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New Syllabus

B. Sc. (Computer Science) - Third Year
Data Analysis and Visualization with Python

Module-1

Module-11

Python Basics : Python Interpreter, Python Idle, Dynamically
Typed and Strongly Typed Features. Basic Data Types, Variables.
Expressions, Statements, Operators. Flow of Execution. Input
and Output Statements, Conditionals - Boolean Values and Op-
erators. Conditional (if), Alternative (else), Chained Conditional
(if-elif-else). Iteration : While, For, Break, Continue, Pass. Im-
plementing “for® through Range(). ‘in’ and ‘not in" Operators for
Sequence Traversal. Creating and Executing .py Scripts.

Data Structures : Lists : Append, Extend, Insert. Index. Remove.
Pop, Count, Sort. Reverse, Slicing, List Comprehension. Copy-
ing a List : Deep Copy, Shallow Copy. Tuples : Index. Count.
Usage, Use of Tuples as a Swap Function. Dictionaries : Keys.
Values. Tuples, Nested Dictionaries, Dictionary ﬁoawqarm:mmm:.
Strings : Single Line and Multi-Line Strings, Formatter, isdigir.
isalpha. isalnum, islower, istitle, isspace, title, lower, upper, w:r:u,
split. splitlines, join etc. Sers - union, intersection. subsel.

superset. difference, symmetric difference, copy, add. remove
discard etc.

Function & File Handling : Inbuilt Functions - id. len, chr. ord
etc, Defining and Calling a Function, Arguments, Global versus
Local Variables, Defining and Using Lambda Functions, the
map(), filter(), reduce(), functions.

NumPy : Introduction to Numpy, NumPy Array in Python, Ba-
sics of NumPy Arrays, Comparison of Python Lists with Numpy
Arrays.

Array : Array Creation, The Arrange Method, The Zero Method,
Numpy Array Filled with All Ones, The Linspace Method. The
Eye Method, Numpy Meshgrid Function, Empty and Full NumPy
Array. NumPy Array Filled with All Zeros, Numpy Array Filled
with All Ones, 2-D Gaussian Array, Creating Vector in Python

using NumPy.
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Array Indexing. Array Slicing, Data Types, Copy vs. View. Array
Shape. Array Reshape. Array lterating, Array Join, Array Splj,
Amay Scarch. Array Sont, Amay Filter, C oncatenation of .?:w
Amays. Splirting and Comparison of Arrays, Bina
Mathematical Function, String Operations.

ry ovn_.m:osm.
Module-IV  Matrix in NumPy : Marix Manipulation in Py
Function, zeros() Function. ones() Function, eye() _ucso:o:.
dentity() Function, Adding and Subtracting Matrices in Python,
Vector Multiplication, Dot Product of Two Arrays.
Operations on NumPy Array : Broadcasting with Numpy
Arrays, Sorting. Searching and Counting of N umPy Arrays. Varj.
ations in Different Sorting Techn iques in Python.

thon, empty()

Universal Functions : Creation of ufunc, Simple Arithmetic,
Rounding, Trigonometric, Hyperbolic. Set Functions.

Data Visualization with Matplotlib : Overview
and its Capabil

Hodule-V

of Matplotlib
ities. Creating Line Plots and Scatter Plots, Cus-

tomizing : Labels, Titles, Colors, Legends. Creating Bar Plogs
and Histograms. Adding Annotations and Text to Plots
Subplots and Multiple Plots, Saving and Exporting P

Advanced Data Visualization : Creating Pie Charts and Box

Plots, Visualizing 3D Data with Matplotlib. Interactive Vi
zation using Widgets.-

; Ozwm::m
ots.
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i Question List |
IIII-IIl-IlIIlIII'I'llll-
Module - |
Q.1 Write about Introduction to Python.
-2 Write about Python Interpreter.
Q.3 Write about Python Idle.

Q.4 Write about Dynamically

Typed and Strongly Typed Features in Py-
thon.

Q.5 Write about Basic Data Types in Python.
Write about Variables in Python.
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Write about Statements in Python.
8

Q write about Operators in Python.

QY write about Flow of Execution in Python.

Q.10 Write about Input and Output Statements in Python.
QI

» Write about Conditionals in Python.
Q.12
o Write about Implementing 'for' Through Range( ) in Python.
ol Write about 'in' and 'not in' Operators for Sequence Traversal in Python.
ﬂ— ! s - .
e Write about Creating and Executing .py Scripts in Python.
e Module - 1I

write about Data Structures in Python.

Write about Iteration in Python.

Q.l

2 .
M s Write about Tuples in Python.
D

Q.4 Write about Dictionary in Python.
o.u Write about Strings in Python.

Write about Lists in Python.

Q.6  Write about Sets in Python.
Q.7  Write about Inbuilt Functions in Python.
o.m Wwrite about Defining and Calling a Function in Python.
o.c Write about Arguments in Python.
o. 10 Write about Global vs. Local Variables in Python.
o. 11 Write about Defining and Using lambda Function in Python.
| Module - Il
Q.1  Write about Introduction to Numpy in Python. .
Q2  Write about NumPy Array in Python. ,
Q.3 Write about Array in Python. . .
Q4  Write about Indexing and Searching in Array in Python.
Module - IV
| Q.1 Write about Matrix in Numpy.
Module - V
Q. Write about Matplotlib in Python.
Q.2 Write about Drawing Plots in Python. N :
Q.3 Write about Data Visualization with Matplotlib in Python.
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Q.1 Write about Introduction to Python,

Ams. Python isa high-level, interpreted. interactive and object-orienteq 5

Cry
is desi ighly e. It uses TR
ing language. Python is designed to be highly readable Englig),

: : k
words frequently whereas other languages use punctuation, and it hag T,MM
svntactical constructions than other languages. .

) 1 Python is Interpreted - Python is processed at E::::.” by the inte,
preter. 4.2_. do not need to compile your program before executing ji, Thig \
similar 10 PERL and PHP. ,

2 Python is Interactive - You can actually sit at a Pythop prompt -
interact with the interpreter directly (o write your programs. :
3 Pyvthon is Object-Oriented - Python supports Object-Orienteq Style

or techmque of programming that encapsulates code within objects.

4 Python is a Beginner’s Language - Python is a great langy
beginner-level programmers and supports the development of a \y;
applications from simple text processing to WWW browsers to cai

History of Python
Python was developed by Guido van Rossum in the |ate
early nineties at the National Research Institute for Mathematjcs

age for th
de range o
mes.

eighties ang

and Compy.

ter Science in the Netherlands. .
Python is derived from many other languages, including ABC, Modula-
3. C. C+=+, Algol-68, SmallTalk, and Unix shell and other scripting languages,

Python is copyrighted. Like Perl, Python source code is now
under the GNU General Public License (GPL).

Python is now maintained by
although Guido van Rossum still hol

available

a core development team at the institute,
ds a vital role in directing its progress.

. Python Features
Python’s features include -

| Easy-to-learn -

Python has few keywords, simple structure, and a
clearly defined sy

miax. This allows the student to pick up the language quickly.
2 Easy-to-read - Python code is more clearly defined and visible to the

eyes.

3 Easy-to-maintain - Python’s source code is fai

4 A broad standard library

able and cross-platform compatibl

rly easy-to-maintain.
- Python’s bulk of the library is very port-
€ on UNIX, Windows, and Macintosh.

5 Interactive Mode - Python has support for an interactive mode which

allows interactive testing and debugging of snippets of code.
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.\«\_ﬂ_ﬂ.ﬂcﬂ. - Python can run on a wide variety of hardware platforms
b ; .
we same interface on all platforms,

od has U .
o 7 Extendable - You can add low-level modules 1o the Python inter-

These modules enable programmers to add to or customize their 1ools to
¢ efficient. .
g Databases - Python provides interfaces to all major commercial
databascs. | -
9 GUI Programming - Python supports GUI applications that can be
ted and ported to many system calls, libraries and windows systems, such
; " . ‘
n_mw<.=aoém MFC, Macintosh, and the X Window system of Unix.
) 10 Scalable - Python provides a better structure and support for large
Eoimaw than shell scripting.

Apart from the above-mentioned features, Python has a big list of good
res, few are listed below -

pretet.
be mor

catu , .
_n,u it supports functional and structured programming methods as well as
(i
OOP. ;
iy Itcan be used as a scripting language or can be compiled to byte-code
: for building large applications.
iy It provides very high-level dynamic data types and supports dynamic
it A !
type checking. |
(iv)  ltsupports automatic garbage collection.
(v) ltcan be easily integrated with C, C++, COM, ActiveX, CORBA, and
v g

va. . .
.M::o: is available on a wide variety of platforms including Linux and
X.
o Getting Python .
The most up-to-date and current source code, binaries, QOnci.ﬂ_:m_%uw
etc., is avail@Ble on the official website of Python https://www.python.org/
e an download Python documentation from __:_um“\\‘.,_22,‘3‘__,6:.o:m\
doc/. AW\MMwn:BmEE_os is available in HTML, PDF, and PostScript formats.
| Installing Python
Python distribution is available for a wide variety ﬁ_:.w_m:.o,.ﬂﬁ“mm.:wm_.“
need to download only the binary code applicable for your platform @
Fhort ; 'm i ailable, you need a C com-
If the binary code for your platform is not avai : 8
i i i ally. Compiling the source co e
ﬂ”.m_mmwwh”m“m._w_,wowhm_nmw M%ﬁmm%%w:mmpwam ___EU you require in your installa-
tion.
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Setting up PATH =
Programs and other executable files can be in many directories,

o
ating systems provide a search path that lists the directories that the OS mzmﬁr
for executables. .
The path is stored in an environment variable, which is a named Strip
maintained by the aperating system. This variable contains information mS:_m
able 10 the command shell and other programs. )
The path variable is named as PATH in Unix or Path in Windows (Unj,
is case sensitive; Windows is not). | 5

In Mac OS, the installer handles the path details. To inv

werpreter from any particular directory, you must add the Pyt
vour path.

