¢.2 133@9%.e
153e9¢.0 Hall
171@%.e HaN
17559%e.¢ Hal

pipe( ) Example 2 Function add( ) followed by multiply( ), followed by sqrt( ) and floor( ) applied

In [22]

on a dataframe.

(Note. Both numpy and pandas libraries are imported)

K s3l_df.pipe(np. 3 ; : > ;
Sativdy _df.pipe(np.add, -8).plpe(np.nultlply,S).plpe(np.sqrt, ),plpe(np_floor,
0 2818 2019
trl 321.8 367.¢ 424.8 427.p In [&]: np.floor( s
2 . : . {np.sgrt(np.mult
Q2 4898 3720 3918  Men out[25]: (np.multiply(sal_df.add(30), 3))

Qtr3 375.8 413.8 413.2  MNaN
Qtrd 383.8 420.9 419.8  NsN Qtrl

2016

The appl and applyma
apply( ) is a series function, so itapplies the given function to one row or one column of the dataframe.

applymap( ) is an element function, soit applies thegiven function to each individual element, separately — without

1.
2.

2017

Qtr2
Qtr3
Qtrd

functions

takinginto accountother elements.
The syntax for using apply( ) is :

<dataframe>.apply(<funcname>, axis = 0)

Parameters

<funcname>

axis

2916

321.
489.

375
383

e

2
.0
.e

2817
367.0
372.@
413.e
420.0

2818 2019
404.2 427.e
391.e Hal
413.e Nal
419.0

HalN

Compare the two

respective results

commands and their

the function to be applied on the series inside the dataframes i.e.,, on rows
and columns. It should be a function that works with series and similar objects.

0 or 1 default 0 ; axis along with the function is applied.
If axis is 0 or ‘index’ : function is applied on each column
If axis is 1 or ‘columns’ : function is applied on each row.

The syntax for using applymap( ) is:
<dataframe>.applymap (<funcname>)

where

<funcname>

e.g.

is the function to be called and it should be a function that works on a

single value and returns a single value.
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np.mean([333, 666, 444]) would yield 481.0

mean( ) worked with multiple values provided in a list object.

and
np.mean(333) would yield 333.0
mean( ) worked with a singie value o g

In [48]: sal_df.apply(np.mean) In [47]: sal_df.applymap(np.mean)
Out[48]: For the same While for the same [ out[47]:

g:ig gf;g;g function np.mean, || function np.mean, 2016 2017 2018 2019
i ot the apply() the applymap() (Qtrl 34500.8 24999.3 24;32.2 6180:.2
2019 61000.0 returned single returned single gg i?gggg 5%22 0 5%808.9 H:N
dtype: float64 value per column | | value per element | o .1 49008.2 59002.2 58500.0 Nal

In [54]: (34500 + 56000 + 000 4 .
Out[54]: 46625.8 PR .'"~... In [48]: sal_df.apply(np.mean)
a, ...... Out[48]:
é:r[[::} éf;:geef 46100 +57800 + 59800 ) / 4 ----------....,.___ >2916 46625.8
: J 2017  51756.8
In [56]: (54500 + 51060 + 57080 + S850p) \4 esmeeet""tRTtRfRREAEs g 2018 55258.8
Out[S6]: 5525€.0 esanassess=ssdiB 2619 61000.0
sanaannemnasnns : floatb4d
In [57): (61000 ) / 1 dtype o
Out[57]: 61000.0
In [53]: sal_df 4 values of
'In [53]: sal_df Out[53]: column 2018
Out[53]: ,_2315 2017 2018 - .-2019 used for
‘ 2016 2017 2018 2019 Qtrl {34508 44900 | 54500 610000 i
. 1! calculating
Qtrl 44900 [ 54566 ] 61606.0 Qtr2 |56909.|46109.| 51008, 1 MaN mean f
0tr2 5 46100 ] 51606  Mall | Qtr3 |470001570001!570081 ! N ! an
jgerd 57000 | 57000 [ Hall | Qurd (49000}, 59000 !, 58500! |  Nan | | COlmn 2019
Qtr'4 mm 58500 Hal /L— -~ \/t_ = AN
e Sl — 4 values of column 2018
Individual values used for mean of 4 values of column 4 values of column)  used for calculating
SRS 2016 L‘:sed for 2017 used for mean for column 2018
calculating mean | calculating mean

for column 2016

for column 2017

(12 means calculated from 12 valuesj

you may write:

(b)
Figure 2.5 (a) For apply( ), function is a

(a)

pplied on senes a row or a column
(b) For applymap( ), function is a plied i : ) .

