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DOWNLOAD, INSTALL AND EXPLORE THE FEATURES OF NUMPY,

ExNa.l SCIPY, JUPYTER, STATSMODELS AND PANDAS PACKAGES

la. Aim:
To download, install and explore the features of NumPy package.

Problem Description

Python is an open-source object-oriented language. It has many features of which one is the wide
range of external packages. There are a lot of packages for installation and¢yse for expanding
functionalities. These packages are a repository of functions in python scri {%émpy is one such
package to ease array computations. To install all these python packuges‘(@/use the pip- package
installer. Pip is automatically installed along with Python. We can Ll&\}}\jl'st. pip in the command
line to install packages from PyPIL. 4

P

NumPy i \J
§\"}
NumPy (Numerical Python) is an open-source libraey for the Python programming
language. It is used for scientific computing and workidg with arrays.

Apart from its multidimensional array object, itQ{gs/pmvides high-level functioning tools for
working with arrays. Y\ /

P

2

Y\
L s
n r/command line

e Access to a terminal \\%»
e A user account withfudo privileges
P

e Python instal!ed\fﬁﬁyour system

Downloading and instal nﬁ l;mpy:
Python Py is a general-purpose array processing package that provides tools

for handling r~dimensional arrays. It provides various computing tools such as
comprehenSivé mathematical functions, linear algebra routines.Use the below command
to instalfNumPy:

Prerequisites

pip install numpy

output:
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o Sample python program using numpy:
import numpy as np
# Creating array object
arr = np.array( [[ 1, 2, 3],
[4,2,5]])
# Printing type of arr object
print("Array is of type: ", type(arr))
# Printing array dimensions (axes)
print("No. of dimensions: ", arr.ndim)
# Printing shape of array
print("Shape of array: ", arr.shape)
# Printing size (total number of elements) of array Q/
print("Size of array: ", arr.size) (2)
# Printing type of elements in array Q/
print("Array stores elements of type: ", arr.dtype) \}’

OUTPUT OO

| L& Python 3.7.4 Shell ::(.,? =68 X
File Edit Shell Debug Options Window Help
Python 3.7.4 (tags/v3.7.4:e0983508112 8 2019, 20:34:20) [MSC v.1916 =
64 bit (AMD64)] on win32
Type "help®™, "copyright", "credx@ r "license ()" for more information.
>>> import numpy 22 np

>>> arr=np.array([[1,2,3],]
>>> print("Array is of -;p<; ;pe(arr]}

J Array i= of type: <clas ’ y.ndarray'}

) »>>> print ("Number of qig§?~ :",arr.ndim)
Number of dlmenslons<22

il >>> print("Shape .{) " ,arxr.shape)
Shape of Array ...3\2

il >>> print("Siz .ﬁ_‘-:ra'_: : ", arr.size)

Size of Arraf\ > 6

>>> print (AAFPay stores elements of type:",arr.dtype)
elements of type: int32

-

Ln:15 Col4

RESULT:
Thus the NumPy package is downloaded, installed and the features are explored.
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1 b. Aim : To download, install and explore the features of Jupyter packages.

Data Science:

Data science combines math and statistics, specialized programming, advanced analytics,
artificial intelligence (AI), and machine learning with specific subject matter expertise to
uncover actionable insights hidden in an organization’s data.

Jupyter:

Jupyter Notebook is an open-source web application that allows you eate and share
documents that contain live code, equations, visualizations, and narrativ@ . Uses include data
cleaning and transformation, numerical simulation, statistical m@ng, data visualization,
machine learning, and much more.

Python is a requirement (Python 3.3 or greater, or Py 2.7) for installing the Jupyter

Notebook itself. N\
&
N

PIP is a package manageme‘ng} tem used to install and manage software
packages/libraries written in Python. Q

Jupyter has support for over 40 different programming laniu:{;@k and Python is one of them.

Procedure:

¢ files are stored in a large “on-line repository”
termed as Pytl?\,)0 Package Index (PyPI).
pip uses PyPI as the default sourceddr packages and their dependencies.

S
Installing Jupyter No(@é\)ok using pip:

%tall Jupyter using pip, we need to first check if pip is updated in our
system. Use the following command to update pip:

python -m pip install --upgrade pip
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Bl C\Windows\system32\cmd.exe
crosoft Windo _[Uersion
pyright < z 9 :oft sporation. All rights reserved.

ivappdataslocalsprogram

After updating the pip version, follow the instructions provided below to install Jupyter:

Command to install Jupyter:

python -m pip install jupyter

EE C\Windows\system32\cmd.exe O || B |t

s [Uersion 6.1.76011
2809 Microsoft Corporation. All rights reserved.

1l >python —m pip install jupyter
Jupyter
ading Jjupyter—1.8.8—py2.py3-none—any.whl
:ting gtconsole
Downloading qtconsole-5.3.2-py3—none—-anv.whl (128 kB>

Collecting nbconvert
Downloading nhconvert—7.8.8-py3—none—anv.whl (271 kB>

lCollecting jupyte

Downloading ju - le—6.4.4-py3-none—any.whl (22 kB>
Collecting ipyke

Downloading ipykernel-6.15.2-py3d-none—any.whl (132 kB>

Finished Installation: .\

\Q “\ . .
Use the followiag/Command to launch Jupyter using command-line:
/ \'~ \ =

Jupyter notebook
7N\
\‘/

h
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™

=N C \W:ndows\systemBZ\cmd exe - jupy‘ter notebook
ion 6.1.7681]

rosoft (‘ul'pnratmn. All rights reserved.

>python —m pip install —upgrade pip

already satisfied in c:\usersshivappdataslocalsprogra

Writing notebook server
1 _cookie_:
ing notebooks from

22 ':nd
:56.914 NotehookfApp. }m‘ http:/-127.8.0.1:88887token

24882397

ontrol-C to stop this server and shut down all

the notehbook, open thi file in a brow

HI-AppDa

o copy & e of these URLs:

http: ! : 8888/ 7token=e993d80e23baaed?

5d319
5d319

Launching Jupyter Notebook

< |+
Jupyter
Sewct i o ps e act 1 W
N \ o/
|| 3 3 4
" - = >\“\
,./\"‘\
Do
o 3

is running
oken=e793d0Be 2’

cookie secret to CislUsersyH

directory leeprssHI

me/nhserver 92-open . h|

at:

=e993d406
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Upload |New=|

Notehook:

Python 3 (ipykemel)

Cther

Text File
Folder
Terminal
» Click New and select python 3(ipykernal) and type the following
program. Click run to execute the program.
Running the Python program:
Python code:

Program to find the area of a triangle
# Python Program to find the area of triangle

aiS Q/OQ/
b=6 \’),

e=7
# calculate the semi-perimeter OO
s=(a+b+c)/2

# calculate the area (.9

area = (s*(s-a)*(s-b)*(s-¢)) ** 0.5 Q’}
print('The area of the triangle is %0.2f" %area) Q/Q‘

&

i — Home X | @ 0103 X | T Home)f & Unti x | & - 3
c @ localhost:8888/r E)hnr:l-"-"llntlll"dl ipynb... £ v » [ ,;:\

 Jupyter Untitled1 C,‘,) ~ Logout
N -

Output:

+ [ Python 3 (ipykemel) O

File Edit ‘me&unl Cell Kernel Widgaets Help
®m | | 9| & ?‘ 4 % (PRun B C MW |[Code v | | =
In [A]7 | a=S
b=
c=/

s-(asbec)/2
area=(s*(s-a)*(s-b)*(s-c))*"0.5
print{"The area of the triangle 1s X8 2+" Xarea)

The area of the triangle is 14.70

I In [ 1]
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Result:
Thus the jupyter package is downloaded, installed and the features are explored.
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1 C Aim:
To download, install and explore the features of Scipy package.
Problem Description

Scipy is a python library that is useful in solving many mathematical equations and
algorithms. It is designed on the top of Numpy library that gives more extension of finding
scientific mathematical formulae like Matrix Rank, Inverse, polynomial equations, LU
Decomposition, etc. Using its high-level functions will significantly reduce the complexity of the
code and helps in better analyzing the data.

/

Downloading and Installing Scipy: A/
(N7
pip use the below command to install Scipy package on WindO\Q}/
y "‘\\/'
pip install scipy ~\J
O
output t\:}
A
BE Command Prompt (A = O *

/

)
Sample python code 5ﬂﬁg§cipy:
N\

N\
R
Type the prograg}' g‘ ':]‘uggter notebook

QN
from scipy imp(}ﬁ special
a = special.expl0(3)
print(a)

b = special.exp2(3)
print(b)

¢ = special.sindg(90)
print(c)

d = special.cosdg(45)

print(d)




(CS3362-Data Science LL.ab Manual

Output:

| Z Home | @ 0103 | T Home | @ Untile & Un X
C @ localhost8888/notebooks/Untitled2ipynb... & ¥ % O b

7 Jupyter Untitled2 A ”

Trustea & | Python 3 (ipykemel) O
File Edit View Insert Cell Kemel Widgets Help

B+ %/ ® B 2 % [pPRin B C| MW [Coe vcg/‘

In [1]: from scipy import special

a=special.expld(2) O\y

print(a)

b=special.exp2(2) (:)
print(b)

c=special.sindg(2e) éb
print(c) N
d=special.cosdg(45) Q/Q"
print(d) Q/

S
¥ ¥
1.8 Q/
9.797166731\1é\ 75

I m[ 1| ACO

1ge00.6

RESULT

Thus the SciPy package is downloaded, installed and the features are explored.
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1 D). Aim :
To download, install and explore the features of Panda packages.

Problem Description

Pandas is one of the most popular open-source
frameworks available for Python. It is among the fastest and most easy-to-use libraries
for data analysis and manipulation. Pandas dataframes are some of the most useful

data structures available in any library. It has uses in every dat tensive field,
including but not limited to scientific computing, data science, and ine learning.

The library does not come included with a regular install of Pythep. To use it, you
must install the Pandas framework separately. O

Installing Pandas on Windows ‘:\.g:?
N\
There are two ways of installing Pandas on Wi@s.

Method #1: Installing with pip \&

It is a package installation manager tt&gkes installing Python libraries and
frameworks straightforward. Q/

Aslong as you have anewer sfon of Python installed (> Python 3.4), pip will be
installed on your computer » with Python by default.

However, if you’re u{g‘é’an older version of Python, you will need to install pip on
your computer bcfor& stalling Pandas.
Step #1: Launc&nmand Prompt

Press the Windows key on your keyboard or click on the Start button to open the start
menu. Type ecmd, and the Command Prompt app should appear as a listing in the start
menu.

Step #2: Enter the Required Command

After you launch the command prompt, the next step in the process is to type in the
required command to initialize pip installation.

Enter the command
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pip install pandas

on the terminal. This should launch the pip installer. The required files will be
downloaded, and Pandas will be ready to run on your computer.

P

Bl C\Windows\system32\cmd.exe 8 - »

Microsoft Windows [Version 6.1.7681] -
Copuright <(c) 2889 Microsoft Corporation. All rights reserved.