O_AO a—gn —v%-—..o_‘_
hon &RQoQ to

Python Environment Variables -
Here are important environment variables, which can be reco
Python -

I PYTHONPATH : It has a role similar to PATH.
Pyvthon imterpreter where 1o locate the module files impo
should include the Python source library directory and ¢
mg Python source code. PYTHONPATH is sometime
installer.

2 PYTHONSTARTUP : It contains the path of an initialization file
containing Python source code. It is executed every time you start the inter-
preter. It is named as -pythonrc_py in Unix and it contains commands that loag
utlities or modify PYTHONPATH.

3 PYTHONCASEOK - It is used in Windows to instruct Python to find
the first case-insensitive match in an import statement. Set this variable to any
value 10 activate it.

4 PYTHONHOME - It is an alternative module search path. It is usu-

ally embedded in the PYTHONSTARTUP or PYTHONPATH directories to
make switching module libraries easy.

Running Python
There are three different ways 10 start Python-

(i) Interactive Interpreter : You can start Python from Unix, DOS, or

any other system that provides you a command-line interpreter or shell win-
dow.

gnized by

This variable tells the
rted into a program. |;
he directorieg contain-

S preset by the Pythop,

Enter python the command line.

Start coding right away in the interactive interpreter.
spython # Unix/Linux

Data Analysis & Visu. with Python / 7
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or

3:_.6

or
C:> python # Windows/Dos

n% # Unix/Linux

Here is the list of all the available command line options-
er e
Option & Description

sr.No- d It provides debug output

. -0 It generates optimized bytecode (resulting in .pyo files).
2 _S Do not run import site to look for Python paths on startup.
3 v verbose output (detailed trace on import statements).

4 _X disable class-based built-in exceptions(just use strings).
3 obsolete starting with version 1.6.

6 —c cmd  run Python script sent in as cmd string

1 file run Python script from given tile

(ii) Script from the Command-line : A Python script can be executed
mmand line by invoking the interpreter on your application, as in the fol-
at co
lowing . o
Spython script .py #Unix/Linux
or -
python% script .py # Unix/Linux
or . _
C: >python script .py # Windows/DOS
Note- Be sure the file permission mode allows execution.
(iii) Integrated Development Environment : You can run Python _‘Sq,:
Graphical User Interface (GUI) environment as well, if you have a GUI appli-
a
cation on your system that supports Python.
0] Unix - IDLE is the very first Unix IDE for Python.
(i) Windows - Python Win is the first Windows interface for Python and is
i
an IDE with a GUL |
iii) Macintosh - The Macintosh version of Python along E.E the _Urm. IDE
: is available from the main website, downloadable as either MacBinary
or BinHex'd files |
[l your are not able to set up the environment properly, then you can take
help from your system admin. Make sure the Python environment is properly
set up and working perfectly fine.
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Q.2 Write about Pyvthon Interpreter.
Amv. The default encoding tor a Python source file is UTF-8. This is g { i
Standard vanable-width character encoding: it can encode 1.112.064 \
pomis in Unicode using up to four 8-bit bytes, Using this encading,
characters of most languages - we ¢an use these in string literals, con
and wdentifiers: Since the standard library makes usc of ASClI characterg only
vou must declare the use of this encoding to vour editor. This is (o Cnsure :.HJL
all such characters display without a problem. The font should be such gy,
v:..__._oasznrman_n_.mS::._.__o

We add this comment as the first line of the file we

= -*- coding: encoding -*-

B. Sc. - Third Yeq,

Code
.-—_ _»_ CSL.,.
We cap Use

ey

want to use it i,

55;63&%_mm,m_ananﬁ_s, _f:o_;:vvo:m. Similarly, When
vou want to use the Windows-1252 encoding. you can use this as the firg line
ol code

£ -*- coding: cp1232 -~

However, when you want to begin code with a UNIX sh

ebang ijne.
can put the comment for encoding second-

You

{ #!'ust’bin env python3
2 # -®- coding: cp1232 -~

sow to Invoke the Python Interpreter?

On vour machine. vou can find your interpreter at an address like:
C:Pyvihon36

Or 1t may reside on the location you selected at the time of inst
Add path using this command:
sel path="apath®.:C: python36
Start the Python Interpreter

allation,

On Windows. when you want to run the Python interpreter in the
»0u can nype the following:

Sprthon

shell,

To zet out of the interpreter in disassemblin
can nype:

g the Bytecode shell. you
) S QC::
Python Multiple Inheritance Python MRO
(Method Resolution Order)

Alternately. you can use an *end-of-
interpreter exits with a zero exit status. Yo
ate-Primt-Loop) fashion. But if you want,
script and execute it using the interpreter:

file’ character at the prompt. Python
ucan use it in a REPL (Read-Evalu-
you can save your Python code as a

e YHE
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gNe
\\\M_ﬂﬂ_:ﬂ demo.py

pter interactive mode after running a script, you can pass -i before
Toe

_._,_u._ﬁ. . command python -c command [arg| ... exccutes statements in com-
! HE‘___Q: -m module [arg] ... executes the source file for module.
n

Features of Python Interpreter

gome features: of paython interpreter are as follows -
Sol i
Interactive editing

(he 8¢

_:M:_:._. a

1) i

,.. History substitution . |
(i) Code completion on systems with support for readline
(i)

|n the first Python prompt, try pressing the following keys:
Ctri+P . N
This tells you if your interpreter supports command-line editing. A beep
. .. . . . - .
tes that it does support command-line editing. Otherwise, it will eithef
ipdlh a no-operation or echo “p to indicate it isn"t available.
4 i -
_ Passing Arguments

When you pass a script name and additional E.u_:_:..._:w to the shell w :m.:
oking the Python interpreter, it tms these inw a list of strinus. Then. it
_=<.ca_,=_”..du~.:mmm to the variable argv in the sys module. The following command
w,”m___um.zm us a list of this-

import sys ‘ |
Without a script or arguments. sys.argv[0] denotes an empty string. A
ot name of *=" means that it sets sys.argv[0] 1o *-". and with *-¢". it is set 1o *-
wm:n uw_ca of *-m” sets sys.arev[0] to the module’s full name. The command

-. .

_nz.o%__m handles the options after-"-¢” or *-m".
Interactive Mode

Python interpreter is in an interactive mode when it reads commands
from a tty. The primary prompt is the following:
>35>

_i._,o_._:

When it shows this prompt, it means it prompts the developer _wq the
xt command. This is the REPL. Before it prints the first prompt. Python inter-

ne . : . ¢ . :
preter prints a welcome message that also states its version number and a copy
right notice.

This is the secondary prompt:

This prompt denotes continuation lines.
. § python3.7
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2 Python 3.7 (default, Jul 16 2018, 04:38:07)

3. [GCC 4.8.2] on Windows

4 Type “help™, “copyright™, “credits™ or “license™ for more 5?55:

s >>> On,
You will find continuation lincs when working with a Multi-lipe "

struct: on.

L >>> it_rains =True

2 >>> of it_rains:

3. prmt(™The produce will be good™)
You can also use the Python interpreter as a calculator:

i >>> %7

2 14

3 >>> 42

4 20

How Does Python Interpreter Works?
Well, miernally, four things happen in a REPL:
L Lexing - The lexer breaks the line of code into tokens.
i Parsing - The parser uses Jhese tokens to generate a strucyre.
iil. Compiling - The compiler turns this AST into code objecu(s).
iv. Interpreting - The interpreter executes each code object.

Q3  Write about Python Idle.

Ams. IDLE (Imegrated Development and Learning Environment) is ap inte-
graled development environment (IDE) for Python. The Python installer for
Windows contains the IDLE module by default.

IDLE is not available by ‘default in Python distributions for Linux. It

needs 1o be installed using the respective package managers. For example, in
case of Ubuntu:
$ sudo apt-get install idle

IDLE can be used 1o execute a single statement just like Python Shell
and also 1o create. modify and execute Python scripts. IDLE provides a fully-
_..mm_E..R_ text editor to create Python scripts that includes features like syntax
_._m_.___m__z._m. autocompletion and smart indent. It also has a debugger with step-
ping and breakpoints features.

To start IDLE interactive shell, search for the IDLE icon in the start
menu and double click on it.

Python IDLE

Data Analysis & Visu. with Python / 11
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Programs (1)
| IDLE (Python 3.7 64-ba)

57 See more results

_,mr.h-l.sw“ [

This will open IDLE, where you can write Python code and execute it as

shown below.

ﬁa.sn‘_,ﬁ.m_wi. = 3
e il L R A N
p f@ Sl pabvg Groo MRS e £2151) [MSC v.1214 68 bit (AMD6 ._

| yenen 3.7.0 (v3.7.0:1br9cc5083, Jun 27 2018, 0%
4;1 <n win32
Type =zapyzigbe”, ®"credirts®™ oI

wos |

=license ()* feor more infeormation.

Fig.
Now, you can execute Python statements same as in Python Shell as
shown below.
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Fig. : Python IDLE

o To execute a Python script. create a new file by selectine Fil
File from the menu. ’ o E

Y Z@E

332p4, Mar 28 2DIE, 16:07:4 > v.18 2 I
& Faie, €€} [MSC 1800 32
ﬂ bit (Tpnra

i

liZems=e,® for mcre infcrmartion.