For apply(), be default, the axisisO0,i.e., the function is applied onindividual columns.To apply the function row-wise,

<dataframe>.apply(<func>, axis =1)

e.g.
In [58]: sal_df.apply(np.
Out[58]:
Qtrl 48725 .000000
Qtr2 51033.333333
Qtr3 53666.666667
Qtrd 55500.000000

dtype: float64

mean,

axis = 1)

See, this time, the
mean has been
calculated
row-wise ( axis 1)

e.g.2. numpy.cumsum( ), the cumulative sum function which works like this : sum of elements sofar, i.e., for a column:
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Column @ Column 1

Row@ Elem®, 0 Elemo9, 1

Rowl Elem®©, @+ Elem1, © Elem9, 1+Elem1, 1

Row2 Elem©, 0+ Elem1, 0+ Elem2, @ Elem®, 1+Elem1, 1+Elem2, 1

Row3 Elem®, @ +Elem1, @+ Elem2, 0+ Elem 3, © Elem9, 1+Elem1, 1+Elem2, 1+Elem3, 1

when the series function numpy.cumsum is used with apply( ) and applymap( ):

In [44]: sal_df.apply(np.cumsum) In [45]: sal_df.applymap(np.cumsum)

Out[44]: Out[45]:

2016 2017 2018 2019 2016 2017 2018 2019
Qtrl 34500 44900 54500 61000.0 Qtrl [34500] [44900] [54500] [61000.0]
Qtr2 90500 91000 105500 NaN Qtr2 [56000] [46100] [51000] [nan]
Qtr3 137500 148000 162500 NaN Qtr3 [47000] [57000] [57000] [nan]
Qtr4 186500 207000 221000 NaN Qtr4 [49000] [59000] [58500] [nan]

np.cumsum() applied column-wise here np.cumsum( ) applied on individual
(column treated as Series) because of apply() elements because of applymap()

- for apply()the function name should be a Series or arrayfunction,i.e., a function that works with Series type objects. If
you give name of a singleelement function as argument (e.g. srqt), then the function will beappliedto all elements
individuallyand notto a row or a column and the resultwill besame as that of a the applymap().

In [59]: sal_df.apply(np.sqrt) In [6@]: sal_df.applymap(np.sqrt)
Out[59]: Out[6@]:

2016 2017 2018 2019 2016 2017 2018 2019
Qtrl 185.741756 211.896201 233.452351 246.981781 Qtrl 185.741756 211.896201 233.452351 246.981781
Qtr2 236.643191 214.709106 225.831796 NaN Qtr2 236.643191 214.709106 225.831796 Nahl
Qtr3 216.794834 238.746728 238.746728 NaN Qtr3 216.794834 238.746728 238.746728 NaN

Qtrd 221.359436 242.899156 241.867732 Nal trd4  221.359436 242.899156 241.867732 HNah

The result of both apply() and applymap() is same in above case, because
the function name passed to apply is not a Series function, rather it is a single
value function. Hence for apply() also, this applied to individual values

Function groupby( )

- Withinadataframe, based on a field’s values, we can group the data. In simplewords, the duplicate values in the same field
are grouped together to form groups. E.g. from dataframe dfl (on page no. 20), we can for creating Tutor wise groups:

> All the rows having Tutor as Tahira will be clubbed to form Tahira group.
»  All the rows having Tutor as Anusha will be clubbed to form Anusha group.
»  All the rows having Tutor as Gurjyot will be clubbed to form Gurjyot group andso on.