C:\Users\HI>pip install pandas

Requirement already satisfied: pandas in c:\usersi\hiNappdataslocals\programs\pyth
on\python3?\lib\site—packages (1.3.5>

Requiremnent already satisfied: pytz2>=2817.3 in c:“usersihiNappdata“local\progran
s\python\python3?\lib\site—packages (from pandas) (20822.2.1>

Regquirenment already satisfied: python—dateutil>=2.7.3 in c:iNusersshivappdatailoc
alsprogramsspythons\python3?\1lib\site—packages (from pandas) (2.8.2)

Requirement already satisfied: numpy>=1.17.3 in c:“usersihiNappdataslocal\progra
ms\python\python37\1lib\site—packages {(from pandas> (1.21.6J

Requirenent already satisfied: six>=1.5 in c:\usersi\hiNappdataslocal\programs\py

thon\python3?\1lib\site—packages (from python—dateutil>=2.7.3->pandas> (1.16.8>

C:\Usewrs\HI>

Panda package is successfully installs:d.\i'/

Sample program Cn

// to be typed in Jupyteg}“@x‘mbook
Al

import pandas as Eﬁ‘ﬁ:" ’

data = pd.DataR{é’rﬁc({”xl":["y", et Myt T, M My
"x?,‘}: range(16, 22),
"x3":range(1, 7),
" "al e %t dt, e L
"x5":range(30, 24, - 1)})

print(data)

sl = pd.Series([1, 3, 4, 5, 6, 2, 9])

s2 =pd.Series([1.1,3.5,4.7,5.8,29, 93])

$3 = pd.Series(['a', 'b", 'c’, 'd’", 'e'])

Data ={'first':s1, 'second"s2, 'third":s3}
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dfseries = pd.DataFrame(Data)
print(dfseries)

G simple |. panda: [as Data = Home & pa X

| &= C @ localhost:8888/notebooks/panda.ipynb = Y % 0O .,:\‘ :
|~ Jupyter panda @ | Logout
i Trusted | Python 3 (ipykemel) O l

File Edit View Insert Cell Kemel Widgets Help

B+ @ B+ ¢ pRn B C/»|coe VZ/C?Q/

In [2]: import pandas as pd
data = pd.DataFrame({"x1":["y", "x", "y", "O X", "y 15
"x2":range(16, 22}, O

X3 r‘ange(l
e 7 e ot O o5 I

x5"range( - 1)})

print(data) %

s1 = pd.Series([1, 3, 4, 5, &

s2 = pd.Series([1.1, 3.5, 4 2.9, 9.3])
= pd.Series(['a’', 'b’ , d ', ‘e'])

Data ={'first’:s1, 'se 52, ‘third':s3}
dfseries = pd.DataFr ta)
print(dfseries) @

1 x2 x X5
@ y 16 30
p L o 7 b 29
Z Y 3 ¢ 28
3 4 d 27
20 5 e 26
Q‘ y 21 f 25
Q first second third
1 1.1 a
1 3 3.5 b
2 4 4.7 [
3 5 5.8 d
4 6 2.9 e
s 2 9.3 NaN
I 6 9 NaN Nahl -
Result:

Thus the Panda package is downloaded, installed and the features are explored.
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1E). Aim:
To download, install and explore the features of Statsmodels package.
Problem Description:

Statsmodels is a popular library in Python that enables us to estimate and
analyze various statistical models. It is built on numeric and scientific libraries like NumPy and

SciPy.
&

Some of the essential features of this package are- Q/
\v/
1. It includes various models of linear regression like ordinej}\}éast squares, generalized
least squares, weighted least squares, efc. (:}
2. It provides some efficient functions for time seneaé?si 8.
3. It also has some datasets for examples and tes
4. Models based on survival analysis are als g%a able
5. All the statistical tests that we can 1 for data on a large scale are present.
Installing Statsmodels (</

Check the version of p 6§;1stalled in the PC.

Using Command Prom{lé:z\

Type 'Command P, w on the taskbar's search pane and you'll see its icon. Click on it to open
the command p :

Also, you can directly click on its icon if it is pinned on the taskbar.
1. Once the 'Command Prompt' screen is visible on your screen.

2. Type python -version and click on 'Enter’.

3. The version installed in your system would be displayed in the next line.
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8 — - - - | X 7
BN C\Windows\system32\cmd.exe |G [ (S

icrosoft Windows [Uersion 6.1.76011
Copyright <(c)> 288? MNicrosoft Corporation. All »

version

Installation of statsmodels
/

Now for installing statsmodels in our system, Open the Comm'cq@;\l{rompt, type the
following command and click on 'Enter'. {'/
4
y " ."‘\\/'
pip install statsmodels m\,/
e
Output W,

W CAWIndowisystemadumdene . e | RS TR -l

Ny
- e - - - -
It's time to look h‘;{(}::ﬁ program in which we will import statsmodels-
7%\

V4
Here, we will p\c:ﬁorm OLS(Ordinary Least Squares) regression, in this technique we will try to
minimize the net sum of squares of difference between the calculated value and observed value.

Program
import statsmodels.api as sm

import pandas
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from patsy import dmatrices

df = sm.datasets.get_rdataset("Guerry", "HistData").data
vars = ['Department’, 'Lottery', 'Literacy', 'Wealth', 'Region']
df = dffvars]

df[-5:]

OUTPUT

— Home & un x G smph |b”, Introd |&% Gettir

+ - O
[ c @ localhost:AB88/notebooks/Untitledd.ipynb... &= » 0O ;\ E@
T Jjupyter Untitledd - ingo
T ] | Python BQ,QeH (@] |
j File Edit View Insert Cell Kermel Widgets Help |
E |+ x| @ B+ | PR B|C » |  code VQ |
E |
In [1]: dmport statsmodels.apl as sm
import pandas @,
from patsy import dmatrices
df « sm.datasets.get_rdataset("G % ‘MistData").data
vars = ['Department’, 'Lottery’'#£™; eracy', ‘Wealth', ‘Reg
df = dffvars] e
df{-51) @
‘ % »
Out[1]:
Departmenta L Literacy Wealih Region
81 vi One 25 8a W
82 Haut &6 13 67 c
a3 &meﬁ 14 82 82 E
] ; Yonne 51 47 30 c
& Corse a3 40 7 NaN
|
In f ]:
_

Result:

Thus the Statsmododels package is downloaded, installed and the features are explored.
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Ex.No.2 WORKING WITH NUMPY ARRAYS

Aim :
Write a python program to show the woking of NumPy Arrays in Python.
2a) Use Numpy array to demonstrate basic array characteristics
b) Create Numpy array using list and tuple Q/
¢) Apply basic operations (+,_,*./) and find the transpose of the né?

d) Perform sorting operation with Numpy arrays

Problem Description C)O

Arrays in NumPy: NumPy’s main object is the homog @ multidimensional array.

e It is a table of elements (usually numbers), all of the type, indexed by a tuple of
positive integers.

e In NumPy dimensions are called axes. The nunb&rof axes is rank.

o NumPy’s array class is called ndarray. It is ¥ known by the alias array.

N
Example 1 O
Write a python progr: demonstrate the basic NumPy array

characteristics g?.‘
import numpy as np \}CE}\Z\
Ly

# Creating array object ‘2\
= np.array( [[ 1, 2

[422]3’

# Printing type 0 arr ob]ect
print("Array is of type: ", type(arr))

# Printing array dimensions (axes)
print("No. of dimensions: ", arr.ndim)

# Printing shape of array
print("Shape of array: ", arr.shape)

# Printing size (total number of elements) of array
print("Size of array: ", arr.size)
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# Printing type of elements in array
print("Array stores elements of type: ", arr.dtype)

Output :

Array is of type: <class 'numpy.ndarray">

No. of dimensions: 2
Shape of array: (2. 3)

Size of array: 6

Array stores elements of type: int64 (Z)Q/

2. Array creation: \/Q/

There are various ways to create arrays in NumPy. O

e For example, you can create an array from ar Python list or tuple using
the array function. The type of the resulting array is {l&ﬁzﬁed from the type of the elements
in the sequences.

+ Often, the elements of an array are originally
NumPy offers several functions to create ary
minimize the necessity of growing arrays,

own but its size is known. Hence,
ith initial placeholder content. These
pensive operation. For example: np.zeros,

np.ones, np.full, np.empty, etc
« To create sequences of numbers, provides a function analogous to range that

returns arrays instead of lists. Q/

e arange: returns evenly spaced values within a given interval. step size is specified.

« linspace: returns evenly sp alues within a given interval. num no. of elements are
returned.

¢ Reshaping array: We se reshape method to reshape an array. Consider an array with
shape (al, a2, a3, .. . We can reshape and convert it into another array with shape (b1,

b2, b3, ..., bM). Tﬁq nly required condition is: al x a2 x a3 ... xaN =bl xb2x b3 ... x

bM . (i.e origi e of array remains unchanged.)
o Flatten arpay$\ We can use flatten method to get a copy of array collapsed into one

dimension. It accepts order argument. Default value is ‘C” (for row-major order). Use ‘F’
for column major order.

Example 2:
import numpy as np
# Creating array from list with type float

a = np.array([[1, 2, 4], [5, &, 7]], dtype = 'float’)
print ("Array created using passed list:\n", a)
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# Creating array from tuple
b = np.array((1 , 3, 2))
print ("\nArray created using passed tuple:\n", b)

# Creating a 3X4 array with all zeros
¢ =np.zeros((3, 4))
print ("\nAn array initialized with all zeros:\n", ¢)

# Create a constant value array of complex type
d = np.full((3, 3), 6, dtype = 'complex’)

print ("\nAn array initialized with all 6s.")
print( "Array type is complex:\n", d)

# Create an array with random values (§/
e = np.random.random((2, 2)) Q/
N

print ("\nA random array:\n", e)
# Create a sequence of integers C}
# from 0 to 30 with steps of 5

f = np.arange(0, 30, 5) \QC?

print ("\nA sequential array with steps of 5:\n", f) Q-

# Create a sequence of 10 values in range 0 to %@

g = np.linspace(0, 5, 10) N

print ("\nA sequential array with 10 valut@recn"
"0 and 5:\n", Q/

# Reshaping 3X4 array to 2X2XQ&‘
arr = np.array([[1, 2, 3, 4],
[5, 2, 4, 2], Q)

1, 2,0, 1]]) \é:}\
newarr = arr.resha 2, 3)

print ("\nOriginQan‘ay:\n". arr)
print ("Reshaped array:\n", newarr)

# Flatten array
arr = np.array([[1, 2, 3], [4, 5, 6]])
flarr = arr.flatten()

print ("\nOriginal array:\n", arr)
print ("Fattened array:\n", flarr)
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OUTPUT

Array created using passed list:
[[1.2.4]
[5. 8. 7.]]

Array created using passed tuple:
[132]

An array initialized with all zeros:

&
[[0.0.0.0.] \f(/
\Y%

[0. 0. 0. 0] O
O

O
[0. 0. 0. 0.]] @

An array initialized with all 6s. Array type is u&’g:/
[[ 6.40j 6.40.j 6.40.j] (:’}

[ 6.40.j 6.40.j 6.+0.]] g}
[6+0] 640 640411 | o~

<
A random array: “3\0

Il 0.468295@%.\‘670?9389]
[ 0.090@6‘ 0.95410464]]

A sequential array with steps of 5:

[0510152025]

A sequential array with 10 values between O and 5:
[ 0. 0.55555556 1.11111111 1.66666667 2.22222222 277777778
3.33333333 3.88888889 4.44444444 5. ]
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Original array:
([1234]
[5242]
(1201]]

Reshaped array:
[[[123]
[452]]
[[421]
20 1]]]

Original array: O

(1 23] O

[456]] \kc‘?
Fattened array: @
[123456] Q/
N
O
™

3. Basic operations: Q,

Arithmetic oprations on Numeﬁth:

Program 3: ”3\0‘2}

import numpy as np \2\

array 1 = np.array( I{Qg&,’»], [4, 5, 6]])

array2 = np.arr +8,9], [10, 11, 12]])

print("Addition")
print(arrayl + array2)
print("-" * 20)
print("Subtraction")
print(arrayl - array2)
print("-" * 20)
print("Multiplication")
print(arrayl * array2)
print("-" * 20)
print("Division")
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print(array2 / array 1)

print("-" * 40)

print(arrayl ** array2)

print("-" * 40)