I |5

h
(-5 E A
Carle Onghre § .
AR-Shar- S i

Ceste? i 3
|3

£r-F
G-

“Fig.
Enter multiple statements a
nd save the file with extensi i i
-> Save. For example, save the following code as hello vwnzm_oz RSk
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;.c_—-..:a-
1.H=- fart ‘mn..:! Run " Qptions  Window Help

prant (' v -1

prant " ne 1o Tutcibant ¥y Vol o 038 1]

will show the output.

. Fig. : Python Script in IDLE
Now, press F5 to run the script in the editor window. The IDLE shell

—
n'w Python 3.6.5 Sheil ;
fle fdi ~Shell Debug Options Window Melp . e
rm.?u.n:_u: 3.6.5 (v3.6.5:f59c0932p4, Mar 28 2018, 16:07:46) [MSC v.1900 32 bic (Inte -

1)] eon win3dZ
Type "copyright”,

®credice™ ar "license ()" for more information.

>>>

= RESTART: n"fc_uuﬂufanku,.».uUUmnu/ronw“_./ﬂnnvonu._ﬂ/—uﬁvoaxvﬁ#cbum»um/n.n-n.u.... -
Mello World
welcome to Python Tutorial by TutorialaTeacher.com

3|

Fig. : Python Script Execution Result in IDLE
Thus, it is easy to write, test and run Python scripts in IDLE.
Q.4  Write about Dynamically Typed and Strongly Typed Features in

Python.
Ans. - Dynamic

ally typed: Dynamic typed programming languages are those
languages in which variables must necessarily be defined before they are used.

This implies that dynamic typed languages do no require the explicit declara-

tion of the variables before they’re used. Python is an example of a dynamic

typed programming language, and so is PHP. Consider the following example:
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™ Pyxthon code */

l/onq
num = 10 /7 dircctly using the variable

Im the above code fragment. we have directly assi

, T y assigned the var;
the cur.n 10 before mmnializing it. This is characteristic to dynamic M.
gramming languages.
= uw”:dlnt typed: ?ﬁﬁ!:am:,m languages in which variables |,
N x Dypes are strong fyped. This implies that in strong typed _m_”?

arables are necessanih bound 10 2 ' f i

(e e particular data type. Python is stroy,
QS Write about Basic Data Types in Python.
“lr Data types w.d the ng.,mﬁ..:o: or categorization of data
pes gﬂ a kind of e&.:n which determines what operationg
formed on data Numeric. non-numeric and Boolean (true/fa
the most used data types.

?.ﬁ-..ou has the following standard or built-in data types:

.ﬁ?.lﬂ.ﬂ 2 mHn_..nma date types.- Numbers, strings, Lists
vonary numenc value s any representation of data :w:. .
valpe. Python identifies three nvpes of numbers: o

:l_._ Imteger: Positive or negative whole numbers (without a fraction
(n

14

HU_W n
Yped i

Pro,

€ Spe.
o
,d:mm.mw‘

:OSM. D
can be
Ise) amﬁu

Aty
er.
are

Tuple, Dic
o -
4 :camln

‘ ) ) . al
Float: Any real number with a floating point representation in ‘.,\__mum.::v
ICh 3

fractional component is denoted by a deci .
i Yy a decimal symbol or Scientific nog,.

Complex number: A number with a real imagi
mber: and imaginary com
E& as x*yj. x and y are floats and j is -Zma:M_.m root oq,.u_o:mi -
. . ﬂv nm.:ma an
. -ﬁmn.aw.ao—nn.. z Dmn. with one of two built-in values True or False. Not; |
F" are capital. true and false are not valid booleans and P ’ o“_mm
throw an error for them. il

Non-Numerical Data Type

(1) Sequence Type : A sequence is an ‘

‘ : ordered collecti imi

) S ion of s

._:.Qn:_ data types. Python has the following built-in sequence data a_\zw““w_mm._, ”

() m,:.:.m : A string value is a collection of one or more cha .
single. double or triple quotes.

()

racters put in

(ii)  List: A list object is an ordered i
. collection of one or more data j
, . ait
i necessarily of the same type, put in square brackets. ems. ot
)  Tuple : A Tuple object is an ordered collection of one or more data

items. not necessarily of the same type, put in parentheses,

BNB 20 Question Data Analysis & Visu. with Python / 15
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(2) Dictionary : A dictionary object is an unordered collection of data in
y:value pair form. A collection of such pairs is enclosed in curly brackets.
example: {1:*Steve™, 2:*Bill™, 3:*Ram™. 4: “Farha™}

type() function : Python has an in-built function ‘type()’ to ascertain the
¢ of a certain value. For example, enter type(1234) in Python shell and
urn <class *int’>, which means 1234 is an integer value. Try and verify
pe of different values in Python shell, as shown below.
>>> type(1234)
<class “int™>
>>> type(55.50)
<class “float’>
>>> type(6+4))
<class ‘complex™
>>> type(“hello™)

a ke
For

data tYp
jwill ret
the data ty

<class “str’>

>>> type([1.2,3.4])

<class “list’>

>>> type((1,2.3.4))

<class "tuple™

>>> type({1:"one”, 2:4two”, 3:"three™})

<class “dict’™> .

Mutable and Immutable Objects : Data objects of the above types are
stored in a computer’s memory for processing. Some of these values can be
modified during processing, but contents of others can’'t be altered once they
are created in the memory.

Number values, strings. and tuple are immutable, which means their
contents can't be altered after creation.

On the other hand. collection of items in a List or Dictionary object can
be modified. It is possible to add. delete, insert, and rearrange items in a list or
dictionary. Hence. they are mutable objects.

Q.6 Write about Variables in Python.
Ans. A variable is something which can change. A variable is a way of refer-
ring to a memory location used by a computer program. A variable is a sym-
bolic name for this physical location. This memory location contains values,
like numbers. text or more complicated types.

A variable can be seen as a container (0 store certain values. While the
program is running, variables are accessed and sometimes changed, i.e. a new
value will be assigned to the variable. Python variable is a reserved memory
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aame of 3 STme vahse. &5 shous below - -(m_,ﬂm.?,.

> amVa—"Sew”

Sa. the valee beme referred can change (or van ), hence i
araie R © mportant to remcsaber that 2 vaniable is 2 name giy e, _unw:nam
and st 0 2 momon locahoe slorme the value. = .:omfm_:n
al&gzrggﬁrﬂigmﬂﬁ.:p:ﬁvmmmr >

Own be.

for P
For
Rl
it s o.u#

Qive,
-ﬂ:fdﬂ . v.g a

om
>>> e Va=Sewe"™
>> > .u_f...

Stve
Dynamic Typing
Ome of the emporzam features of Python is that it i

. ) 15 a dyvnam
.n@.nuﬂ..auj kenzuases such as €. C+~_ Java. and Cx

H.rwnng: s nﬂ..&@ﬂl?ﬂngbmnﬂmm user-friendly name o
RO Fn!-l‘ .& 53 lnlr& ¥ store the value of a particular amM<ﬂ. to
| A .uﬂl.lmn = Python i 0ot bound permanently to a specific awﬁfﬁ-
fms2cad # owh mﬂaﬂuu[yn_suaur.no_.unn_.n.i?vm Hence. 1h P
- - 1N prior

declaraon of vanable’s data nvpe 15 not possible. |
B R - _ In Python. 2
0 2 varble decades s data hype and not the on_..nj_uu.. mo.“_:-””m data assigneq

i rin..aaallm T«Ehlnanim.mnﬁim value is
able "mame’_ We can et #s type using the ype()” funcuon
>>> pame="Sicve™
>>> type{ name)
<class "sir'>
Now the Pyvthon interpreter won't object if i i
. il ject if the same variable is used to
>>> pame=1234
>>> type(name)

mﬂN_ _v !sz
are staticaly.

assigned to a varj-
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<class ‘int >

We can see that the data type of a variable has now been changed to
integer- This is why Python is called a dynamically-typed language.
Naming Conventions
Any suitable identifier can be used as a name of a variable, based on the

following rules:
i The name of the variable should start w ith either an alphabet letter (lower

or upper case) or an underscore (_). but it cannot start with a digit.
More than one alpha-numeric characters or underscores may follow.
The variable name can consist of alphabet letter(s). number(s) and
underscore(s) only. For example. myVar. MyVar. _myVar, MyVar|23
are valid variable names but m*var. my-var. ImyVar are invalid variable
names.

{dentifiers in Python are case sensitive. So, NAME. name, nAME. and
nAmeE are treated as different variable names.

Wi 9

e

Starting the name with a single or double underscore has a special mean-

ing in Python.

Q.7 Write about Expressions in Python.

Ans. An expression is a type of Python statement which contains a logical
sequence of numbers. strings. objects. and operators. The value in itself is a
valid expression and so is a variable.

Using expressions. we can perform operations like addition. subtrac-
tion. concatenation and so on. It can also have a call to a function which evalu-
ates results.

Expressions are representations of value. They are different from state-
ment in the fact that statements do something while expressions are representa-
tion of value. For example any string is also an expression since it represents
the value of the string as well.

Pyvthon has some advanced constructs through which you can represent
values and hence these constructs are also called expressions.

How to create an expression

Pyvthon expressions only contain identifiers, literals. and operators.

Identifiers: Any name that is used to define a class. function. variable,
module. or object is an identifier.

Literals: These are language-independent terms in Python and should
exist independently in any programming language. In Python. there are the string
_m__a_.m_m. byte literals. integer literals. floating point literals, and imaginary _:n_,c.
als.
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~>> test = “Learn Python™

B. Sc. - Thirg Y

|/@:4

>>> iditest)

6589040

The numbser is the address of the location where the data lives in Memg,
Case-2: Right-hand side (RHS) is a current Python variab)e L1 Yy,

take up the next ype of assignment statement where the RHS is a cupy, ent py
thon variable.