- The syntax of groupby( ) is:
<dataframe>.groupby(by=None , axis =0)
by — labels or listof labels to be used for grouping.
axis —0 (for columns), 1 (for rows)

- The groupby( ) creates the groups internally and does not display the grouped data by default, e.g.
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Python created groups based on
Tutor column’s values but did not
display grouped data

In [75]: dfl.groupby( Tut )
Out[75]: <pandas.core.groupby.DataFrameGroupBy object at Bx08544498>

- You canstore the GroupBy object in a variablename and then use following attributes and functions to get
information about groups or to display groups:
<GroupByObject>.groups lists the groups created kL
<GroupByObject>.get_group(<value>) lists the group created for the passed value
<GroupByObject>.size()

<GroupByObject>.count()

lists the size of the groups created

lists the count of non-NA vah_les for each column in the
groups created

<GroupByObject>. [<columnname>].head() lists the specified column from the grouped object created

- Example:

In (T8]Ngdf = dF1.groupby( In 232 In [111]:(@df2] Classes ].head() .
: ' Out[82]: o e s e e,
In [79]: gdf.groups Tuton T
0ut[79]: Aot A : 5
{'Anusha': Int64Index([2, 7, 12, 17], dtype="inté4"), = Gurjyor 2 - -
‘Gurjyot': Inté4Index([1, 6, 11, 16], dtype="int64'), Jacod 2 4 .
‘Jacob': IntéaIndex([3, 8, 13, 18], dtype="inté4'), Tahira 2 2 "
‘Tahira': Int64Index([®, 5, 18, 15], dtype='intb4d'),  venkat 2 5 3%
‘Venkat': Int64Index([4, 9, 14, 19], dtype='int64')}  atype: inté4 6 s
) Y 7 3%
In :89] In [83]f gdf.count() h 8 28
out[8e]: o1 Out[83]: = 9 26
Classes Country Quarter Tutor Classes Country Quarter 19 24
< 49 Brazil 1 Venkat Tutor 11 38
9 46 Usa 2 Venkat Anusha 4 4 4. m
id 32 USA 3 Venkat Gurjyot 4 a 413 m
19 38 USA 4 Venkat Jacob a 3 & o 3
=== Al ST Tahira 4 4 4 g5 3%
In [81].(Rdf.get_group( = okat a 4 e
OUt[::]:ses (ountr‘y— Q:arter Tutor First of all, we created the groupby object based on B 2
: as 3% UK 1 Gurjyot field ‘Tutor’ and stored it in object namely gdf. 13 ; ﬁ Osagadio
. o - x Gup]}m All other attributes and functions are then applied to Name: (lasses,
11 38 USA 3 GuV‘]'yot this obssct gof
16 32 Japan 4 Gurjyot

Grouping on Multiple columns

For instance, you want to create groups for Tutors and for each tutor group, a country-wise subgroup, soyou

should write groupby( ) as:

gdf2=df1. groupby([‘Tutor’, ‘Country’])
Now you canapplyall the group attributes and functions on the groupby object gdf2 :
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In [96]: gdf2.size()

In [89]: gdf2.groups Outl961:
Out[89]: Tutor Country
{(‘Anusha®, 'Brazil '): Inté4Index([17], dtype='intsd'), Anusha Brazil 1
('Anusha’, ‘"Japan’): Inté4Index([2, 7], dtype='intéd'), Japan 2
('Anusha’, 'UK'): Inté4Index([12], dtype='intdd’), UK 1
(‘Gurjyot’, ‘Japan’): IntédIndex([16], dtype='intéd'}, Gurjyot Japan 1
(‘Gurjyot’, 'UK'): Intbédlndex([1], dtype='intéd'}, UK 1
('Gurjyot', 'USA'): Inté4Index([6, 11], dtype='intéd'), USA 2
('Jacob’', 'Brazil’'): Inté4Index([8, 13], dtype='intéd’), Jacob Brazil 2
("Jacob', 'UK'): Intédlndex([18], dtype='intdd’), UR 9
("Jacob’, 'USA'): IntédIndex([3], dtype="intdd’'), USA 1
('Tahira’', 'Brazil’'): Inté4Index([18], dtype='intdd'), Tshira Brazil 3
('Tahira', 'Japan’): IntédIndex([15], dtype='intdd'), Japan 1
(‘Tahira', 'USA'): Inté4lIndex([®, 5], dtype='intdd'), USA 2
('Venkat', 'Brazil’): Inté4Index([4], dtype='intéd'}, Venkat  Brazil 1
("Venkat', 'USA'): IntédIndex([9, 14, 13], dtype='intéd’)} USA 3
dtype: intd4