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

print ("Adding 1 to every element:", a+1)

print ("Subtracting 3 from each element:", a-3)
print ("Multiplying each element by 10:", a*10)
print ("Squaring each element:", a**2)

a¥=0

print ("Doubled each element of original array:", a)
a =np.array([[1, 2, 3], [3. 4, 5], [9, 6, 0]])

print ("\nOriginal array:\n", a)

print ("Transpose of array:\n", a.T) Q/O
VY

Olltpl.lt O
Addition
[[ 8 10 12] o

[14 16 18]] ‘:\.‘0
Shteaction <3§
&

[[-6 -6 =6]

[-6 -6 -6]] &
Multiplication 6\

[[ 7 16 27] %

[40 55 72]]

Division Y?“
[T « 4. F. ]
SR »

L1 1 56 19683]
[ 1048576 @125 -211818496011

Subtracting 3 from each element: [-2 -1 2 0]
Multiplying each element by 10: [10 20 50 30]
Squaring each element: [ 1 4 25 9]

Doubled each element of original array: [ 2 4 10 6]

Original array:
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[[123]
[345]
[9601]
Transpose of array:
([139]
[24 6]
(3501

4. Sorting array: There is a simple np.sort method for sorting NumPy arrix) et’s explore it

a bit.
Program 4: \>/Q/
O

import numpy as np O

a = np.array([[1, 4, 2], Q}EQ
(3, 4, 6],
<

[0, -1, 51D

\3&
# sorted array ' (:9

print ("Array elements in sorted order:\n' 'k\h
np.sort(a, axis = None)) Q/

# sort array row-wise QE?M
print ("Row-wise sorted array: @
np.sort(a, axis =

# specify sort algorit \2\
print ("Column wi %bn by applying merge-sort:\n",
np.sort 1§ = 0, kind = 'mergesort’))

# Example to show sorting of structured array
# set alias names for dtypes
dtypes = [('name’, 'S10"), ('grad_year', int), (‘cgpa’, float)]

# Values to be put in array
values = [('Hrithik', 2009, 8.5), ('Ajay’, 2008, 8.7),
('Pankaj’, 2008, 7.9), ('Aakash’, 2009, 9.0)]

# Creating array
arr = np.array(values, dtype = dtypes)
print ("\nArray sorted by names:\n",
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np.sort(arr, order = 'name"))
print ("Array sorted by graduation year and then cgpa:\n",

np.sort(arr, order = ['grad_year', ‘cgpa']))

OUTPUT
Array elements in sorted order:
(10123445 6]

Row-wise sorted array:

[([12 4] Q/

[3 4 6] Q/O

[-1 0 5]] O
Column wise sort by applying merge-sort: OO

[([0-12]

[14 5] @0
(34 6ll Q/({’Q‘
>

An . o
ay sorted by names: %
[('Aakash', 2009, 9.0) ('Ajay',' 2008, 8.7) (‘Hrithik', 2009, 8.5)
('Pankaj’, 2008, 7.9)] \2\
Array sorted by graduation‘@ d then cgpa:
[('Pankaj', 200 ) (‘Ajay', 2008, 8.7) (‘Hrithik', 2009, 8.5)
('Aakash' . 9.0)]

&

Result

Thus the python programs are written and executed to explain the features of NumPy

arraz.
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Ex.No.3 WORKING WITH PANDAS DATA FRAMES

Aim:
Write a python program to work with Panda data frames.
Pandas

Pandas is an open-source library that is built on top of NumPy librayy. It is a Python
package that offers various data structures and operations for manipulating %&rical data and
time series. It is mainly popular for importing and analyzing data much @ Pandas is fast
and it has high-performance & productivity for users. N/

Pandas DataFrame {:>\/

In the real world, a Pandas DataFrame will be cre:
existing storage, storage can be SQL Database, CSV file,
can be created from the lists, dictionary, and from a lis

d'®y loading the datasets from
xcel file. Pandas DataFrame
iCtionary etc.

Pandas DataFrame is two-dimensional size-mutables/pdtentially heterogeneous tabular data
structure with labeled axes (rows and columns). A frame is a two-dimensional data structure,
i.e., data is aligned in a tabular fashion in rows olumns. Pandas DataFrame consists of three
principal components, the data, rows, andé ns.

Columns

"

o o~ '\\\ "‘\x\_\
o~ -.‘_\ —

. . —
~ g

|
Naome Team Number  Position Age
%QO Avery Bradley  Boston Celtics 0.0 PG 250

\2\ 1 John Helland Boston Celtics 30.0 SG 27.0

Row »’& -+ 2 |jonas ]ﬂehlm_ Boston Celtics 80| PF 29.0
Q“v : 3 Jordan Mickey| (Boston Celtics| | NaN PF 21.0
Q : 4 TerryRozier | Boston Celtics | | 120 (pG| 220
5 Jared Sullinger | Boston Celtics | | 7.0 E- INaN

& EvanTurner | Boston Celtics {110 5G 27.0

! Data

Creating a Panda Data Frames
A pandas DataFrame can be created using the following constructor —

pandas.DataFrame( data, index, columns, dtype, copy)
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Creating an empty dataframe :
A basic DataFrame, which can be created is an Empty Dataframe. An Empty Dataframe is
created just by calling a dataframe constructor.

Creating a dataframe using List:

DataFrame can be created using a single list or a list of lists.

Creating dataframe from dict of ndarray/lists:

passed then the length index should be equal to the length of arrays. If no i is passed, then
by default, index will be range(n) where n is the array length. Q/
v

In order to iterate over rows, we can use three function iteritems( )@Tows( ), itertuples() . These
three function will help in iteration over rows.

Program
. &
import pandas as pd \\%

O
# Calling DataFrame constructor Q,%
print("Empty dataframe") \25?“
df = pd.DataFrame() \>C:>
print(df) “3\
print("Dataframe creatidn using List")
# list of strings Q“‘
Ist = ['Geeks', 'For', 'Geeks', 'is', 'portal’, 'for', 'Geeks']

To create dataframe from dict of narray/list, all the narray must be of same le;gth. If index is

Iterating over rows :

# Calling DataFrame constructor on list

df = pd.DataFrame(lst)

print(df)

# initialise data of lists.

Data = {'Name':['Tom', 'nick’, krish', jack’], 'Age"[20, 21, 19, 18]}

# Create dataframe
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df = pd.DataFrame(Data)

# Print the output.

print(df)

print("Create dataframe from dictionoary of lists")

# dictionary of lists

dict = {'name":["aparna”, "pankaj", "sudhir", "Geeku"],
Degree': ["MBA", "BCA", "M.Tech", "MBA"],
'Score':[90, 40, 80, 98]}

# creating a dataframe from a dictionary \/Q/
df = pd.DataFrame(dict) C}/

print(df) (:}

# iterating over rows using iterrows() function :\310

for i, j in df.iterrows(): Q/Q-
print(i, j)
print()

OUTPUT 'g?..
Empty dataframe ('32\
Empty DataFrame \>
Columns: [] ~3\

Index: [] ,&\2\

Dataframe creatiQoQg;g List

0

0 Geeks

1 For

2 Geeks

3 is

4 portal

5 for

6 Geeks
Name Age

0 Tom 20

1 nick 21

2 krish 19
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3 jack 18

Create dataframe from dictionoary of lists
name Degree Score

0 apama MBA 90

I pankaj BCA 40

2 sudhir M.Tech 80

3 Geeku MBA 98

O name  aparna
Degree =~ MBA
Score 90

Name: 0, dtype: object

I ankaj Q/OQ/
name pankaj
Degree  BCA O

Score 40 O

Name: 1, dtype: object 0(:)
2name  sudhir \\&
Degree M.Tech Q.

Score 80 Q/

Name: 2, dtype: object %Q/
N
3name Geeku %O

Degree  MBA
Score 98 Q/

Name: 3, dtype: object \2\?“
&,

Pandas Dataframe visuali@@:l
Retrieving data from the,web

A

In[1]: g?s
&

import pandas as pd

url =

'https:/github.com/chris 16 10/pbpython/blob/master/data/2018_Sales_Total_v2.xlsx?raw=True’
df = pd.read_excel(url)
.

OUTPUT
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account number name sku quantity unit price extprice date

0 740150 Barton LLC B1-20000 39 8669 338091 2018-01-01 07:21:51

1 714468 Trantow-Barrows S2-77896 -1 63.16 -63.16 2013-01-01 10:00:47

2 2188895 Kulas Inc B1-69924 23 90.70 2086.10 2018-01-01 13:24:58

3 307592 Kassulke, Ondricka and Melz $1-654581 41 21.05 863.05 2018-01-01 15:05:22

B 412290 Jerde-Hilpert $2-34077 6 83.21 49926 2018-01-01 23:26:55
1502 424014 White-Trantow B1-69524 7 4277 158245 2018-11-27 14:29:02
1503 424014 White-Trantow S1-47412 18 6558 104028 2018-12-19 15:15:41
1504 4244914 White-Trantow B1-86481 75 2889 2186.75 2013-12-29 13:03:54
1505 424914 White-Trantow  $1-82801 20 9575 1915.00 -12-22 03:31:36

1506 424914 White-Trantow S2-83881 100 88.19 8819&1 8-12-16 00:46:26

1807 rows x 7 columns

Pandas for retrieving data from the csv file <>\/
In[2]: O
import pandas as pd (‘9

data = pd.read_csv(r'C:\Users\HI\Downloads\PythonD@nceHandbook—

master\notebooks\data\iris.csv') @
NE
&

df = pd.DataFrame(data)

print (df)
Out[2]: ((/
sepallength \%:Edth petallength petalwidth class

8 B \> 3.5 1.4 0.2 Iris-setosa
1 s 3.8 1.4 8.2 Iris-setosa
2 4 3.2 1.3 0.2 Iris-setosa
3 &4.6 5 | 1.5 8.2 Iris-setosa
4 §?~'5.9 3.6 1.4 8.2 Iris-setosa
145 6.7 3.0 5.2 2.3 Iris-virginica
146 6.3 2.5 5.0 1.9 Iris-virginica
147 6.5 3.8 5.2 2.8 Iris-virginica
148 6.2 3.4 5.4 2.3 Iris-virginica
149 5.9 3.0 5.1 1.8 Iris-virginica
[150 rows x 5 columns]

Result:

Thus the python program is written to show the working of pandas dataframes
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READING DATA FROM TEXT FILES, EXCEL AND THE WEB AND
Ex.No.4 EXPLORING VARIOUS COMMANDS FOR DOING DESCRIPTIVE
ANALYTICS ON THE IRIS DATA SET

Aim:

Reading data from text files, excel and the web and exploring various commands for
doing descriptive analytics on the Iris data set.

What is Exploratory Data Analysis?

Exploratory Data Analysis (EDA) is a technique to analyze datz:é% some visual
Techniques. With this technique, we can get detailed information about tatistical summary
of the data. We will also be able to deal with the duplicates values, Q{t@fs, and also see some
trends or patterns present in the dataset. N/

Now let’s see a brief about the Iris dataset. (:)O

Iris Dataset
If you are from a data science background you all must iliar with the Iris Dataset. If you

are not then don’t worry we will discuss this here.

Iris Dataset is considered as the Hello World for?%ﬁcience. It contains five columns namely
— Petal Length, Petal Width, Sepal Length, S, Vidth, and Species Type. Iris is a flowering
plant, the researchers have measured vario ures of the different iris flowers and recorded
them digitally.

4A). Aim: g?52/

Reading data fre \éext file and exploring various commands for doing
descriptive analytics on thi&a set.
Seaborn Package: &‘2\

Seaborn ?fﬁny of its own high-level plotting routines, but it can also overwrite
Matplotlib's de parameters and in turn get even simple Matplotlib scripts to produce vastly
superior output. We can set the style by calling Seaborn's set() method. By convention, Seaborn
is imported as sns:

Seaborn package is installed by typing the following command in the command prompt

pip install seaborn
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r

= 2X

BN C:\Windows\system32\cmd.exe =

Microsoft Windows [Uersion 6.1.76011 -
Copyright <(c)> 2809 Microsoft Corporation. All rights reserved.