>>> another_test = lest

The above statement won’t trigger any new allocation in memory. B
the variables would point 10 the same memory address. It’s like creating a_fr
to the existing object. Let’s validate this by using the id() function. lag

>>> test = “Learn Python™

>>> jd(test)

6589424

>>> another_test = test

>>> jd(another_test)

585424

Case-3: Right-hand side (RHS) is an operation : In this type of state.
ment. the result would depend on the outcome of the operation. Let’s ang|
with the following example.

>>>west=2%*5/10

>>> Euﬂﬂnﬂv

1.0

>>> Qﬁﬂﬁm&

<class *float™

In the above example, the mummms:_ni would lead to the creation of a
“float™ variable.

>>>test=2*5

>>> print{test)

10

>>> type(test)

<class ‘int’>

E,m

Yze it

In this example, the assignment would lead to the creation of an “int”
variable. .

(2) Augmented Assignment Statement : You can combine arithmetic
operators in assignments to form an augmented assignment statement.

Check out the below examples for augmented assignment statement.
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Z ._." V__
The above statement is a shorthand for the below simple statement.
X=Xty

Next one is a bit clearer example where we are mv_uns&sm new elements

to the tple.
>>>my_tuple = (10, 20, 30)
>>>my_tuple += (40, 50,)
>>> print(my_tuple)
(10, 20, 30, 40, 50)

Next example is using a list of vowels. It is demonstrating the addition

of missing vowels to the list.
>>> list_vowels = [‘a’,'e’,'i’]
>>> list_vowels += [‘0’, ‘u’,]
>>> print(list_vowels)
[‘a’.*e’, 'I’, ‘o’, "u’]

(3) Multi-line Statement in Python : Usually, every Python statement
ends with a newline character. However, we can extend it over to multiple lines
using the line continuation character (\). And Python gives us two ways to
enable multi-line statements in a program.

(i) Explicit line continuation : When you right away use the line con-
tinuation character (\) to split a statement into multiple lines,

Example

# Initializing a list using the multi-line statement

>>>my list = [I,\

wis By 3

SR

s |

>>> print(my_list)
< [1,2,3,4,5]

# Evalulate an expression using a multi-line statement

>>>eval (\ .
s T 2,50

A

.. 3.57)

6.0

(ii) Implicit line continuation : Implicit line continuation is when you
split a statement using either of parentheses (), brackets [ ] and braces { }. You
need to enclose the target statement using the mentioned construct.
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| Bitwise OR X|y= 140000 1110) ™~
= Bitwise NOT ~x=-11(lL1rolon

A Bitwise XOR © XAy =14(0000 1110)

>> Bitwise right shift X>>2 =2 (0000 0010)

<< Bitwise left shift X<<2 =40 (0010 1000)

Tﬁ)ﬁw:sa:.%ag_c;">mmmm_==m=~ouﬂ.m8~mN:m:mma_: Pyth
assign values to variables. Ontg

mum;mm:_ﬁ_ommwmm-__zn_:onmqm,o:__u;mmmmzmz_m<m_=am o_::m.
) the variable a on the left. Tighy

There are various compound operators in Python like a +=5 ¢
*ie variable and later assigns the same. It is equivalenttoa=a + 5.

Assignment operators in Python

hat adds

Operator Example Equivatent to
= ) S XxX=35

= X+=5 X=x+35
= X-=5 X=x-5
*= X*=35 =x*5
/= X/=5 X=x/35
%= Xx%=35 Xx=x%5
If= X /=5 Xx=x/5
= X ¥*=35 X=X **5
&= x&=35 X=x&35
= x[=5 ; X=x|5
= x"=35 X=x"5
>>= x>>=5 X=Xx>>5
<<= X <<=5 X=Xx<<S§

(6) Special operators : Python language offers some special type of
operators like the identity operator or the membership operator. They are as
follows :-

(i) Identity operators : ‘is’ and ‘is not’ are the identity operators in
Python. They are used to check if two values (or variables) are located on the

same part of the memory. Two variables that are equal does not imply that they
are identical.

Identity operators in Python

Operator  Meaning Example

is True if the operands are X is True
identical (refer to the same object)
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(ot True if the operands are not x is not True
is

identical (do not refer to the same object)

\.\Aﬂﬂyﬂ:wnwuiv operators : ‘in ‘and’ not in’ are the membership op-
ors in Python. They are used to test whether a value or variable is found in

qumﬁ_cm:no (string, list, tuple, set and dictionary).
[n a dictionary we can only test for presence of key, not the value.
operator Meaning Example
o True if value/variable is 5inx
found in the sequence
~pot in True if value/variable is not 5 not in x

found in the sequence

Q.10 Write about Flow of Execution in Python.

Ans. In order to ensure that a function is defined before its first use, you have
(0 know the order in which statements are executed, which is called the flow of
execution.

Execution always begins at the first statement of the program. State-
ments are executed one at a time, in order from top to bottom. .

‘Function definitions” do not alter the flow of execution of the program,
but remember that statements inside the function are not executed until the func-
tion is called.

A function call is like a detour in the flow of execution. Instead of going
to the next statement, the flow jumps to the body of the function, executes all
the statements there, and then comes back to pick up where it left off.

That sounds simple enough, until you remember that one function can
call another. While in the middle of one function, the program might have to
execute the statements in another function. But while executing that new func-
tion, the program might have to execute yet another function!

Fortunately, Python is good at keeping track of where it is, so each time
a function completes, the program picks up where it left off in the function that
called it. When it gets to the end of the program, it terminates.

When you read a program, you don’t always want to read from top to

bottom. Sometimes it makes more sense if you follow the flow of execution.
Q.11 Write about Input and Output Statements in Python.
Ans. A Program needs to interact with the user to accomplish the desired task;
this is done using Input-Output facility. Input means the data entered by the
user of the program. In python, we have input() and raw_input ( ) function
available for Input.
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sratoaond( s)

If the Bookaa eypression cvaluates TRUE, then the blogk of
statomond 1) Imside the i SEatIRm 18 evecutad. 1 bovkean expression ey luageg
v FALSE. then the first st of code after the end of the if statement(s) i e

wead.

Example:
=10
W
pongA is Greawer than 97)
Output: A & Greawer than 9
Alternative Hi{lf-Else)
An ol statement can be combined with an if satemeal. An else stage.
ment contins the hlock of code (false block) that executes if the conditiong]
Sxpression in the if statement resohves to 0 or 3 FALSE value.

The else starcroent is an optional statement and there could be at mog print var
onh ome el statement following if. elif var == 100:
Svatax: print 3 -Got a true expression value™
if expression: print var
stasemeni(s) else:
o, print ~4 -Got a false expression value™
Statement(s) print var
Example - print “Good bye!™
== Output:
=20 3 -Got a true expression value
if 2>b: 100
print("A is Greater than B") Good bye!
else: Nested Conditionals
peint(~B is Greater than A™) One conditional can also be nested within another.
Output
B is Greater than A Syetem:
Chained Conditional If: (If-Elif-Else) it expression|:
) state S
The elif statement allows us to check multiple expressions for TRUE m.wﬁ:ﬁ::&

l._n execute a block oan.xw as soon asone of the conditions evaluates to TRUE
Samilar 1o the else, the elif statement is optional. However, unlike else, for which

there can be at most one statement. there can be itrary F ol
following an if. an arbitrary number of elif

gNB 20 Question

AP
Syntax:

if expression|:
statement(s)

elif expression2:
statement(s)

elif expression3:
statement(s)else:
statement(s)

Example:

var = 100

if var == 200:

print *1 -Got a true expression value™
print var

elif var == 150:

print 2 -Got a true expression value™

if expression2:
statement(s)

U--’%PSUF‘;:»—:! ! 29
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Current Letter : o

Current Letter : n

(5) Pass: The pass statement is a null operation: nothing happens

it executes. The pass is also useful in places where your code will eventually
but has not been written yet

hey,
8o,

Example:
for letter in ,,Pvthon™:
if letter == _h™:
pass

print . This is pass block”

print .Current Letter :”, letter

print “Good bye!”

Output:

Current Letter : P

Current Letter : y

Current Letter : t

This is pass block

Current Letter : h

Current Letter : 0

Current Letter : n

Good bye
Q.14 Write about Implementing 'for' Through Range( ) in Python,
Ans. In Python, the ‘range()’ method returns an immutable sequence of nym.
bers. It can be used to control the repetition of a block in the for loop.

Syntax:

range([start], stop, [step])

All three parameters should be integers. The sequence starts with (. by
default, unless the [start] parameter is provided. The only mandatory parameter
for the above function is stop. The last number in the sequence is the number
before stop. The numbers in between are incremented with the [step] value,
which is | by default.

range(5) will generate 0,1,2,3 .4

range(1,10) will generate 1,2,3,4,5,6,7,8,9

range(10,21,2) will generate 10,12,14,16,18,20

We can run the for loop over a range to print each number in a given
range.

Example: for loop with range()

B. Sc. - Third v,
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x=range(5)

for num in x:
print(num)

Qutput :
0

1
2
-

J

4
The “range()’ function can also be used directly with the for loop.
Example: for loop with range()

for num in range(5):

print(num)
Q.15 Write about 'in' and .__3_ in' Operators for Sequence Traversal in
Python.
ans. Python Membership and Identity Operators

: Identity operators are used to verify if two variables point to the same
memory location or not. Identity operators are of two types:

(1) isand

(2) isnot.

The membership operators are used to validale the membership of a
value. These operators are used to find out whether a value is a member of a
sequence such as string or list. Membership operators are of two types:

(1) inand

(2) notin.