- But while using get_group( ), you need to pass all the values of group-columns in a tuple. The passedvalues
based group must existinthe groupby object, otherwise Python will giveerror.

Y ICA®

To get a group having tutor name as 'I“ [9‘] 8‘”2 8“-8"°“P(( Ar ' USA™ ))

‘Anusha’ and Country as ‘UK’, pass a Traceback (most recent call la t

sequence containing both these values | : File "<ipython-input-94-d@f452dfd705>", line 1, in <module>
,,,,,, - 3 gdf2.get_group(('Anusha’ ,"USA" ))
In [95] sde set_sroup(( Anusha’, "UK" )) |

Out[95]: : ‘. File "C:\ProgramData\Anacondai\110\s14 if the passed values do not have a
Classes Country Quarter Tutor : :\gmupby.py", line 765, in get_group group, Python raises KeyError
i " UK, g 3 Af“fs_h?_ B el foErrorinem) ( No group for ‘Anusha’ & ‘USA’
o : ;KeyEr‘ror: ('Anusha’, "USA") ‘combination’)

Aggregation via groupby( )

- The agg( ) method aggregates the data of the dataframe using one or more operations over the specified axis. The
syntax for usingagg() is:
<dataframe>.agg(func , axis =0)

func — function, str or list
axis-Oorl

- Eg.
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In tas]: gdf.agg([np.mean, np.median, np.sum])

0ut[86]: Three aggregate functions

3 Classes Quarter (mean, median and sum) applied
; mean median sum mean median sum to groups created via groupby ()
:Tutor above

|Anusha 39,25 -38.5 157 2.5 2.5 10

Gurjyot 34,50 34,0 138 2.5 2.5 10

| Jacob 38.5¢ 40.80 154 2.5 2:5 .10

‘Tahira 31.80 32.6 124 =5 2.5 10

‘Venkat  39.00 39.0 156 2.5 2.5 10

You may combine the groupby( ) and agg() in single command:

(In [87]: dfl.groupby(’Tutor').agg([np.mean, np.median, np.sum]) |

'Out([87]:

: Classes

) mean median sum
| Tutor

| Anusha 39.25 38.5 157
'Guriyot  34.50 34,0 138
| Jacob 38.50 40.0 154
Tahira 31,00 32,0 124
Venkat 39.00 39.0

The transform( ) function

156

Classes

Quarter
mean median sum
2.5 2.5 10
2.8 2.5 10
2.5 2:51¢
2.5 2.5 10
28 2%

df1.groupby (

Quarter

2.
2.
2.
2.
2,

39.25
34,50
38.5¢
31.00
39.00

W vy U oo

! E R

groupby() and agg() combined
in single statement

o

This function transforms the aggregate data by repeating the summary resultfor each row of the group and makes the
resulthave the same shapeas original data and thus the resultof transform can be combined with the dataframe

) .agg(np.mean)

See, agg() created one
row per group with
aggregate function result

In [105]: dfl.groupby('T

r').transform(np.mean)

easily.E.g.
In [104]:
Out[1e4]:
Tutor
Anusha
Guriyot
Jacob
Tahira
Venkat
In [106]: dfl
Out[106]:
Classes Country Quart Tutor
2 28 UsA ahira
1 36 UK urjyot
2 41 Japan Anusha
3 32 USA
4
5 36 Tahira
6 4e USA Gurjyot
7 36 Japan Anusha
8 40 Brazil Jacob
] 46 USA
1@ 24 Brazil 3 Tahira |
11 3@ USA 3 Guriyot
12 s UK 3  Anusha
13 48 Brazil 3 Jacob
14 32 USA " | 3  Venkatl
15 36 Japan 4 Tahira
16 32 Japan 4 Guriyot
17 36 Brazil 4  Anusha
18 42 UK 4 Jacob
a9 38 USA T 4  Venkat])