C:\Users\HI>pip install seaborn
nllecting seaborn
Downloading seaborn-8.11.2-py3-none-any.vhl (292 kB>

lequirement already satisfied: scipu>=1.0 in c:\usersi\hihappdata\l
pythonNpython3?\l1lib\site—-packages <{(from seaborn> <{1.7.3>
Requirement already satisfied: matplotlib>=2.2 in c:\users\hiNappd

Step 2:

notebook command. Type the following program. Give the correct pathqapgit for iris dataset.
The Iris dataset, which lists measurements of petals and sepals of three iis species.

4
Step 1: M\’
Import Packages {«,}
In[1]:
import numpy as np
import pandas as pd # ;h""”’
import seaborn as sns # ; or </
import matplotlib.pyplot as plt Q/
tmatplotlib inline ng

/,
After the successful insertion of seaborn package launch into j@é}ﬁsing jupyter

Step 2: Y)‘

Import iris dataset <\/
In[2]: t;y.,

iris = sns.load dataset W}
my_data frame = pd.Datd{pa 1"1"‘{1 is)
my_data_f:ame.hbad(§<\

Ly
‘z
M
/>\
OUTPUT
sepal_length sepal width petal_length petal width species
0 51 35 14 0.2 setosa
1 40 3.0 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 15 0.2 sefosa
4 50 3.6 14 02 selosa
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Step 3: Simple plot

In[3]:

p=plt.hist (my data frame.sepal length)

OUTPUT
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Step: 4 Plot using Seaborn

In[4]:
g = sns.pairplot(my data frame)

OUTPUT
80

75
70
65
~ 80
55
50
45
40

length

sepa

50

45

sepal_width
NN oW oW s
e o o o ©

"

petal_length
O = N W & 0 O N @© @

petal_width
oy -y MM w
Q (4, (=] (<] (=]

e
o

0o

05
40455055606570758085 15 20 25 30 35 40 45 50 0 1 2 3 4 5 6 7 8 0500 05 1.0 15 20 25 30

sepal_length sepal_width petal_length petal_width
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Step 5: Colour plot

In[5]:

sns.set (style="ticks", color codes=True) # change style g =
sns.pairplot (iris, hue="species")

75 - . ':.'
£ 70 4 B e
® o3
0&5 - -
—_ -e
='an 4 o oMg..
2 '. L
355' =3 . "‘l.
50 | A .._-.'k“'-'
45 o . . .'.vc
40 - ;

o
o
i
1

sepal_width
o;c:‘ :
Pt
e
ﬁ.-
* 3
]Q/ L L 1 L 1 L L 1 L

3 -
25 | . m3ew 3 i |
g
20 - - = =
15 | B S L N L L T LU D R (Y R m T 1 T | T 1 pecias
- — - * satosa
k 2 N B 2 *  versicolor
.y H Had * wrginica

petal_length
O = N W & o N
il
.&.
L
-
H
-
L L
i L
.

L] T T || T 1 ) T L] T T T 1 1 T 1 1 1 T 1

30 - - - q
25 o . — . . - . -
%~ o 3 o
20 4 - . G . . -
£ . g o fft'z-ﬂ Fets
EI 15 - "r‘&‘ﬁ“.‘ - ¢ - % - =
F 10 A o Pas o sl = *ull =
3— - -
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' -
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T
3
sepal_length sepal_width petal_length petal_width
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In [6]:

g = sns.pairplot(iris, height=3, vars=["sepal width", "sepal length"], \
markers=["o", "s", "D"], hue="species")

OUTPUT
F=1 . -‘- .
B - -w
= Ve e
=k s B
a E - - -
& ) i 8 @

T — T 1T T T es
selosa
versicolor

veg . virginica

7.5 S
5 7.0 4 -
€ g5 °.@h
3] R "l‘
= B0 < « % i
o 5 «® o
® 55 ..3.3": figa ®
504 & a2 hdﬁf“
45 - L .l'f : .
40 T T T T T T 1 §
16 20 25 30 35 40 45 5 \
sepal_width (’) sepal_length

In [7]: QQ?‘

g = sns.pairplot(iris, kind="reg", hue="species")

QUTPUT
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species

,Dfﬁuo% g
L\\A <S4

s ¥

i -
£ . i

petal_length
Co=sNWLOON®E

== A Ao
(= o B 4 B
e
-
e

% i '.: a4
13 & = {;

34567 8911080538085 065 456789 00@mSIMPERBES
sepal_length sepal_width tal_length petal_width

Result:

Thus reading data from Text file and exploring various commands for doing descriptive
analytics on the Iris data set is executed.
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4 B). Aim:

Reading data from web and exploring various commands for doing descriptive
analytics on the iris dataset.

Step 1:

Download the Iris dataset from the UCI machine learning repository.by providind the
corresponding URL.

In[1]:

import pandas as pd %

data = pd.read csv('http://archive.ics.uci.edu/ml/machi earning-
databases/iris/iris.data',header=-None)

data.columns = ['sepal length', 'sepal width', 'pet@,eng: ', 'petal

width', 'class'] O
data.head () (.9
NS

Out[1]:
Q/Q'

sepal length sepal width @énulh petal width class
0 5.1 3.6\\ 1.4 0.2 Ins-setosa
1 49 @ 14 0.2 Ins-setosa
2 47 ?&. 3.2 13 0.2 Ins-zsefosa
3 \2\ 3.1 15 0.2 Ins-setosa
4

\é\‘k\él%) 36 14 0.2 lIris-setosa
N

For eac gntitative attribute, calculate its average, standard deviation, minimum, and
maximum values.

Step 2:

In [2]:
from pandas.api.types import is numeric dtype

for col in data.columns:
if is numeric dtype(datalceol]):

print('$s:' $ (col))
print('\t Mean = %.2f' % data[col].mean())
print ('\t Standard deviaticn = %.2f' % datalcol].std())

print ('\t Minimum = %.2£f' % data[col] .min())
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print ('\t Maximum = %.2f' % data[col] .max())
Out[2]:

sepal length:
Mean = 5.84
Standard deviation = 0.83
Minimum = 4.30
Maximum = 7.90
sepal width:
Mean = 3.05
Standard deviation = 0.43
Minimum = 2.00
Maximum 4.40
petal length:

Mean = 3.76 Q/OQ/
g

Standard deviation = 1.76
Minimum = 1.00

Maximum = 6.90 O

petal width: (:)
Mean = 1.20 (:?
Standard deviation = 0.76
Minimum = 0.10 \Y\"

Maximum = 2.50 Q/Q/Q*
Step 3: é

N
For the qualitative attribute (class@t the frequency for each of its distinct values.

In [3]: Q/

data['class'] .x%{}ég}ounts ()

Out [3]: ‘*&*
/\5~<\

Iris-setosa ?s 0

Iris-versico 50

Iris—-virgini 50
£

Name: class, ype: int64
Step 4:

It is also possible to display the summary for all the attributes simultaneously in a table
using the describe() function. If an attribute is quantitative, it will display its mean, standard
deviation and various quantiles (including minimum, median, and maximum) values. If an
attribute is qualitative, it will display its number of unique values and the top (most frequent)
values.

In [4]:
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data.describe (include='all")
describe ()

Out [4]:
sepallength sepal width petal length petal width class
count 150.000000 150.000000 150.000000 150.000000 150
unique NaN NaN NaN NaN 3
top NaN NaN NaMN NaN Iris-sefosa
freq NaN NaN NaN NaN 50
mean 5843333 3054000 3758867 1108667 NaN
std 0828066 0433504 1764420 0763161 NaN Q/
min 4300000 2000000  1.000000  0.100000 W
25% 5100000 2800000 1600000 0300000 \
50% 5300000 3000000  4.350000  1.200000 ww
75%  6.400000 3300000  5.100000 1.300@0 NaN
max  7.900000 4400000  6.900000 @ ‘ NaN
Step :5 @
For multivariate statistics, you can compute the ce and correlation between pairs of
attributes. N
In [5]: ?(:9
print ('Covariance:"') %
data.cov ()
Out[5]: Q‘\)z\
Covariance:
\\
@( sepal length | sepal width | petal length | petal width
s&pal length [ 0.685694 -0.039268 |1.273682 [0.516904
‘sepai width |-0.0392638 0.166004 -0.321713 | -0.117981
petal length |1.273682 -0.321713 |3.113179  [1.296387
petal width |0.516904 -0.117981 1.296387 0.582414
In [6]:

print{'Corrélation:")

data.corr()

Out[6]:
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Correlation:

sepal length | sepal width | petal length | petal width

sepal length | 1.000000 -0.109369 |0.871754 0.817954

sepal width |-0.109369 1.000000 -0.420516 | -0.356544

petal length | 0.871754 -0.420516 |1.000000 0.962757

petal width | 0817954 -0.356544 |0.962757 1.000000

Result:

Thus the reading data from web and exploring various commands for doing descriptive
analytics on the iris dataset is executed.
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4C). Aim:

Reading data from Excel file and exploring various commands for doing
descriptive analytics on the Iris data set.

Required python packages

« matplotlib — data visualization

e NumPy — numerical data functionality

e  OpenPyXL —read/write Excel 2010 xIsx/xlsm files

« pandas — data import, clean-up, exploration, and analysis

e xlIrd —read Excel data < g

e xlwt — write to Excel 0

o XlsxWriter — write to Excel (xIsx) files \\/
N

You can install the required modules using pip. Open your command line program and
execute command pip install <module name> to install amo: le. You should
replace <module name> with the actual name of the 1€ you are trying to install. For
example, to install pandas, you would execute compiand —

/, S\

\.

N4

install pandas.
Sl

Anaconda Command Prompt ‘\?

cannot find the path specified.

eg: pip

p install x1led

t
alled xlwt

install x writer

er—3.0.3-py3I-none—any.whl <149 kB>

npyxl
: openpyxl in c

Create a excel file by name dept.. It can be saved as dept.xlsx
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Sheet 1 heet 2
LA B |l ¢ | D e | A 8 | ¢ | O | E
g, @.‘-&Ueam [From— : Height ‘Wei ght 1 [SLNo Stream Name  Height Weight
Bl 1lSdance Ayush 56 67 2| 1 Humanitie Ankitha 5.1 67
3 | 2 Science Aniban 6 56 3 | 2 Aviation Nakul E 64
4 3 Commerce Saurav 5.7 76 4 | 3 Business Rohan 5.6 56
5 4 Humanities laxman 5.8 58 5 | 4 Science  Satheesh 6 47
6 5 Commerce Rahul 6.1 a9 6 | 5 Science  Yuva 6.3 55
7 6 Science Sneha 6 55 _ 6 Commerci Piyush 54 58
8 7 HotelManagement Harshit 511 68 8 | 7 Hotel Mar Sreeram 53 6
9 | 8 Humanitics Biiju 5.9 63 9 | 8 Hotel Mar Rakul 5.7 54
10| 9 Aviation karan 5.8 59 10| 9 Science  Rani @ 6 e
11 10 Physical Education Rinu 5.5 65 11 10 Humanitieché((} 5.9 57

*o o ‘I.."I.: = 4 ”
W M| depti dept2 - Sheet3 . ¢l i M 4 » M| deptl | deptL\/ eet3 N m

Step 2: C)O

Now we can import the excel file using the read excel ion in pandas, as shown below:
#place "r" before the path string to address special ch: , such as "\'. Don't forget to put the
file name at the end of the path + "xlIsx' Q/

N\
import pandas as pd 0

df = pd.read_excel (r'C:\U sers\Hl\DowQ/ s\dept.xIsx")

print (df) \23”
Out [1]: ’J\\)C‘:)

In [1]:

4{. o Stream Name Height Weight
?\7‘ 1 Science Ayush 5.68 67
2 Science Aniban 6.008 56

Q 2 3 commerce  Saurav 5.78 76
3 4 Humanities  laxman 5.80 58
4 5 Commerce Rahul 6.10 49
5 6 Science Sneha 6.00 55
6 7 Hotel Management Harshit 5.11 68
7 8 Humanitics Biiju 5.98 63
8 g Aviation karan 5.80 59
o 18 Physical Education Rinu 5.58 65
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Step 2:

The second statement reads the data from excel and stores it into a pandas Data Frame
which is represented by the variable newData. If there are multiple sheets in the excel
workbook, the command will import data of the first sheet. To make a data frame with all the
sheets in the workbook, the easiest method is to create different data frames separately and
then concatenate them.