Python’s membership operators test for membership in a sequence. such
as strings. lists. or tuples. There are two membership operators as explained
below -

Operator  Description Example

in Evaluates to true if it X in y. here "in' results in
finds a variable in the a 1 if x i1s a member of
specified sequence sequence y.
and false otherwise.

not in Evaluates to true if it x not in y, here ‘not in'

results ina | if x is not
a member of sequence

does not finds a
variable in the
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specified sequence y.
and false othenwise.

(1) in operator : The ‘in® operator is used to check ifa v
soquence or not. I it exists in the sequence then it will return a
return a false. Following are two examples that show how this
used. The first example tries to check if a value exists in a list
example tries to find out if a value exists in a string.

alue exjgys in

true else it E_m“
Operator ¢q), be
and the Secong

Exp. 1.
, Istl = [*Ajay", *Bobby’, *Ashok", ‘Vijay’, “Anil’, “Rahuyl|" "Aley
*Chnistopher’] X
ir"Ajay’ in Istl: print(‘Name Ajay exists in Istl")
Exp. 2
if )" in

“Ajay’: print(“letter j" exists in name *Ajay’ ")
else: print (“letter *j* does not exists in name ‘Ajay’ ™)
if*m” in *Ajay’: prini(“letter *m’ exists in name ‘Ajay’ ™)
else: print (“letter *‘m’ does not exists in name ‘Ajay’ ™)
(2) not in operator : The *not in’ operator is the opposite of *
tor. So. if a value does not exists in the sequence then it will return a ¢

will return a false. Following are two examples that show how this o
be used. The first example shows how
the second example deals with string.
Exp. 1

n’ O—umﬂm-
rue else j;

; perator cap
this operator can be used with a |js; and

Istl = [*Ajay’, ‘Bobby’, *Ashok’, *Vijay’, ‘Anil’, ‘Rahul’.
*Chnistopher’]

i "Raghav’ not in Istl: print (‘Name Raghav does not exists in 1s] )

“Alex’,

Exp. 2
if J" not in ‘Ajay’: print (“letter ‘j’ does not exists in name “Ajay’ ™)
else: print (“letter *j” exists in name ‘Ajay’ ™)
if ‘m’ not in *Ajay’: print(“letter ‘m’ does not exists in name ‘Ajay’ )
else: print (“letter ‘m’ exists in name ‘Ajay’ ™)

Q.16 Write about Creating and Executing .py Scripts in Python.

Ans. A Python script normally can be full of functions that can be imported as

a library of functions in other scripts, or a python script can be a command that
runs in Rhino.

There is a way to have Python definitions to be both a library of func-
tions and a direct command.

The key is to add these statements to the end of the file:
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\ =" 1 t.

i mame_ == '_main_" o

~ CreateCircle() # Put the a call to the main function in the file.

it works .
HowW when the Python interpreter reads a source file, it executes all of the
code found in It

Before executing the code, it will define a few m_..x".ni_ variables. If Py-
.« running the file as the main program then Python will create a__name__
i _m_.‘ﬁ”i% the value of main. If python is importing the file as an import into
u_aw% running main, the __name__ variable will be set to the module’s
an in the modules scope. .
name One of the reasons for doing this s that sometimes you write a module (2
le) where it can be executed directly. Alternatively. it can also be imported
P 0 ia in another module. By doing the main check, you can have that code
i _ﬂ:o when you want to run the module as a program and not have it
oﬁwﬁmaﬂ:m: someone just wants to import your module and call your func-
mw_dm themselves. )
Execute a Python script
We start a Python interactive shell in a terminal with the command “py-
(hon”. 1t might be necessary to use “python3” to get a Python3 shell:
$ python3
(base) bernd@moon:~$ python
Python 3.7.1 (default, Dec 14 2018, 19:28:38)
[GCC 7.3.0] :: Anaconda. Inc. on linux

Type “help™, “copyright”, “credits™ or “license™ for more information.
>>> print(“Hello World!™)

Hello World!
>>>

<ﬁ_._m—u

i Module-1I

Q.1  Write about Data Structures in Python.
Ans. Data structures are basically just that - they are structures which can
hold some data together. In other words, they are used to store a collection of
related data.

There are four built-in data structures in Python - list. tuple. dictionary
and set.

There are quite a few data structures available. The builtins data struc-
tures are: lists, tuples, dictionaries, strings, sets and frozensets.
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Lists, strings and tuples are ordered sequences ol obje
that contain only characters, hist and tuples can contain m:z type
Lists and tuples are like amrays. Tuples like strings are ::Ecs__uu_o of
mutables so they can be extended or reduced at will. Sets are Mmutab| y
sequence of unique clements whereas frozensets cu

Lists are enclosed in brackets:
1=[12."27}

Tuples are enclosed in parentheses:
t=(12,"a")

Tuples are faster and consume less memory.

Cts. Unlike

Dictionaries are built with carly brackets:

d={"a":1."b":2}
Q.2 Write about Lists in Python.
Ans. Lists in Python are used to store collection of heterog
These are mutable, which means that you can change their ¢
changing their identity. You can recognize lists by their square
that hold elements, separated by a comma( ,). Lists are built
do not need to invoke them separately.

x =[] # Empty list

type(x)

list

xI =[1,2,3]

type(x1)

list

x2 = list([1, *apple’, 3])

type(x2)

list

print(x2[1])

apple

x2[1] = ‘orange’

print(x2)

[1, ‘orange’, 3]

Note: like you have seen in the above example with x1. lists can also

hold homogeneous items and hence satisfying the storage functionality of an

array. This is fine unless you want to apply some specific operations to this
collection.

€neoys item
Ontent S:ro;
bracketg [ ang|
nto _uﬁ:o:“ Yin

®bjeq
_,.._w.w. a ing nev
% n i c
are immutable sets cao; Jist are
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\\\\mq\a‘alnm many methods 1o manipulate and work with lists. Add-

python . . . ) . .
i w?.:a 1o a list, removing some items from a list, sorting or reversing a

common list manipulations.
list.append(x)

Add an item [0 the end of the list. Equivalent to a[len (a) : ] = [x].
The m_uum:n.c method adds m: item to the end of the list. The append()

hod adds single :2.: to the existing list. It doesn’t return a new list: rather
_.__n_ ,ﬁ_:._mm the original list.
it me The syntax of append() method is:

list.append(item)

append() Parameters : The append() method takes a single item and

dds it to the end of the list. The item can be numbers. strings, another list.
a -

dictionary €te.
Return Value from append() : The append() method only modifies the
ivinal list. It doesn’t return any value.

list.extend(iterable)

Extend the list by appending all the items from the iterable. Equivalent
1o a[len(a):] = iterable.

The extend() extends the list by adding all items of a list (passed as an
E.m:_zmzs to the end.

The syntax of extend() method is:

list] .extend(list2)
Here, the elements of *1ist2” are added to the end of “list!”.

extend() Parameters : The extend() method takes a single argument (a
list) and adds it to the end.

If you need to add elements of other native datatypes (like tuple and set)
to the list, you can simply use:

# add elements of a tuple to list
list.extend(list(tuple_type))

or even easier
list.extend(tuple_type)

or

Return Value from extend() : The extend() method only modifies the
original list. It doesn’t return any value.

list.insert(i, x)

Insert an item at a given position. The first argument is the index of the
element before which to insert, so a. insert(0, X) inserts at the front of the list,
and a. insert(len(a), x) is equivalent to a. append(x).
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d <¢.

The insert() method inserts an clement to the list at a given I
syntax of insert() method is X

list.insert(index, element)

insert() Parameters : The insert() function takes two Parame,
(i)  index - position where an clement needs to be inserted
(i)  element - this is the element to be inserted in the list

Return Value from insert() : dﬁ insert() method only fhe
ment to the list. It doesn't return anything; returns ‘None’,

list. index(x[, start[, end]])

Return zero-based index in the list of the first item whoge v
10 x. Raises a *ValueError’ if there is no such item.

The optional arguments ‘start’ and ‘end’ are intcrpreteq oy
notation and are used to limit the wmm_,.n: to a particular m:@mmn:a:na_ n th
The returned index is computed relative to the beginning of the mc__oj
rather than the ‘start’ argument. mnacnap

The index() method searches an element in the list and return

O—.m..
alue jg eqy
i

¢ .w:n,
he li

In simple terms, index() method finds the given elemen : s :w.:aﬁ
returns its position. N a |jg an
However, if the same element is present more than once ind
returns its smallest/first position. » AEX() ety

Note: Index in Python starts from 0 not 1.
The syntax of index() method for list is:
list. index(element)
index() Parameters : The index method takes a singje areumen.
(1) element - element that is to be searched. S
Return §=._n from index() 1 The index() method returns the j
the element in the list. € index g
If not found, it raises a *ValueError’ exception indicati
not in the list. prion indicating the elemen
list. remove(x)
Remove the first item from the list whose value is equal to x
“ValueError” if there is no such item. ’
The remove() method searches for the given element in the list and re-
moves the first matching element. 5
The syntax of remove() method is:
list.remove(element)

remove() Parameters : ‘The remove() method takes a single element s
an argument and removes it from the list.

It raises;

F\\\\!
lement(argument) passed to the remove() method doesn’t exist,

«yalucErmor

m?n:

inde
square b
is optional,

_:m:dom als

and removes

ummmoa, t
item.
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If the ¢ ar|
exception is thrown.

Return Value from remove() : The remove() method only removes the

element from the list. It doesn’t return any value.
list.popl([il)

pemoves the item at the given position in the list, and returns it. If no
< is specified, a.pop() removes and returns the last item in the list. The
e brackets around the i in the method signature denote that the parameter
not that you should type square brackets at that position.
The pop() method removes the item at the given index from the list. The
o returns the removed item.
The syntax of the pop() method is:

list.pop(index) .

pop() parameter : The pop() method takes a single argument (index)
the item present at that index.