The transform() als
calculated the sa

aggregate function biyt

repeated the calculate

result for every row of

the group, e.g., for

‘Venkat' group, for every
row of venkattutor (rows
4,9,14,19), you will
find same aggregated
result 39.00 for Classes

and 2.5 for Qu

Out[105]:
Classes Quarter
8 31.00 2.5
1 34,50 2.5
39.25 2.5
! 38.50 2.8
(4 39.00 2.5
5 31.00 2.5
34,50 2.5
39.25 2:5
8 38.50 2:5
{o__* 39,00 2.5
10 31.00 255
1 34,50 2.5
\1 39.25 2.5
13 38.50 2.5
R4 39.00 2.5
31.00 2.5
1 34,50 2.5
17 39.25 2.5
18 38.50 2.5
(29 * 39,00 2. 5

The transform( ) function’s output can now be added as columns to the dataframe. To add one column, you need to

firstusetransform for one column at a time, i.e. as shown below:
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dfl.groupby( ‘Tutor’)[ ‘Classes’].transform(np.mean)

\ By specifying the column name in

square bracket with groupby object

- Now you cansave the transformed resultina new column.

dfl[ ‘ClassesMean’] = dfl.groupby( ‘Tutor’)[‘Classes’].transform(np.mean)

In [108]: af1] & ] = dfl.groupby( [ ]-transform(np.mean)
In [109]: 4f1 S
Out[1@9]: it Y
Classes Country Quarter Tutor {lassesMean
(2 28 USA 1 Tahira 31.80
1 36 UK 1 Gurjyot 34,50
£ 41 Japan 1 Anusha 39.25
3 32 USA 1 Jacob 38.58
< 40 Brazil 1 Venkat 39.80
5 36 USA 2 Tahira 31.00
6 48 USA 2 Gurjyot 34.59
4 36 Japan 2 Anusha 39.25
8 49  Brazil 2 Jacob 38.59
9 46 USA 2 Venkat 39.09
10 24  Brazil 3 Tahira 31.90
11 30 USA 3 Gurjyot 34.59
12 44 UK 3 Anusha 39.25
13 49  Brazil 3 Jacob 38.58
14 32 USA 3  Venkat 39.08
15 36 Japan 4 Tahira 31.09
16 32 Japan 4 Gurjyot 34.59
17 36 Brazil 4  Anusha 39.25
18 42 UK 4 Jacob 38.50
19 3R 1154 4  Venkar 39,08

Reindexing and Altering Labels

Index refers to lables of axis 0,i.e., row labels and columns refers to the labels of axis 1i.e., column labels.

- There are methods to rearrange and rename indexes or column labels :
1. rename( ) — Amethod that simply renames the index and/or column labels in a dataframe.
2. reindex( ) — A method that can specify the new order of existing indexes and column labels, and/or also create

new indexes/column labels.
3. reindex_like() — A method for creating indexes/column-labels based on other dataframe object.

1. The rename() method
- This function renames the existing indexes/column-labels in a dataframe.
- The old and new index/column labels areto be provided in the form of a dictionary where keys are the old

indexes/row labels, and the values are the new names for the same, e.g.

{‘atr1’ :1,‘Qtr2’ : 2, ....... }
The above dictionaryimpliesthatoldindex/column-label namely ‘Qtrl’ should be now renamed as 1, ‘Qtr2’ should be

renamed as 2, andsoon.
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- Syntax :

<dataframe>.rename(index=None , columns = None , inplace=False)

or

<dataframe>.rename({dictionary with old and new labels},axis=0 or 1)

- Eg.