The read_excel method takes argument sheet_name and index_col where we can
specify the sheet of which the data frame should be made of and specifies the title column.

In [2]: Q/
sheet] = pds.read_excel(file, sheet_name = 0, index_col = 0) QSZ)
sheet2 = pds.read_excel(file, sheet_name = 1, index_col = 0) \>/
newData = pds.concat([sheet], sheet2]) CS:)

newData

Out [2]:
(OQ-
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SL.No

1 Stience Ayush 560 67
2 Science Aniban 6.00 56
3 Commerce Saurav 5.70 76
4 Humanities  laxman 5.80 58
5 Commerce Rahul 6.10 43
6 Science Sneha 6.00 55
7 Hotel Management Harshit 51 63
8 Humanitics Bijju 5.90 83
9 Aviation karan 580 59

10 Physical Education Rinu 5.50 85 %
1 Humanities  Ankitha  5.10 &7 (2)
2 Aviation Nakul 500 B4 \/%
3 Business Rohan 5.60 @\/
4 Science Satheesh 6.00 C)a?
5 Science Yuva @ 55
6 Commerce Piyush \%! 58
7 Hotel Management Sre 530 8
8 Hotel Management | 570 54
9 Scbenc\\% Rani 600 66

10 Hu t Yogesh 5.90 57

Step 3: &\2\

To view 5 COIUT&@EI\I] the top and from the bottom of the data frame, we can run the
command

In[3]:

newData.tail ()

Out[3]:
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Stream Height Weight  Name

Si.No

6 Commerce 5.4 58 Piyush
7 Hotel Management 53 & Sreeram
8 Hotel Management 57 54 Ralkul
9 Science 6.0 66 Rani
10 Humanities 589 57 Yogesh

In[4]:

newData.head ()
Out[4]:

Stream Name Height Weight (Z)Q/

Si.No %
1 Science  Ayush 56 67 \>/
2 Science Aniban 6.0 5(}0
3 Commerce Saurav 57 (’jﬁ
4 Humanities laxman 5 58
5 Commerce Rahul 49

the sort_values() method in pandas as fol ;

Step 5: §§
If any column contains numerical @9 can sort that column using

In[5]: 2{
sorted column = newDataggo®. values(['Weight'], ascending = True)

- :so rted column .hj\()%\e\ :

Stream Name Height Weight

QQ’“' T Hotel Management Sreeram 53 6

4 Science Satheesh 6.0 47
5 Commerce Rahul 6.1 49
8 Hotel Management Rakul S 54
6 Science Sneha 6.0 55

Step 6:
Our data is mostly numerical. We can get the statistical information like mean, max,
min, etc. about the data frame using the describe() method as shown below:

In [6]:

newData.describe()
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out [6]:

Height Weight

count 20.000000 20.000000
mean 5.690500 57.300000
std 0361742 13.95519
min 5000000 €.000000
25% 5.475000 55.000000
50% 5.750000 58.000000
75% 6.000000 65.250000

max 6.300000 76.000000 (2)%
NS
Vv

'y
Result: QQ’“

Thus reading data from Excel file and exploring various commands for doing
descriptive analytics has been executed.
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USE THE DIABETES DATA SET FROM UCI AND PIMA INDIANS

Ex.No.5 DIABETES

Use the data set from UCI and Pima Indians diabetes and find the diabetic patients.

Coding:

import pandas as pd <</
import matplotlib.pyplot as plt Q/(:Q
import numpy as np \/\/

import seaborn as sns {:)
dataset=pd.read_csv("E:\\ds\diabetes.csv")

@{3
dataset.head() Q/Q-}
&

Output:

Pregnancies Glucose BloodPressure @%ckness Insulin BMI DiabetesPedigreeFunction Age Outcome
W o

0 2 138 \\30 35 0 336 0127 47 1
1 0 84 w}\ 2 31 125 382 0233 23 0
2 0 145 )&\2\ 0 0 0 442 0630 31 1
3 0 1352?, 68 42 250 423 0365 24 1
4 1 Q@r 62 41 480 407 0536 21 0
dataset.shape

output:

(2000, 9)

dataset.describe()

output:
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Pregnancies Glucose BloodPressure SkinThickness Insulin BMI DiabetesPedigresFunction Age Outcome

count 2000.000000 2000000000 2000000000 2000000000 2000.000000 2000000000 2000.000000 2000000000 2000,000000

mean 3703500 121182500 62 145500 20035000  BOZ54000 32193000 0470930 33080500  0.342000

std 3308061 32068636 19.188315 16103243 111180534 8149001 0329553 11736423  0.474488

min 0000000  0.000000 0.000000 0000000 0000000  0.000000 0073000 21000000  0.000000

25% 1000000 99000000 §3 500000 0000000  ©O000DD 27375000 0244000 24000000 000000

50% 3000000 117 0OD0GO T2 000000 23000000 40000000 32 300000 0376000 23000000 0000000

75% 6000000 141000000 80.000000 32000000 130000000 35800000 0624000 40000000 1000000

max 17000000 199.000000 122 000000 110000000 744000000 80800000 2420000 81000000 1.000000
sns.countplot(x="Outcome',data=dataset) O%

output: \/Q/

<AxesSubplot:xlabel="0Outcome’, ylabel=' count@’

1200 -

1000

800 1

count

600 1

400 -

200 -

Qutcome

#
dataset['Outcome'].value_counts()

OUTPUT
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Oout[31]: o 1316
1 684
Name: Outcome, dtype: inte4

corr_mat=dataset.corr()
sns.heatmap(corr_mat,annot=True)
output:

<AxesSubplot:>

Pregnancies - Q/
Glucose -0 (:9
BloodPressure &/
SkinThickness "
Insulin -ARUE
0.4
BMI
DiabetesPedigreeFunction 02
Age
00

c
o
o]
v
c
3
[T
7]
g
o
- |
d
W
o
&
o
o

Data cleani %?s.
#check any nu@ empty data is present in the dataset

dataset.isna().sum()

output:
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Pregnancies

Glucose

BloodPressure
SkinThickness

Insulin

BMIL
DiabetesPedigreeFunction
Age

Outcome

dtype: intea4

o> I B TR B o v IR B i)

Feature matrix -Taking all our independent columns into single array and dependent
values into another array

x=dataset.iloc[:,:-1].values \g/

y=dataset.iloc[:,-1].values
x.shape (:.?
output Q’

(2000, 8)
# N
x[0] %O
OUTPUT \ng(/

&)

array([2.00e+00, 1.38 *&2, 6.20e+01, 3.50e+01, 0.00e+00, 3,36e+01,
82#81])

1.27e-01, 4,
, R
; <
Qutput

array([1, 0, 1, ..., 0, 1, 0], dtype=int64)

#
fig = plt.figure(figsize=(16,6))

sns.distplot(dataset["Glucose" ] [dataset["Outcome"|==1])
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plt.xticks([i for i in range(0,201,15)],rotation=45)
plt.ylabel("Glucose count")

plt.title("Glucose",fontsize=20)

#
OUTPUT
It Text{0.5, 1.0, 'Glucose’)
Glucose y. (?Q/
[ W
=™~ \ ¥,

" i
fig = plt.figure(figsize ,6))

sns.distplot(datasetf§ sulin"][dataset["Outcome"]==1])
plt.xticks() Q

plt.title("Insulin”,fontsize=20)

OUTPUT
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out[18]: Text(e.5, 1.9, "Insulin')

Insulin

oole

o012

0010

01004 1

’ O
. \y

fig = plt.figure(figsize=(16,6)) Q"

sns.distplot(dataset["BMI"][dataset[“Outcome"]&

plt.xticks() %Q’\

plt title("BMI" fontsize=20) Q/

OUTPUT ?\
Out{19]: Text(e.5, 1.0, 'BMI') \3‘32\
~\

&Qk BMI
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#

fig = plt.figure(figsize=(16,5))

sns.distplot(dataset[ "DiabetesPedigreeFunction”][dataset["Outcome"|==1])
plt.xticks([1*0.15 for i in range(1,12)])
plt.title("diabetespedigreefunction")

Quiput

Dut{2l]: Text(e.5, 1.8, "diabetespedigreefunction’)

diabetespedigreefunchon
100 { ¥ - OQ,

0%0 D
015 £ é\—\
/ \
- 2 RE) ~
1] 1] . - . g v T
015 @30 045 Uf S 0% 106 120 13 1% 145

DiabetesPecgraefuncten

Y?“v‘
>3

B

fig = plt.figure(figsize=(16,6))
sns.distplot(dataset["Age" |[dataset["Outcome"|==1])
plt.xticks([i*0. iinrange(1,12)])
plt.title("Age")

Qutput
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22]: Text(d.5, 1.8, 'Age’)

oo

603

>
5 \

ooz \
f \
‘I ‘\\\
oot / O

.l" \"
b

- _/.__a' 1”\\>’ \ .

Demrra

L V —
- e O

" \3@
x = dataset.drop(["Pregnancies”,"BloodPressure","S '@n\ckness","Outcome"],axis =1)
y = dataset.iloc|[:,-1] %’Q/
¢ o
from sklearn.model_selection import tr%%st_split
X_train,X_test,y_train,y_test=train ng’_”split(x,y,test_size:0.2, random_state=0)
# \}C:}
X_train.shape \2:3\
Qutput ?’S

)

out[41]: (16@%

#

x_test.shape

out[42]: (4ee, 5)

Saving the classifier:
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Import pickle
Pickle.dump(sve,open(‘classifier.pkl’,wb))
Pickle.dump(sc,open(‘sc.pkl’,’wb’))

Diabetes Prediction

A e
Results: Q}‘\V

Chances of having Diabetes is more, p onsult a Doctor.
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Result:
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APPLY AND EXPLORE VARIOUS PLOTTING FUNCTIONSON UCI
DATA SETS.

A.NORMAL CURVES

Ex.No.6 B. DENSITY AND CONTOUR PLOTS

C. CORRELATION AND SCATTER PLOTS

D. HISTOGRAMS

E. THREE DIMENSIONAL PLOTTING

Aim:

To apply and explore various plotting functions on UCI data sets.

A. Normal curves Q/
B. Density and contour plots (:‘:)
C. Correlation and scatter plots Q/

D. Histograms \>/

E. Three-dimensional plotting O

O

6A) Normal curves .‘k@

N
Aim: Qﬁ

To apply and explore the probability den\ nction on normal curves.
\3

values are distributed. It is the most impo¥aht probability distribution function used in
statistics because of its advantages in re&l/case scenarios. For example, the height of the

Normal Distribution is a probability fun%t‘ iL8) \sed in statistics that tells about how the data
population, shoe size, 1Q level,g%?%ﬁ die, and many more.

The probability density functio normal or Gaussian distribution is given by:

N z
1 —(x-p)

fx,u,0) = e 20°
g?/s ovV2om
,QQ“ Probability Density Function

Where, x is the variable, mu is the mean, and sigma standard deviation

Modules Needed

e Marplotlib is python's data visualization library which is widely used for the purpose of
data visualization.

e Numpy is a general-purpose array-processing package. It provides a high-performance
multidimensional array object, and tools for working with these arrays. It is the
fundamental package for scientific computing with Python.