If the index passed to the pop() method is not in range. it throws

IndexError: pop index. out of range “exception”.

The parameter passed to the pop() method is optional. If no parameter is
he default “index -1 is passed as an argument which returns the last

Return Value from pop() : The pop() method returns the item present

at the given index. This item will be removed the list.

list.count(x)
Return the number of times x appears in the list.
The count() method returns the number of occurrences of an element in

a list.

[n simple terms, count() method counts how many times an element has

occurred in a list and returns it.

The syntax of count() method is:

list.count(element)
count() Parameters : The count() method takes a single argument:
(1) element - element whose count is to be found.

Return value from count() : The count() method returns the number of

occurrences of an element in a list.

list.sort(key=None, reverse=False)

Sort the items of the list in place (the arguments can be used for sort

customization.
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The sort() method sorts the elements of a given list. }

The sort() method sorts the elements of a given list in a spe
Ascending or Descending. '
The syntax of sort() method is:
list.sort(key=.... reverse=...)
Alternatively. you can also use Python’s in-built function ‘sorte
the same purpose. 40" o,
sorted(list, key=.... reverse=...)
Note : Simplest difference between sort() and sorted() is: 56
return any value while, sorted() returns an iterable list.
sort() Parameters : By default, sort() doesn’t require any extra

Cific Orde,

3: aomm:._

_um_.mg.

eters. However, it has two optional parameters:
(i)  reverse - If true, the sorted list is reversed (or sorted i D
order) . escendip,

(i) key - function that serves as a key for the sort comparison
_.nn:.:_ value Ei sort() : sort() method doesn’t retyry
Rather. it changes the original list. any vajye
If you want the original list, use sorted().
list.reverse()
Reverse z_n.n_m:_n.:_m of the list in place. The reverse() met
the elements of a given list.
The syntax of reverse() method is:
list.reverse()
reverse() parameter : The reverse() function doesn’t take any ,
rgu-

hod reverse

ment.

Return Value from reverse() : The reverse() function d
any value. It only reverses the elements and updates the list °

list.slicing()
The slice() constructor creates a slice object re i
. present s

specified by range(start, stop, step). DELER 5eRg

The slice object is used to slice a given sequence (string
or range) or any object which supports sequence Eo_om
__getitem__() and __len__() method).

Slice object represents the indices specified by range(start, sto

The syntax of slice() are: P

esn’t retym

findices

bytes, tuple, list
ol (implements

step).

slice(stop)
slice(start, stop, step)

20 question Data Analysis & Visu. with Python [/ -41

parameters : slice() mainly takes three parameters which have

ice()
M meaning in both constructs:
an , . o %
(he 52 p start : starting integer where the slicing of the object starts
(ii) stop integer until which the slicing takes place. The slicing stops at
= il
. 1oy SIOP i 5 . 5
inde (iii) Step integer value which determines the increment between each
dex for slicing If a single parameter is passed. “start” and "slep’ are set to
ind¢
ZQ_.—N. —. —. . _ X . - g -
Return yalue from slice() : slice() returns a slice object used to slice a
equence in the given indices.
8 List Comprehension
List comprehensions provide us with a simple way to create a list based
o some iterable. During the creation, elements from the iterable can be
0 Juded in the new list and transformed as needed.

82::95:« inc .
The components of a list comprehension are:

Q) Output Expression (Optional)
(i) [terable . .
(i) Iterator variable which represents the members of the iterable
We can also creale more advanced list comprehensions which include a
conditional statement on the iterable. )
List Comprehensions vs loops : The list comprehensions are more effi-
cient both computationally and in terms of coding space and time than a for

loop: Typically, they are written in a single line of code.
Copying a List : Deep Copy and Shallow copy

Assignment statements in Python do not copy objects, they create bind-
ings between a target and an object. For collections that are mutable or contain

mutable items, a COpY 15 sometimes needed so one can change one copy without

changing the other. This module provides generic shallow and deep copy op-

erations.
Interface summary: .
copy.copy(x)
Return a shallow copy of x.
copy.deepcopy(x)
Return a deep copy of x.
exception copy.error
Raised for module specific errors.
Deep copy is a process in which the copying process occurs recursively.
It means first constructing a new collection object and then recursively populat-
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Thirg v
ing it with copies of the child objects found in the original. In case of de |
a copy of object is copied in other object. It means that any n:wzmcw o
copy of object do not reflect in the original object. In python, ::m:.,
mented using “deepcopy()” function. :
A shallow copy means constructing a new collection object
populating it with references to the child objects found in the or
copying process does not recurse and therefore won't create copies
objects themselves. In case of shallow copy, a reference of objecy
other object. It means that any changes made to a copy of object do
original object. In python, this is implemented using “copy()” func
The difference between shallow and deep copying is only re|
compound objects (objects that contain other objects, like lists or o_m.mmmm Cvan,
(i) Ashallow copy constructs a new compound object and then (¢, “__2
possible) inserts references into it to the objects found in the e EXley
(i) A deep copy constructs a new compound object and then qmo:.m_._s_.
inserts copies into it of the objects found in the original, ' Em_ﬁ.:_
Two problems often exist with deep copy operations that dop:
with shallow copy operations: PN exjg
(i)  Recursive objects (compound objects that, directly or indirecy|
a reference to themselves) may cause a recursive loop.
(i)  Because deep copy copies may copy everything too much such
which is intended to be shared between copies. ' as dayy
The deepcopy() function avoids these problems by:
(i)  keepinga“memo” dictionary of objects already copied durine the
copying pass; and ST
(ii)  letting user-defined classes override the copying operation or (j,
components copied. .
Q.3 Write about Tuples in Python.
Ans. A tuple is a data structure that is an immutable, or unchangeap|
dered sequence of elements. Because tuples are immutable, their <m_a_,_ oo
be modified. oS eaniy

A tuple in Python looks like this:

~ ang

iging). _H__”
o the g
'S Copjey !
O,Dno_w _: _L,
:O:. It

mﬂ_nn&

Y, no_:u;

ﬂ::.ﬂ:

set of

coral = (‘blue coral’, ‘staghorn coral’, “pillar coral’, *elkh
coral’) ’ am

Tuples are used for grouping data. Each elem i

: ; ent or value that is insj

of a tuple is called an item. - I
Tuples have values between parentheses ( ) separated by commas Empty

Eu.__am will appear as coral = (), but tuples with even one value must use a comma
as in coral = (‘blue coral’,).
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\:n wple above, we'll receive the following output, with the

[fwe print()t
d by parentheses:
_uq_::noqm:
QOutput
(‘blue coral’, “staghorn coral’, ‘pillar coral’, ‘elkhorn coral’)
When thinking about Python tuples and other dala structures that are
of collections, itis useful to consider all the different collections you have
types ¢ computer: your assortment of files, your song playlists, your browser

oc . . . .
m”%r:é}m, your emails. H_ano__mn:o:o?amom«oznmsmnnnmmosmm—qmma_nm
service. and more.

Tuples are similar to lists, but their values can’t be modified. Because of

this. when you use tuples in your code, you are conveying to others that you
don’t intend for there to be changes to that sequence of values.

Additionally, because the values do not change, your code can be
d through the use of tuples in Python, as the code will be slightly faster

wple still tYP°

optimize !
for tuples than for lists.
Indexing Tuples

As an ordered sequence of elements, each item in a tuple can be called
individually, through indexing. Each item corresponds to an index number.
which is an integer value, starting with the index number 0. For the “coral’
tuple. the index breakdown looks like this:

‘blue coral’ ‘staghorn coral’
0 | 2 3

The first item, the string ‘blue coral’ starts at index 0, and the list ends at
index 4 with the item *elkhorn coral’.

Because each item in a Python tuple has a corresponding index number.
we're able to access items.

Now we can call a discrete item of the tuple by referring to its index

‘pillar coral’ ‘elkhorn coral’

number:
print(coral[2])
Output
pillar coral

The index numbers for this tuple range from 0-3. as shown in the table

below. So to call any of the items individually, we would refer to the index

numbers like this:
coral[0]
coral[1]
coral[2]

*blue coral’

*staghorn coral’ bl

“pillar coral’
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coral[3] = ‘elkhormn coral’
If we call the tuple *coral” with an index number of any (|
than 3. it will be out of range as 1t will not be valid:
print(coral[22])
Output
IndexError: tuple index out of range
In addition to positive index numbers, we can also access
tuple with a negative index number, by counting backwards from
tuple, starting at -1. This is especially useful if we have a |on

want to pinpoint an item towards the end of a tuple. & luple 5
For the same tuple “coral’, the negative index breakdown loo
‘blue coral’  ‘staghorn coral’ ‘pillar coral’ ‘elkhorn "
4 -3 ) ora)

, So, if we would like to .!.:: out the item *blue coral’ by cwm:m,m“m

index number. we can do so like this: Neg
print(coral[-4])

Output : ,

blue coral

operator:
print(* This reef is made up of® + coral[1])
Qutput :
This reef is made up of staghorn coral

We were able to concatenate the string item at index nump
string “This reef is made up of *. We can also use the + operator to

conca
2 or more tuples together. tenate

With index numbers that correspond to items within a ty
to access each item of a tuple discretely.