I 68]: ndf
Original dataframe ozt{{sa}: "
2016 2017 2018 2019
Qtrl 34500 44900 54500 61000.0
Qtr2 56000 46100 51000 NaN
Qtr3 47000 57000 57000 NaN
Qtrd4 49000 59000 58500 NaN
Row Index renamed In [5@ Qtrl':1, 12, 3, :4})
ument Index = Out[69]:
S 80 2016 2017 2018 2019
Now the row indices are 1 34500 44900 54500 61000.0
1,2, 3,4 and not Qtr1, 2 56000 46100 51000 NaN
3 47000 57000 57000 NaN
4 49000 59000 58500 NaN
The above statement In [7@]: ndf
returned a changed Out[70@]:
dataframe but original 2016 2017 2018 2019
dataframe is unaffected / Qtrl 34500 44900 54500 61000.0
beiaineimia) Qtr2 56000 46100 51000 Nal
s :ef""lt's Qtr3 47000 57000 57000 NaN
LS Qtrd 49000 59000 58500 NaN
In [72)Cndf . rename(index = { Qtrl':1, Qtr2°:2, 'Qtr3’:3, 'Qtrd':4}, inplace = True
With argument In [72]: ndf
inplace = True, °Ut[;:];
the changes are refl 16 2017 2018 2019
in origi?val dalafra:::ed 1 2458 4i0ee A 61000.0
2 56000 46100 51000 NaN
3 470600 57000 57000 Na
4 49000 59000 58500 NaN

Out[75]:

16
Qtrl 34500
Qtr2 S600e
Qtr3 47008
Qtrd 49000

2. The reindex( ) method

17
44900
45100
57008
59000

13
54509
51000
57008
5850@

19
6leee.e
HaN

NaN

Nah

Out[76]:

: 16
1 Qtrl 34500
| Qtr2 56000
Qtr3 47000

| Qtrd 49900

- This functionis used to change the order or existing indices/labels.

- Syntax:

Dataframe.reindex(index=None, columns=None , fill_value=nan)

Or

17
44909
46100
57000
59000

In [76): ndf.rename( columns = {2016:16, 2617:17, 2018:18, 2019:19} )

18 19
54508 61000.9
51000 NaN
57000 NaN
58500 Nal

Dataframe.reindex([listof rearranged index/column labels],axis =0 or 1)

- eg.
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ndf.reindex([ ‘Qtr4’, ‘Qtrl’, ‘Qtr3’, ‘Qtr2’])
ndf.reindex([ ‘Qtr4’, ‘Qtrl’, ‘Qtr3’, ‘Qtr2’], axis =0)

See the new order of
row- indices is as per
the order of indices
mentioned in reindex()

(compare it with original
ndf listed earlier)

In [78]: ndf.reindex([ ¢

Out[78]:

Qtrd
Qtrl
Qtr3
Qtr2

2016
49000
34500
47000
56000

An alternatecommand for the above resultwill be:

? ? ) ] )
2017 2018 2019
59000 5850Q NaN
44900 54500 61000.0
57000 57000 Nal
46100 51000 NaN

ndf.reindex(index = [ ‘Qtr4’, ‘Qtrl’, ‘Qtr3’, ‘Qtr2’])

indexes/labels

Reordering as well as adding/deletin

- Existingrow-indices/column-labelsarereordered as per given order and non-existing row-indexes/column-labels
create new rows/columns and by default NaN values arefilled in them.

-eg.
In [88]: ndf.reindex([2019, 2018, 2017, 2016, 2015
QL : =

0 2019 2018 2017 2016 ;2015 2014 |

QtFT 61000.0 54500 44900 34500 | Nal  NaN |
Qtr2 NaN 51000 46100 56000 ! MaN  Nall
Qtr3 NaN 57600 57000 47000  NaN  NaN |
Qtra NaN 58500 59000 49000 | NaN NaN

Newly added columns

( by default filled with NaN )

2014

5, 2

1, axis = 1)

<

See, the column labels are as per mentioned
order ( existing as well as non-existing)

For non-existing labels, new columns with NaN
values have been created.