(CS3362-Data Science LL.ab Manual

e Scipy is a python library that is useful in solving many mathematical equations and
algorithms.

e Statistics module provides functions for calculating mathematical statistics of numeric
data.

Functions used

e To calculate mean of the data

mean(data)
e To calculate standard deviation of the data Q/(?Q/
stdev(data) \>/

¢ To calculate normal probability density of the data nom1.pd69 used, it refers to the normal
probability density function which is a module in scipy l@xy that uses the above
probability density function to calculate the value.

Syntax: @

norm.pdf(Data, loc, scale) Q/

Here, loc parameter is also known as the mean\ he scale parameter is also known as

standard deviation. %%0
'{?».
>3

¢ Import module
e C(Create data \>
e Calculate mean and deyiation

» Calculate normal ability density
e Plot using abo ?@lculated values

o Display ploQ

Approach

Implementation
Step 1: Draw a normal Curve
In[1]:

import numpy as np

import matplotlib.pyplot as plt
from scipy.stats import norm
import statistics

# Plot between -10 and 10 with .001 steps.
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x_axis = np.arange(-20, 20, 0.01)

# Calculating mean and standard deviation
mean = statistics.mean(x_axis)

sd = statistics.stdev(x_axis)

plt.plot(x_axis, norm.pdf(x_axis, mean, sd))
plt.show()

Out [1]:

0.035 A

0.030 A

0.025 - Q/

0.020

0.015 + (z?o
0.010 \‘:\%

-0 -15 -10 -5 Qﬁ/Q}s’ 10 15 20
Step 2:
Find the probability density functggﬁ
In [2]
# import required libraries Q"

from scipy.stats import noz®
import numpy as np

import matplotlib.pypl S plt
import sesaborn as sb

# Creating the d ution
data = np.aran O 0.01)
pdf = norm.p@ ata ; lec = 5.3 , scale = 1 )

#Visualizing the distribution

sb.set style('whitegrid')
sb,lineplot(data, pdf , color = 'black')
plt.xlabel ('Heights')

plt.ylabel ('Probability Density')
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Out [2]:

Text(@, @.5, "Probability Density’)

040

0.35

Probability Density
(=]
N
(=]

Result:
Thus the probability density function on normal curves is applied and executed..
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6B) Density and contour plots:

Aim:
To apply and explore Density and Contour Plotting function on UCI Datasets

Density and Contour Plots

Sometimes it is useful to display three-dimensional data in two dimensions using
contours or color-coded regions. There are three Matplotlib functions that can be helpful for this
task:

plt.contour for contour plots,

plt.contourf for filled contour plots, and

plt.imshow for showing images. Q/
Start with Jupyter notebook in command prompt. Q/CO

In[1]: \v/
%matplotlib inline (:>\/
import matplotlib.pyplot as plt (:}

plt.style.use( 'seaborn-white')

import numpy as np (:‘}
Ny
<

Visualizing a Three-Dimensional Function
We'll start by demonstrating a contour plot using ction z=(x,y)z=f(x,y), using the following

particular choice for fff. \S“

QO
In [2]: Q/‘k

def £(x, y): g
return np.sin(x) ** 19 % cos(16 + y * x) * np.cos(x)

A contour plot can be cr W1th the plt.contour function.
It takes three argumc
a grid of x
a grid OQ ues and
a grid of 2 values.
The x and y values represent positions on the plot, and
the z values will be represented by the contour levels.
Perhaps the most straightforward way to prepare such data is to use the np.meshgrid function,
which builds two-dimensional grids from one-dimensional arrays:

In [3]:

np.linspace(@, 5, 50)
np.linspace(@, 5, 48)

=X

X, Y = np.meshgrid(x, y)
Z = F(X, Y)
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In [4]:

plt.contour(X, Y, Z, colors='black');

OUTPUT

Notice that by default when a single color is useé‘%gatl ve values are represented by dashed
lines, and positive values by solid lines.

Alternatively, the lines can be coIor-codé?spemfymg a colormap with the cmap argument.
Here, we'll also specify that we want moredines to be drawn—20 equally spaced intervals within

the data range: %
In [5]: \2\
plt.contour(X, Y, Z, \?\ok\;p- RdGy');
OUTPUT *?“

QQ’“
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|

(

The spaces between the lines may be a bit distracting. We can change\r?y y switching to a
filled contour plot using the plt.contourf() function (notice the f at@ nd), which uses largely
the same syntax as plt.contour().

Add a plt.colorbar() command, which automatically creags&@additional axis with labeled

color information for the plot: Q}
In [6]: Q/

plt.contourf(X, Y, Z, 20, cmap='RdGy") \&

plt.colorbar();

OouTPUT

The colorbar makes it clear that the black regions are "peaks," while the red regions are

"valleys."

Page 64
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One potential issue with this plot is that it is a bit "splotchy." That is, the color steps are discrete

rather than continuous, which is not always what is desired.

This could be remedied by setting the number of contours to a very high number, but this results

in a rather inefficient plot:

Matplotlib must render a new polygon for each step in the level. A better way to handle this is to

use the plt.imshow() function, which interprets a two-dimensional grid of data as an image.

The following code shows this: (:)Q/

In [7]: \/Q/

plt.imshow(Z, extent=[@, 5, 8, 5], cr‘igin='1ower",cmap='Rd®/
plt.colorbar() O

plt.axis(aspect="1image'); C?
2\\‘

OUTPUT

1.00
Q75
050
025
Q00

-0.25

-0.50

A
& .

a 1 2 3 4 5

There are a few potential gotchas with imshow(), however:

o pltimshow() doesn't accept an x and y grid, so you must manually specify
the extent [xmin, xmax, ymin, ymax] of the image on the plot.

« pltimshow() by default follows the standard image array definition where the origin is in
the upper left, not in the lower left as in most contour plots. This must be changed when

showing gridded data.
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o plt.imshow() will automatically adjust the axis aspect ratio to match the input data; this
can be changed by setting, for example, plt.axis(aspect="image’) to make x and y units
match.

o Finally, it can sometimes be useful to combine contour plots and image plots. For
example, here we'll use a partially transparent background image (with transparency set
via the alpha parameter) and overplot contours with labels on the contours themselves

(using the plt.clabel() function):

In [8]:
contours = plt.contour(X, Y, Z, 3, colors='black') %
plt.clabel(contours, inline=True, fontsize=8) @O
plt.imshow(Z, extent=[@, 5, @, 5], origin="lower’, \/
cmap="RdGy"', alpha=8.5) O\/

plt.colorbar(); O
OUTPUT

100

075

as50

025

000

-0.25

-0.60

-0.75

The combination of these three functions—plt.contour, plt.contourf, and plt.imshow—gives
nearly limitless possibilities for displaying this sort of three-dimensional data within a two-
dimensional plot.

Result:

Thus the probability density function on density and contour plotting is done.
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6 C.Correlation and Scatterplots

Aim:
To apply and explore Correlation and Scatterplots function on UCI Datasets

i) Simple Scatter Plots

Commonly used plot type is the simple scatter plot, a close cousin of the
line plot. Instead of points being joined by line segments, here the points are represented
individually with a dot, circle, or other shape. We’ll start by setting up the notebook for plotting
and importing the functions we will use:

In[1]:
&

%matplotlib inline <(/
import matplotlib.pyplot as plt \/
plt.style.use( 'seaborn-whitegrid') {:>\/

import numpy as np (:}
Run the file and then type next line. \‘\&(‘:"
In [2]: N

x

y

np.linspace(@, 10, 30) Q;:>Q/

np.sin(x)

plt.plot(x, y, 'o', color='black’ )Q/%
OUTPUT \25%
&

3 <
075 ‘2:3\ ¢ a
<23’“ ;

-0.50
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In [3]:

rng = np.random.RandomState(8)
fordmarkersdn: [hat, = 2, T, Saet, Mt Sl e, et Eats eE, SdE)a
plt.plot(rng.rand(5), rng.rand(5), marker,
label="marker='{0}'".format(marker))
plt.legend(numpoints=1)
plt.x1lim(@, 1.8);

OUTPUT
10
L ® ® marker=' @
2 ® . nﬁﬁe'zz>
‘.A . ] mrk
08 : S .
x + =
Yo O rker='v'
06 [ 5 - L Y ’x marker=""
b 4  marker='<
7 é »  marker=">'
04 ® Q_} m  marker='s'
' B o + Q/ ¢ marker='d
+
» * “« 7
02 - é
> A %O
oo ® =
08 10 12 14 16 18
For even more possibilities, th naracter codes can be used together with line and color codes

to plot points along with aJ’g nnecting them:

In [4]: ,&\2\
1t.plot( QQ’“K
plt.plot(x, y i

OUTPUT
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100

050
025
Q.00
-025

-0 50

1,00 @Q/

0 2 4 6 B 10

Additional keyword arguments to plt.plot specify a wide range of pr{:{/‘a& of the lines and

markers: O
In [5]: O

plt.plot(x, y, '-p', color='gray',
markersize=15, linewidth=4, Q
markerfacecolor="white', %

markeredgecolor="gray"', @
markeredgewidth=2) N
plt.ylim(-1.2, 1.2);

OUTPUT

05
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This type of flexibility in the plt.plot function allows for a wide variety of possible visualization
options. For a full description of the options available, refer to the plt.plot documentation.

Scatter Plots with plt.scatter

A second, more powerful method of creating scatter plots is the
“plt.scatter’” function, which can be used very similarly to the “"plt.plot™ function:

In [6]:

plt.scatter(x, y, marker='o'); C:)Q/

OUTPUT

1.00 oo ‘\A.o
@ . »

075 Q/ :
0.50 ~
025 | ° ! &Q/ 2

000 e Q/%O S 2
i
075 “3\\5 ; o

?“O 2 4 6 8 10
e

The primary di@‘ i‘lce of plt.scatter from plt.plot is that it can be used to create scatter plots
where the properties of each individual point (size, face color, edge color, etc.) can be
individually controlled or mapped to data.