Python Tuple count()

a tuple.
In simple terms, count() method searches the given ele
and returns how many times the element has occurred in it.
The syntax of count() method is:
tuple.count(element)

count() Parameters : The count() method takes a single parameter:

(1) element : element whose count is to be found

B. Sc. - .—.—-mﬂﬂ-

T v,

:agw 3.
the g

ks like this

We can concatenale string items in a tuple with other strings ys;
5 Ng the 4
o e +

er 0 with the
ple, we're apje

The count() method returns the number of occurrences of an element iy

ment in a tuple
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urn value from count() : count() method returns the number of oc-
given clement in the tuple.
Tuples Usage
-y Tuples are used for grouping data : We could group together pairs
W :-.u_:c::&:m with parentheses. A tuple can be used to group any
of values ._u.w Em into a single compound value. Syntactically. a tuple is a comma-
(ed sequence of values. Although it is not necessary, it is conventional to
separd quples in parentheses: )
n:n_%nvvv julia = (*Julia”, “Roberts”, 1967, *Duplicity”, 2009, “Actress .
rgia”
.,Z_m:m‘_.,.:m_ww mma __vmmE,_ for representing what o__.z.wq languages often call records
Jated information that belongs together, like your student record. There
S tion of what each of these fields means. but we can guess. A tuple
is 10 ﬁ_mmn_m__ﬂx: together related information and use it as a single thing.
fets 2 %:n_mm support the same sequence operations as strings. The index op-
s an element from a tuple.

Ret
:ur.m O_s d

n__:.c_

erator selects & FE
>>> julia[2]

1967
But if we try to use item assignment to modify one of the elements of the
we get an error:

8>> julia[0] = X"
TypeError: ‘tuple’ object does not support item assignment.
So like strings, tuples are immutable. Once Python has created a tuple in
memory. it cannot be changed:

Of course, even if we can’t modify the elements of a tuple. we can al-
ways make a new tuple holding a_.ﬂm_.ma information. To no:.m:,.cﬁ the new
tuple. it is convenient that we can slice parts of the o_a.:_n__n and join up the bits
10 make the new tuple. So if “julia” has a new recent film, we could change her
variable to reference a new tuple that used some information from the old one:

>>> julia = julia[:3] + (“Eat Pray Love™. 2010) :.:_mm._m“_

>>> julia

(“Julia”, “Roberts™, 1967, “Eat Pray Love™, 2010, “Ac-
tress”, “Atlanta, Georgia™)

To create a tuple with a single element, we have to include the final
comma. because without the final comma, Python treats the (5) below as an
integer in parentheses:

>>> tup = (5,)
>>> type (tup)

tuple,
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<class “tuple’>
>>x=(5)
>>> agfw
<class “int™> .
Use of Tuples as a Swap Functiop
Tuple can be used as swap function. Once in a while,
he values of two variables.
This code reverses the contents of 2 variables x and y:
>>> (X y) = (. X)
Consider the following function:
def swap (a. b):
(b,a)=(a,b)

B. Sc. - Thirg

then:

Wi b

a=
G =
swap (a, b)
#ais still 2 and b still 3 !! a and b are indeed passed by valye
ence. N0 refe,,
With conventional assignment statements, we have to
variable. For example, to swap a and b:
>>>temp=a
>>>a=b
>>>b = temp
|f we have to do this often, this approach becomes Ccumbersom
provides a form of ‘tuple assignment’ that solves this problem :mm:g.n. Python
>>>a b=b,a , '
The left side is a tuple of variables; the right side is a 1
Each value is assigned to its respective variable. All the expressio
side are evaluated before any of the assignments, This feature m
signment quile versatile.
Naturally, the number of variables on the left and the num
on the right have to be the same:
>>>a b,c,d=1,2,3
ValueError: unpack tuple of wrong size
Q.4 Write about Dictionary in Python.
Ans. A dictionary object is an unordered collection of data in

form. A collection of such pairs is enclosed in curly bracket
{1:#Steve™, 2:Bill”, 3:“Ram”, 4: “Farha”}

Se a —05
uoSG

U_m of <m._=mm.
ns on the right
akes :.__u_m as-

ber of valyes

a key:value pair
s. For example:

Yoo,

U

: mm Cmﬂ—;
ul o
Sw,
4P

—

0 Question Data Analysis & Visu. with Python | 47

BB 2
\\.\n\ﬁ:ﬂu_m type built into Python is the dictionary. Dictionaries

Another us i s o
{mes found in other languages as “associative memories” or “associative

ike sequences, which are indexed by a range of numbers, dictionaries
még by keys. which can be any ,53:_%_,.“ type: strings and ::3,@3
are ,v_m be keys. Tuples can be used as keys if they contain only strings,
- if a tuple contains any mutable object either directly or
annot be used as a key. You can’t use lists as keys. since lists can
%.m& in place using index assignments. slice assignments. or methods
) and extend().
vv;:o:.m dictionaries are kind of hash - table type. They work like
e arrays or hashes found in Perl and consist of key - value pairs. A
.n_u: key can be almost any Python type, but are usually numbers or strings.
n_.n:oamww the other hand, can be any arbitrary Python object.
<m_cnm.= is best to think of a dictionary as a set of key: value pairs, with the
irement that the keys are unique (within one dictionary). A pair of braces
an empty dictionary: {}. Placing a comma-separated list of key:value
rs within the braces adds initial key:value pairs to the dictionary: this is also
mwm_ way dictionaries are written on output.
The main operations on a dictionary are storing a value with some key
and extracting the value given the key. It is also possible to delete a key:value
air with del. If you store using a key that is already in use, the old value associated
ﬂ:: that key is forgotien. It is an error to extract a value using a non-existent

be mO!
jike append(

asso!

requ
creates

ke performing list(d) on a dictionary returns a list of all the keys used in the
dictionary. in insertion order (if you want it sorted. just use sorted(d) instead).
To check whether a single key is in the dictionary. use the ‘in’ keyword. .
The dict() constructor builds dictionaries directly from sequences of key-
value pairs:
>>> dict([(*sape’, 4139), (‘guido’, 4127), (‘jack’, 4098)])
1"sape’: 4139, "guido’: 4127, ‘jack’: 4098}
[n addition, dict comprehensions can be used to create dictionaries from
arbitrary key and value expressions:
>>> {x: x**2 for x in (2, 4, 6)}
12:4,4: 16, 6: 36}
When the keys are simple strings, it is sometimes easier to specify pairs
using keyword arguments:
>>> dicl(sape=4139. guido=4127. jack=4098)
{*sape’: 4139, "guido’: 4127, ‘jack™ 4098}
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. dy,
Dictionary : Keys Z E\\\\\‘

: to create a nested dictionary
. . R . _—__ﬂ : How
. S a view ect the ‘L Exal ; I ;
) , qw_z. MJA. ﬁo::i relurns a view object that ..__m:_:.SJ _gc::_r. (1: {*name": *John', age': 27", ‘sex’: ‘Male'}
€Vs In the dichionary

. 2: {‘name’: ‘Marie’, ‘age’: *22°, ‘sex’: *Female'}}
The syntax of keys() is: ) .
g _:_zz_dcc_u_i
p——i : run above program, it will output:
keys() Parameters : The keys() doesn’t take any pParamete When We 7 - ) b SR e v R S BRen
T i ers. . {*name’: John’, ‘age’: ‘27°, ‘sex’: ‘Male'}, 2: {‘name’; “Marie’,
Return Value from keys() : The keys() returns a view ob %

.

e S 3
a listof all the keys. When the dictionary is changed. the view o.__u_.“ﬁn”_”“&m%_mu age’ 22 urw .<n_ n.__.mw_qw:_r“ people” is:a nested dictionary, The insernal dfic-
these changes. uoaza. In the above P -d to ‘people’. Here. both the dicti ; .
) . i ) nd 2 is assigned to ‘people . Here. oth the dictionary have key "name,
Example : How keys() ic..r.u... tionary __ m“<:: different values. Now, we print the result of ‘people’.
person = {*name’: ‘Phill’, ‘age’: 22, ‘salary’: umco.ov age. S¢¥ ess elements of a Nested Dictionary : To access element of a nested
print(person.keys()) ) >nn,<n use indexing [ ] syntax in Python.
empty_dict = {} &n:o:mmw.r . Access the elements using the || syntax
print(empty_dict.keys()) oc._n = {1: {'name’: *John’, ‘age’: *27", *sex’: “Male'}.
When you run the program, the output will be: pacy 2: {*name’; ‘Marie’, ‘age’: *22°, ‘sex’: ‘Female’}}
dict_keys(['name’, “salary’, ‘age’]) print(people[1]['name’])
dict_keys() print(people[ 1]['age’])
Dictionary : values . print(people[ 1][*sex’])
The values() method returns a view object that &%_uwm I When we run above program, it will output: i
values in the dictionary. g 3 list of 4y thy John
The method values() returns a list of all the values available ; . 27
dictionary. N @ give, Male
Syatax : Following is the syntax for values() method- In the above program, we print the value of key ‘name’ using i.e.
dict.values() ‘peoplel | 1[*name’]" from internal dictionary 1. Similarly, we print the value of

values() Parameters : The values() method doesn’ ‘age’ and "sex’ ane by one.
doesn’t take any paryy, >Mn_ element to a Nested Dictionary

Exp : Add elements in a nested dictionary
people = {1: {"name’: ‘John’, “age’: *27, ‘sex’: ‘Male’},

elers.