The new dataframe generated by reindex() contains only the row-indices/column-labels as per
the given mapper sequence (see below).

In [89]: ndf.reindex([ Qtrd’

>

Qtrl’

< X B

Out[89]:
Q 2016 2017 2018 2019
2 Qtrd  49000.0 59000.0 58500.0 NaN
{_Qtrl __34500.0 44900.0 54500.9 61000.0 _
‘ “Lotnil Nal NaN NaN NaN

Specifying fill values for new rows/columns

See, only 3 row indices aer there as mentioned in

the given mapper sequence

Existing ones remain and new ones added, BUT if

an existing index/label is not mentioned in th

mapper list, it will not be a part of the new dataframe

e

- By usingargument fill_value, you canspecify which will be filled in the newly added row/column. In the absence of
fill_value argument, the new row/columnis filled with NaN.

- Eg.
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In [91]: ndf.reindex([ " 1, "QtNil'], fill_value = 1000)

Qut[9l]: &
2016 2017 2018 2019

Qtrd 49228 59902 53500 Nal

Qtrl__ 34500 44909 _ 54300 _61000.@ _ amasst

{ 'QthNil 109@ 18e@ 1eee 1e@ee.e .<

In [92]: ndf.reindex(columns = [2019, 2017, 2015], fill value = 5000)

Qut[92] EREZTN
2019 2017! 2015 |

Qtrl 61000.@ 44900'5000 | . ..eseet

Qtr2 Nall 461091 Seee ' =

Qtr3 Hall 57009 . 5000

Qtrd MaN 59008, Seee

N

3. The reindex like( ) method

- This function rearrangethe row/columnlabels as per the row/ column labels of some other dataframe.
- This function does the followingthings:

(a)

Ifthe current dataframehas some matching row-indexes/column-labels asthe passed dataframe,then retain the
index/label and its data.

(b)

Ifthe current dataframehas some row-indexes/column-labels init, which are not in the passed dataframe, drop
them.

(c) Ifthe current dataframedoes not have some row-indexes/column-labels which arein the passed dataframe, then
add them to current dataframe with value as NaN.

(d)

The reindex_like( ) ensure that the current dataframe object conforms to the same indexes/labels on all axes.

- Syntax:

<dataframe>.reindex_like(other dataframe)

- E.g. consider the two dataframes:

In [1201: ndf2 Notice, ndf2 has 2 columns In [104] 1.6
n {110]: n n | : sal_

out[110]: 2019 and 2017 same as sal_df Out[104]:

2019 2817 2015 2013 2011 and 3 rows (Qtr1, Qtr3, Qtr4) 2016 2017 2018 2019
Qtrl 61000.0 4490@.2 5000.2 S00e.¢ 5000.@ same as sal_df trl 34502 44900 54500 61000.0
Qtr3 Nall 57@0@.2 3Seee.e seee.e 5Seee.e sal df has extra columns as Qtr2 5S600@ 46le@ 5S1eee NaN
Qtrd Hall 590@@.2 5000.2 sSeee.e 5eee.e = Qtr3 47000 5700@ 57000 Nal
Qtn Nal MaN  MNall  MNaN  MNan | | 2016,2018 g’t‘dze’“'a OWas | otrd 49000 59000 58500 Nall

r

If we issuecommand as:
ndf2.reindex_like(sal_df)

output will be:

See ndf2 has same indexes and labels on both axes same as passed
In [112]: ndf2.reindex_like(sal_df)

dataframe sal_df
Out[112]:
2016 2017 2018 2019 ndf2 has retained columns 2017 and 2019 for the rows Qtr1, Qtr3 and Qtr4
gtr‘; rtllarrll 11L490r0I ? NaN 61@@e.o It has added a new row Qtr2 as per sal_df with NaN values and dropped
tr la lal NaN NaN Stk ;
Qtr3 NaN 57000.8  NaN Na pow GG fa pet Sl o
Qtr4 NalN 59000.0 NaN Nal

It has added columns 2016 , é018 as per sal_df with NaN values and
dropped columns 2015, 2013, 2011 which are not in sal_df
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