Let's show this by creating a random scatter plot with points of many colors and sizes. In order to

better see the overlapping results, we'll also use the alpha keyword to adjust the transparency
level:

In [7]:

rng = np.random.RandomState(@)
rng.randn(100)

rng.randn(100)

n n og

= X
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colors = rng.rand(160)
sizes = 1000 * rng.rand(160)

plt.scatter(x, y, c=colors, s=sizes, alpha=0.3,

plt.colorbar(); # show color scale

OUTPUT

=1

-2 i?k 0 1 2
Notice that the color argument \%matically mapped to a color scale (shown here by
the colorbar() command), at the size argument is given in pixels. In this way, the color

and size of points can bi?@ to convey information in the visualization, in order to visualize
multidimensional data/

For example, w&ht use the Iris data from Scikit-Learn, where each sample is one of three
types of flowers'that has had the size of its petals and sepals carefully measured:

For running this module scikit package should be installed. The command used is

python -m pip install scikit-learn
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-

BN C:\Windows\system32\cmd.exe Lo B

C:N\Users~\HI>python —m pip install scikit—learn
iCollecting scikit—learn

Downloading scikit_learn—-1.8.2-—cp3?-—cp3?n—win_amd64.whl (7.1 MB>

eta

Requirenent already satisfied: numpy>=1.14.6 in c:‘\usersihiNappdataNlocal\progra
ns\python\python3?\1lib\site—packages (from scikit—learn> (1.21.6)
Requirenent already satisfied: scipyd=1.1_.0 in ec:\usershNhiNappdataNlocal\program
s\python\python3?\lib\site-packages (from scikit-learn> (1.7.3)
Collecting threadpoolctl>=2.0.8

Downloading threadpoolctl-3.1.8-py3-none-any.whl <14 kB>
Collecting jobhlib>=0.11
Downloading Jjoblib-1.1.8-py2.pyl-none-any.whl <386 kB>

eta
Installing collected packages: threadpoolctl, jobhlib, scikit—learn
successfully installed joblib-1.1.8 scikit-learn-1.8.2 threadpoolctl-3.1.8

:\Users\HI>jupyter notebook

Then launch to jupyter notebook O

In [8]: ,Q<>/
~\./

from sklearn.datasets import load_iris {“/:\)
iris = load_iris() \\/
features = iris.data.T RS

.;wo
plt.scatter(features[@], features[1l], alpha=8: »,‘\
s=100@*features[3], c=ir‘i5.tar‘ge<ﬁ\'/&map='vir‘idis')
plt.xlabel(iris.feature_names[@]) N
plt.ylabel(iris.feature_names[1]); \:/\
»

)
AN

OUTPUT (PN
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We can see that this scatter plot has given us the ability to simul@éously explore four different

dimensions of the data: the (x, y) location of each point cortésponds to the sepal length and
width, the size of the point is related to the petal width, the color is related to the particular
species of flower. Multicolor and multifeature scatter 5@& like this can be useful for both
exploration and presentation of data. Q/

plot Versus scatter: A Note on Efficiency (:ég

Aside from the different features availa@plt.plot and plt.scatter, why might you choose 0
use one over the other? While it doesn't teatter as much for small amounts of data, as datasets get
larger than a few thousand points, %at can be noticeably more efficient than plt.scatter. The
reason is that plt.scatter has th ability to render a different size and/or color for each point,
so the renderer must do the @ ork of constructing each point individually. In plt.plot, on the
other hand, the points m&ys essentially clones of each other, so the work of determining the
appearance of the poi y done only once for the entire set of data. For large datasets, the
difference betww two can lead to vastly different performance, and for this

reason, plt.plot s be preferred over plt.scatter for large datasets.

Result:

Thus the Correlation and Scatterplots function on UCI Datasets are executed.
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6 D.Histograms

Aim:
To apply and explore Histograms function on UCI Datasets

Preliminaries

A simple histogram can be a great first step in understanding a dataset. Earlier, we saw a
preview of Matplotlib's histogram function, which creates a basic histogram in one line, once the
normal boiler-plate imports are done:

Program OQ/
In [1]: Q/

%matplotlib inline O

import numpy as np é@
N

import matplotlib.pyplot as plt

plt.style.use('seaborn-white') Q/Q.

data = np.random.randn(1000)

In [2]: %%

plt.hist(data); \2\?‘.
OUTPUT R \>€9
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The hist() function has many options to tune both the calculation and the display; here's an
example of a more customized histogram:

In [3]:

plt.hist(data, bins=3@, normed=True, alpha=8.5,
histtype='stepfilled', color='steelblue',
edgecolor="none");

OUTPUT

100 OQ/

O
0 -4 -3 %%:1 0 1 2 3

The plt.hist docstring has more i
combination of histtype="ste
comparing histograms of se

In [4]: &‘2\
QS’“
np.randonAcrmal (B, 0.8, 1008)

ation on other customization options available. I find this

' along with some transparency alpha to be very useful when
distributions:

x1 =
x2 = np.random.hormal(-2, 1, 1000)
x3 = np.random.normal(3, 2, 1€08)

kwargs = dict(histtype='stepfilled', alpha=6.3, density=True, bins=40)
plt.hist(x1, **kwargs)

plt.hist(x2, **kwargs)
plt.hist(x3, **kwargs);

OUTPUT
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08

04

4 -2 0

NJ_ OQ/
2 4 ] 8 'JDQ/

If you would like to simply compute the histogram (that is, count tl&s@ﬁj&r of points in a given
bin) and not display it, the np.histogram() function is available: (:)

In [5]: C?
N

counts, bin_edges = np.histogram(data, bins=5
print(counts)

OuUTPUT C:\)\%

In [12]: counts, bin_edges = np@ogr‘an(data, bins=5)
print(counts) '{?»

[ 3113 539 31 2]
N\

Two-Dimensional Hi t}gams and Binnings

Just as we istograms in one dimension by dividing the number-line into bins, we
can also create @aﬁns in two-dimensions by dividing points among two-dimensional bins.
We'll take a brieflook at several ways to do this here. We'll start by defining some data—
an x and y array drawn from a multivariate Gaussian distribution:

In [6]:

mean = [0, 8]
cov = [[lJ 1]: [11 2]]
X, y = np.random.multivariate_normal(mean, cov, 10008).T
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plt.hist2d: Two-dimensional histogram

One straightforward way to plot a two-dimensional histogram is to use
Matplotlib's plt.hist2d function:

In [7]:

plt.hist2d(x, y, bins=3@, cmap='Blues')
cb = plt.colorbar()
cb.set_label('counts in bin')

OUTPUT

¢
&
O3

counts in bin

Just as with plt.hist, plt.hist2d has a number of extra options to fine-tune the plot and the
binning, which are Iﬂ% outlined in the function docstring. Further, just as plt.hist has a
counterpart in n&&émm, plt.hist2d has a counterpart in np.histogram2d, which can be
used as follows:

In [8]:

counts, xedges, yedges = np.histogram2d(x, y, bins=30)

For the generalization of this histogram binning in dimensions higher than two, see
the np.histogramdd function.
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plt.hexbin: Hexagonal binnings

The two-dimensional histogram creates a tesselation of squares across the axes. Another natural
shape for such a tesselation is the regular hexagon.

For this purpose, Matplotlib provides the plt.hexbin routine, which will represents a two-
dimensional dataset binned within a grid of hexagons:

In [9]:

plt.hexbin(x, y, gridsize=30, cmap='Blues')
cb = plt.colorbar(label='count in bin')

é"%
V4

OUTPUT O

140

120

100

count in bin

plt.hexbin has a number of interesting options, including the ability to specify weights for each
point, and to change the output in each bin to any NumPy aggregate (mean of weights, standard
deviation of weights, etc.).

Kernel density estimation
Another common method of evaluating densities in multiple dimensions is kernel density

estimation (KDE). One extremely quick and simple KDE implementation exists in
the scipy.stats package. Here is a quick example of using the KDE on this data:
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In [10]:

from scipy.stats import gaussian_kde

# fit an array of size [Ndim, Nsamples]
data = np.vstack([x, y])
kde = gaussian_kde(data)

# evaluate on a regular grid

xgrid = np.linspace(-3.5, 3.5, 48)

ygrid = np.linspace(-6, 6, 48)

Xgrid, Ygrid = np.meshgrid(xgrid, ygrid)

Z = kde.evaluate(np.vstack([Xgrid.ravel(), Ygrid.ravel()])) Co%

# Plot the result as an image @

plt.imshow(Z.reshape(Xgrid.shape), \/
origin='lower', aspect='auto', \ ¥,
extent=[-3.5, 3.5, -6, 6], O
cmap="'Blues"') O

cb = plt.colorbar() (’9

cb.set_label("density") \Y‘x

OUTPUT

6
0.14
4
0.12
2 0.10
=
g 008
-]
0.06
<
’< 0.04
QQ’“ 0.02
-6 —I 0,00

-3 -2 -1 0 1 2 3

Result:

Thus the Histograms function on UCI Datasets are executed.
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6 E Three dimensional plotting

Aim:
To apply and explore Three Dimensional plotting function on UCI Datasets

Three-Dimensional Plotting in Matplotlib
Matplotlib was initially designed with only two-dimensional plotting in mind.
Around the time of the 1.0 release, some three-dimensional plotting utilities were built on top of
Matplotlib's two-dimensional display, and the result is a convenient (if somewhat limited) set of
tools for three-dimensional data visualization. three-dimensional plots are erQBed by importing
the mplot3d toolkit, included with the main Matplotlib installation: @

Program {:>\>/
In [1]: C?O
N
Once this submodule is imported, a three-dimensigafl axes can be created by passing the
keyword projection='3d' to any of the nomzlé&s creation routines:

from mpl_toolkits import mplot3d

In [2]: (2/%
%matplotlib inline \b?“

import numpy as np

import matplotlib.pyplot aé:p t
ok
P
| '8
In [3]:
K

fig = plt.figure()
ax = plt.axes(projection="3d")

OUTPUT
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\YZ
Three-dimensional Points and Lines (:9

ection of scatter plot created from
two-dimensional plots discussed
scatter3D functions. The call signature
nsional counterparts, so you can refer
more information on controlling the output.
th some points drawn randomly near the line:

The most basic three-dimensional plot is a line
sets of (x, y, z) triples. In analogy with the more co
earlier, these can be created using the ax.plot3D
for these is nearly identical to that of their tw
to Simple Line Plots and Simple Scatter Phé&
Here we'll plot a trigonometric spiral, al 1

In [4]: i?»
&
= plt.axes(proj ectloné\

# Data for a three-dggg:;icnal line

zline = np.linsp ?B, 15, 1000)
xline = np.sin )
yline = np. (zline)

ax.plot3D(xline, yline, zline, 'gray')

# Data for three-dimensional scattered points

zdata = 15 * np.random.random(100)

xdata = np.sin(zdata) + @.1 * np.random.randn(100)

ydata = np.cos(zdata) + @.1 * np.random.randn(160)
ax.scatter3D(xdata, ydata, zdata, c=zdata, cmap='Greens');

OUTPUT
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Three-dimensional Contour Plots C‘?
Analogous to the contour plots we explored in Density m\ﬁ\%mom Plots, mplot3d contains
tools to create three-dimensional relief plots using th 1nputs Like two-

dimensional ax.contour plots, ax.contour3D req 11 the input data to be in the form of two-
dimensional regular grids, with the Z data eval t each point. Here we'll show a three-
dimensional contour diagram of a three-dim | sinusoidal function

In [5]: Q/%

def f(x, y):

return np.sin(np. sqrt@)z + y ¥k 2))

np.linspace 5

X, Y = np. meshg@Ej
? = -F(X Y)

= X

np. linspaceE 2, Qgﬁ‘é
y)

In [6]:

fig = plt.figure()

ax = plt.axes(projection="'3d")
ax.contour3D(X, Y, Z, 5@, cmap='binary')
ax.set_xlabel('x")

ax.set _ylabel('y"')

ax.set_zlabel('z');

OUTPUT
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In [7]:

ax.view_init(e@, 35)
tig

OUTPUT

Wireframes and Surface Plots
Two other types of three-dimensional plots that work on gridded data are wireframes and surface
plots. These take a grid of values and project it onto the specified three-dimensional surface, and
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can make the resulting three-dimensional forms quite easy to visualize. Here's an example of
using a wireframe:

In [7]:

fig = plt.figure()

ax = plt.axes(projection='3d")
ax.plot_wireframe(X, Y, Z, color='black"')
ax.set_title('wireframe');

OUTPUT

wireframe

<
\f{/@
O\/

\\ 'nlli'.ll"l- vl I"b; ; -0.50
AT -0.75
'._‘-\ Il _’H’"“p\, (XAl _'r"-

LU

A surface plot is li ?‘Wireframe plot, but each face of the wireframe is a filled polygon. Adding

a colormap to t ed polygons can aid perception of the topology of the surface being
visualized:

In [8]:

ax = plt.axes(projection="3d')

ax.plot_surface(X, Y, Z, rstride=1, cstride=1,
cmap="'viridis', edgecolor='none')

ax.set_title('surface');

OUTPUT
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surface

%
O
NS
Surface Triangulations O\/

For some applications, the evenly sampled grids required by ove routines is overly
restrictive and inconvenient. In these situations, the triangu -based plots can be very useful.
What if rather than an even draw from a Cartesian or a ¢grid, we instead have a set of

random draws? Q/
In [9]: s
theta = 2 * np.pi * np.random. rand@&?

r = 6 * np.random.random(1009)
np.ravel(r * np. sm(theta))
np.ravel(r * np. cos(theta

f(x, y) C:)

We could create a scatter the points to get an idea of the surface we're sampling from:

X
In [10]:
X

ax = plt.axes(gojection='3d‘)
ax.scatter(x, y, z, c=z, cmap='viridis', linewidth=8.5);

X
y
z

OUTPUT
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This leaves a lot to be desired. The function that will help us in thi@ is ax.plot_trisurf,
which creates a surface by first finding a set of triangles formed @yween adjacent points
(remember that X, y, and z here are one-dimensional arrays): C?

In[l1]: @
&
ax = plt.axes(projection="3d')

ax.plot_trisurf(x, y, z, {E;\
QL

cmap='viridis', edgec none');

OUTPUT &

Result:

Thus the three dimensional plotting on UCI Datasets are executed.
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Ex.No.7 VISUALIZING GEOGRAPHIC DATA WITH BASEMAP

Aim:

To visualizing geographic data with basemap

Basemap

Basemap is a great tool for creating maps using python in a simple way. It’s Q‘(
a matplotlib extension, so it has got all its features to create data visualizatigns; and adds the
geographical projections and some datasets to be able to plot coast lines, sfuntries, and so on
directly from the library. ()\/\/

e Physical boundaries and bodies of water {:_)

O

o drawcoastlines(): Draw continental coas \BM}

o drawlsmask(): Draw a mask betwee%/@ and and sea, for use with projecting
images on one or the other A\

o drawmapboundary(): Draw t@p boundary, including the fill color for oceans.

o drawrivers(): Draw rive € map

o fillcontinents(): Fill tt?cominents with a given color; optionally fill lakes with
another color

« Political boundari:ai\\go

o drawg 4\[1‘165(): Draw country boundaries

tes(): Draw US state boundaries

o drawcounties(): Draw US county boundaries

¢ Map features

o drawgreatcircle(): Draw a great circle between two points
o drawparallels(): Draw lines of constant latitude

o drawmeridians(): Draw lines of constant longitude

o drawmapscale(): Draw a linear scale on the map

¢ Whole-globe images
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o bluemarble(): Project NASA's blue marble image onto the map
o shadedrelief(): Project a shaded relief image onto the map
o etopo(): Draw an etopo relief image onto the map

o warpimage(): Project a user-provided image onto the map

Installation

Step 1: Use the Anaconda Navigator to install basemap. Go to start and click Anaconda
command prompt.

Step 2: Before installing Basemap, be sure to install pillow package. Install‘t’%«lﬁll ow package

using the command line \/

pip install pillow Y 4
Step 3: Next step is to install the Basemap using the f()ll()wing Ckfr,!jm/and

9
pip install basemap \7
¢~<§\

The anaconda command prompt will look like < «
[ B Anaconda C(.)mmand Pmmf.t‘ & ; - \ o[ B -

t.all ln 1low
pi llow in ¢: ersshisvappdataslocalsprogramsspythis
2.8 a

s:5\Windo ystend da install basemap
'conda’ t » i a n internal or» external command.
operable program or

Downloading aj B 3?m—win_amdé4.whl (443 kB)>
eta
Colle s I
Downloading has
eta
ppdataslocalspw

eta
ppdataslocal

Down 1oml ing pypr A—cp3?-cpI?m—uin_amd64.whl <6.2 HB> X

Step 4: After successfully installing basmape package navigate to jupyter notebook using the
following command

jupyter notebook

Step 4: The above cmd will open a new webpage with address http://localhost:8888/tree.

Step 5: Click New—>Python 3 (ipykernal).
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Step 6: Start the program for visualizing geographical data using basemap. Click run to run the
pogram.

Some of these map-specific methods are:

e contour()/contourf() : Draw contour lines or filled contours
e imshow(): Draw an image
¢ pcolor()/pcolormesh() : Draw a pseudocolor plot for irregular/regular meshes

¢ plot(): Draw lines and/or markers.

« scatter(): Draw points with markers. Q/
e quiver(): Draw vectors. O

e barbs(): Draw wind barbs. \/Q/

e drawgreatcircle(): Draw a great circle. O\"’

PROGRAM Qg\&
1. Simple Maps and color it Qg/
To start, import Basemap as well as matplotlib aid numpy:

from mpl_toolkits.basemap import B: @p
import matplotlib.pyplot as plt

import numpy as np
% matplotlib inline C:‘\)z\
import warnings ‘,}\\>

import matplotlib.choo
warnings.filterwarnings(\¢&hore" category=matplotlib.cbook.mplDeprecation)

Basemap?
fig = plt.figure(n@ne, figsize=(12, 8) )

m = Basemap(;@e tion="merc' llcrnrlat=-80,urcrnrlat=80,llcrnrlon=-
1 80,urcrnrlon=180,resolution="c")

m.drawcoastlines()

plt.title("Mercator Projection")

plt.show()

OUTPUT:
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Mercator Projection

1a. Coding for Coloring

fig = plt.figure(num—None, figsize=(12, 8) )
m = Basemap(projection:'merc‘,llcmlat:—S@rldt:%.llcmrlon:—

180,urcrnrlon=180,resolution='c') :\~
m.drawcoastlines()
m.fillcontinents(color="tan',lake_col ¢htblue')

# draw parallels and meridians. \%\

m.drawparallels(np.arange(- 0.),labels=[True,True,False False|,dashes=[2,2])
m.drawmeridians(np.arange ‘m 181.,60.),]labels=[False False False, True],dashes=[2,2])
m.drawmapboundary(fill r="lightblue’)

plt.title("Mercator Pm&

Output
Q@




Out[5]:
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Text(e.5, 1.8, 'Mercator Projection')

60°N

---------------

60°S

Aty Lt L T e R R LR TR LR s &

Mercator Projection

w’ :

-----------

sepasranbesanniassshusasns

---------

-----------

..........

180°

1b. Same sequence of commands but

O

different projection:

fig = plt.figure(num=None, figsizes({2: 8))
m= Basemap{projecﬁon:'moll'% =(),resolution="c")

m.drawcoastlines()
m.fillcontinents(color="p
# draw parallels and nyewg
m.drawparallels(np.
m.drawmeridians
m.drawmapbo
plt.title("Mollweide Projection");
Output

NITLS.

Jake color=lightblue")

120°W 60°W \‘s*'o" 60°E 120°E

e(-90.,91.,30.),1abels=[True, True False False],dashes=[2,2])
ange(-180.,181.,60.),labels=[False False False False],dashes=[2,2])
(fill_color="lightblue")

60°N

30°S

60°S

180°
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Mollweide Projection

BO*N

60°5

2 a. Create a map centered on North America with line.%:@(ving the country and state
boundaries as well as rivers: N

Q>
fig = plt.figure(num—None, figsize=(12, 8) ) Q/
m=
Basemap( width:6()00(}()l'),height:450()00().ress@m:'c‘,projection:'acu',lat_l =35.lat 2=45 lon
_0=-100,lat_0=40)
m.drawcoastlines(linewidth=0.5) %
m.fillcontinents(color="tan’',lake_color= tblue')
# draw parallels and meridians.
m.drawparallels(np.arange(-90.¢ \61\5.),labels:[True,True,False.FalseJ*dashcs:[E,Z])
m.drawmeridians(np.arange = 181.,15.),labels=[False False False, True],dashes=[2,2])
m.drawmapboundary(fill r="lightblue')
m.drawcountries(linewzdh>2, linestyle="solid', color="k" )

m.drawstates(linewidth=¥).5, linestyle="solid’, color='k’")
m.drawrivers(lin =(0.5, linestyle="solid', color="blue’)
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out[6]:

45°N |,

30°N feo.,

=
g

= oW SR - W
™
2b. Use a different map projection, z@pin to North America and plot the location of

Seattle ‘z\?\

fig = plt.figure(figsi »8))

m = Basemap(proj ='lee', resolution=None,
width=g§] cight=8E6,
lat_0=45Non_0=-100,)

m.etopo(scale=0.5, alpha=0.5)

# Map (long, lat) to (x, y) for plotting
X,y =m(-122.3, 47.6)

plt.plot(x, y, 'ok', markersize=5)
plt.text(x, y, ' Seattle', fontsize=12);
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Output

T

Q

2. Map Projections

The Basemap package implements several dozen such projections, all referenced
by a short format code. Here we'll briefly demonstrate some of the more common ones.

We'll start by defining a convenience routine to draw our world map along with
the longitude and latitude lines:
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from itertools import chain

def draw_map(m, scale=0.2):
# draw a shaded-relief image
m.shadedrelief(scale=scale)

# lats and longs are returned as a dictionary
lats = m.drawparallels(np.linspace(-90, 90, 13))
lons = m.drawmeridians(np.linspace(-180, 180, 13))

# keys contain the plt.Line2D instances

lat_lines = chain(*(tup[1][0] for tup in lats.items())) Q/

lon_lines = chain(*(tup[1][0] for tup in lons.items())) O

all_lines = chain(lat_lines, lon_lines) \/Q/

# cycle through these lines and set the desired style O\/

for line in all_lines: (:}
line.set(linestyle="-", alpha=0.3, color='w')

Cylindrical projections
The simplest of map projections are cylindsi€al projections, in which lines of constant
latitude and longitude are mapped to hog¥Zohtal and vertical lines, respectively. This type
of mapping represents equatorial re Qﬁ quite well, but results in extreme distortions
near the poles. The spacing of l@ lines varies between different cylindrical
projections, leading to diffe conservation properties, and different distortion near the
poles. In the following fig % show an example of the equidistant cylindrical
projection, which choost atitude scaling that preserves distances along meridians.
Other cylindrical pr ';&70115 are the Mercator (projection="merc') and the cylindrical

equal area (proj eQQQn:'cea') projections.

fig = plt.figure(figsi , 6), edgecolor="w")
m = Basemap(p on='cyl’, resolution=None,

llernrlat=$90, urcrnrlat=90,
llernrlon=-180, urcrnrlon=180, )
draw_map(m)

ouTPUT
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N
orthographic projection or Perspective projections Q/O

Perspective projections are constructed using a particulas chiGice of perspective
point, similar to if you photographed the Earth from a particular in space (a point which,
for some projections, technically lies within the Earth!). One on example is the
orthographic projection (projection="ortho'), which shows de of the globe as seen from a
viewer at a very long distance. As such, it can show o the globe at a time. Other
perspective-based projections include the gnomonic tion (projection='gnom") and
stereographic projection (projection='"stere'). The often the most useful for showing small

portions of the map.
O

fig — plt.figure(figsize—(8, 8)) @

m = Basemap(projection="ortho', Q&ion:None,
lat_0=50, lon_0=0) (b

draw_map(m);

OUTPUT ?6 \2-;35
QQ'
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Conic projections

A Conic projection projects the map onto a single co @ﬁch is then unrolled. This can lead to
very good local properties, but regions far from the s point of the cone may become very
distorted. One example of this is the Lambert Coidérial Conic projection (projection="lcc’),

A a. It projects the map onto a cone arranged in
such a way that two standard parallels (spgéifted in Basemap by lat_I and lat_2) have well-
represented distances, with scale decre between them and increasing outside of them. Other
useful conic projections are the eil‘la t conic projection (projection="eqdc’) and the Albers

£

equal-area projection (projectio . Conic projections, like perspective projections, tend to
be good choices for represen@ 1 to medium patches of the globe.

fig= plt.ﬁgnre(ﬁgsize:@
m= Basemap(projecli&_ lcc', resolution=None,

lon_0=0, It B850, lat_1=45, lat_2=55,
width= @,‘heightzl 2E7)

draw_map(m)

OUTPUT
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Result:

Thus visualizing geographic data with basemap is implemented.




(CS3362-Data Science LL.ab Manual