Return Value : This method returns a list of all the valy

i icti s available
given dictionary. , ble in g

Nested Umnﬁmﬂ-..m-.< 2: ",:m._:m_“ ‘Marie’, ‘age’: 22", ‘sex’: ‘Female’}}
In Python, a nested dictionary is a dictionary inside a dici people[3] =
ctio . i, 0 o i
collection of dictionaries into one single dictionary. ey Wag people[3]['name’] = “Luna
nested_dict = { “dictA’: {‘key_1: ‘value |°}, , _umo_u__mwwmm@,w = ,M.A .
‘dictB’: {*key_2': ‘value 2'}} people[3]['sex’] = ‘Female
Here, the ‘nested_dict’ is a nested dictiona people[3]['married’] = *No

. ry with the dictionary *dicta’ .
and ‘dictB’. They are two dictionary each having own key and <m_:m_”< et | print(people[3])

Create a Nested Dictionary : We're When we run above program, it will output:
ple within a dictionary. {*name’: *Luna’, ‘age™: *24°, *sex”: ‘Female’, ‘married": ‘No'}

going to create dictionary of peo-
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- .-.3_-.2 Y
& %
In the above program, we create an cmpty dictionary 3 inside t
¢ a_
It

tionary “people’. o
Then, we add the ‘key:value' pair i.e .unov_nB:.zuEn__ .

side the dictionary 3. Similarly, we do this for key “age, sex and _:m__wpsa: N
by one. When we print the people[3], we get ‘key:value' pairs o_.n_,n:_cna. 0
Deleting clements from a Nested Dictionary : In vS_..oP we y :mf
statement to delete clements from nested dictionary. Se ..na_,
Exp : Deleting elements from a nested dictionary
2: {*name’: ‘Marie’, “age™ *22°, ‘sex’: ‘Female’},
3: {*name’: ‘Luna’, "age’: ‘24°, ‘sex’: ‘Female’, ‘marrieq’. Na:
4: {*name’: ‘Peter’, “age’: ‘29, ‘sex": ‘Male’, ‘marrieq’: ‘Ye .o 1
del people[3][*married’] sH

del people[4][*married’]
print(people[3]) .
print(people[4])

When we run above program, it will output:

{'name’: "Luna’, ‘age’: ‘24’, ‘sex’: ‘Female’}
{'name’: ‘Peter’, ‘age’: ‘29°, ‘sex’: ‘Male’}

In the above program, we delete the ‘key:value’ pairs of “Marrieq’
internal dictionary 3 and 4. Then, we print the ‘people[3] *and’
confirm changes.

Exp : Deleting dictionary from a nested dictionary

people = {1: {‘name’: “John’, ‘age’: 27’ ‘sex’: ‘Male’},

2: {‘name’: ‘Marie’, ‘age’: 22, ‘sex’: ‘Female’},

3: {*name’: ‘Luna’, ‘age’: ‘24’, ‘sex’: ‘Female’},

4: {‘name’: ‘Peter’, ‘age’: ‘29", ‘sex’: ‘Male’}}
del people[3], people[4]

print(people)

When we run above program, it will output:

{1: {'name’: *John’, ‘age’: 27", ‘sex™ ‘Male’}, 2: {‘name": ‘Marj¢’
"age™: *22°, ‘sex’: ‘Female’}} ,

In the above program, we delete both the internal dictionary 3 ang 4
using ‘del’ from the nested dictionary ‘people’. Then, we print the nested dic.
tionary ‘people’ to confirm changes. -

Iterating Through a Nested, Dictionary : Using the for loops, we can
iterate through each element in a nested dictionary.

Exp : iterating through a Nested dictionary

script.py

from
Peoplefa),
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_unov_n = {1: {*Name': ‘John', ‘Age’: ‘27", ‘Sex": ‘Male’},
2: {*Name': ‘Maric’, ‘Age’: ‘22°, *Sex": ‘Female’}}
for p_id, p_info in people.items():
vl::.;:_un;cz ID:”, p_id)
for key in p_info:
print(key + **, p_info[key])
When we run above program, it will output:
Person ID: 1
Name: John
Age: 27
Sex: Male
Person ID: 2
Name: Marie
Age: 22
Sex: Female
In the above program, the first loop returns all the keys in the nested
dictionary ‘people’. It nosm.mﬂ of :.a IDs ‘p_id’ of each person. We use these
[Ds to unpack the information ‘p_info’ of each person.
The second loop goes through the information of each person. Then, it
returns all of the keys ‘name, age, sex’ of each person’s dictionary.
" Now, we print the key of the person’s information and the value for that
key. ,
Key Points to Remember
1. Nested dictionary is an unordered collection of dictionary
pa Slicing Nested Dictionary is not possible.
We can shrink or grow nested dictionary as need.
Like Dictionary, it also has key and value.
Dictionary is accessed using key.
Dictionary Comprehension
Dictionary comprehension is a method for transforming one dictionary
into another dictionary. During this transformation, items within the original

dictionary can be conditionally included in the new dictionary and each item
can be transformed as needed.

L

A good list comprehension can make your code more expressive and
thus, easier to read.

The way to do dictionary comprehension in Python is to be able to ac-
cess the ‘key’ objects and the ‘value’ objects of a dictionary.
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can use the built-n methods for the same:
dictl = {-ant 1,07 20 S 'd': 4}

# Put all keys of “dictl*ina list and retums the list
dictl keys()
dict_keys(['¢’, d’ Al dD ,

& Put all values saved in “dictl® in a list and returmns the |
dictlvalues()
dict_values({3.4. 1. 2]))

So. now that you know how to access all the keys and their
dictionany. You can also access each key-value pair within a &n:o:m_:am n,
the “items()’ method: ary :m_:m

dictl.items()
dict_items([(*c’, 3). (°d', 4), ("a, 1), (*b, 2)])

This is the general template you can follow for dictionary i
sion in Python: Prep,
dict_variable = {key:value for (key.value) in dicion ary

You

This can serve as the basic and the most simple template, T; ttemg),
more and more complex as you add conditionalities to it. 'S can &
Why Use Dictionary Comprehension? Dictionary compreheps;
= Sio

powerful concept and can be used to substitute ‘for’ loops and ‘lambdy® Nisy
tions. However, not all “for loop’ can be written as a dictionary no_:vaﬂ a_.z,
baxt all “dictionary comprehension’ can be written with a *for loop. ENsiog
QS  Write about Strings in Python.

Ams. In computer programming language, strings are nothing but 3 single g:
mension array of charateers. You can define a string in easy words muu..f_*
quence of characters”. : :

Strings are amongst the most popular types in Python. We ¢ap Creag
them simply by enclosing characters in quotes. Python treats single a:oﬁﬂ__m
same as double quotes. Creating strings is as simple as assigning a valye toa
variable. For example -

varl = ‘Hello World"
var2 = “Python Programming”

Accessing Values in Strings : Python does not support a character type
these are treated as strings of length one, thus also considered a substring. :
. To access substrings, use the square brackets for slicing along with th
index or indices to obtain your substring. For example -

#!usr/bin/python .
varl = ‘Hello World"

ase
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var2 ~ “Python Programming”
print “varl{0]:", varl{0]
print “var2(l :5]:", var2(1:5]
when the above code is executed, it produces the following result -
varl[0]: H
var2[1:5]: ytho
Updating Strings : You can :fu%:m.. an existing string by assigning or
oning a variable to another string. The new value can be related ta its
S le or to a completely different string altogether. For example -
#1/usr/bin/python
varl = ‘Hello World!"
print “Updated String :-" . varl[:6] + *Python’
when the above code is executed, it produces the following result -
Updated String :- Hello Python
Single Line and Multi Line String
In computer programming language. strings are nothing but a single di-
mension array of characters. You can define a string in easy words as “a se-
quence of characters”. In Python, a string can be categorized as
1. A single Line string and
2. A multiline string
To work with Single Line String in Python Programming : In Python
programming language there are multiple ways of handling a string. Among
those the MOst common ways are:
1. Enclose the string in Double Quotes and
2 Enclose the string in Single Quotes

Apart from these two options, Python Interpreter provides us one more
way which is for handling multi-line string.

reassl
previous valu

How Python Interpreter Processes a String? : Whenever Pyvthon in-
ferpreter starts processing a string it looks for a quotation mark, it could either
be a single quote or double quote. The opening quote indicates the starting of
the string and closing quote indicates the end of the string. If either of :ﬂmmm
goes missing then it will raise an alarm which will end up in an error.

When To Use Single or Double Quotes? : In such scenario where you
want to print a string which contains punctuation marks like double quotes A )
then always enclose your string in a pair of single quotes. That way the opening
single quote will indicate the starting of the string and the interpreter will look
for the closing single quote sign, which will indicate the end of your string. Any
punctuation marks that comes in the middle will be bypassed.
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Multiline Strings with Triple Quotes o

While you can use the \n escape character to u:.. a _.Ss_:so into g -
it is often casier to use multiline strings. A multiline string in Python begin ::w
ends with cither three single quotes or three double quotes. Any quotes ..._M ang
newlines in between the “triple quotes™ are considered part of the string, vS_.w_ o
indentation rules for blocks do not apply to lines inside a multiline strin on,

Ordinarily, strings do not extend across multiple lines, causipe mm.
if you try. = ey,

But, starting and ending astring """ or
to cross multiple lines.

Any character other than’ "*(or "™, if that is how the String
allowed inside the string. . :

Example,

>>>s] =""" This

| Computer Science

(NN

tells Python to allow the g,
" Ting

m—.mnmav mm

is a multi-line
string."™™"
>>>s]
“This\nis a multi-line\nstring.’
>>> print sl
This
is a multi-line
string.
>>>
Notice the \n when we ask Python for the value of the string (inst
printing it). This is an ‘escape character’, ead of
Multiline Comments : While the hash character (#) marks the pee:
ning of a comment for the rest of the line, a multiline string is often :wmmmms.
comments that span multiple lines. The following is perfectly valid Python Saw__
"**This is a test Python program. _
Written by Al Sweigart al @inventwithpython.com

This program was designed for Python 3, not Python 2.
def spam():
"""This is a multiline comment to help
explain what the spam() function does."""
print(‘Hello!’)
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Formatter

The built-in string class provides the ability to do complex variable
utions and value formatting via the ‘format()’ method. The ‘Formatter’
the *string’ module allows you to create and customize your own string
g behaviors using the same implementation as the built-in *format()’

substit
class "
.d::m:_:

_.:m:._on_. _
class : string.Formatter

The ‘Formatter” class has the following public methods:

:v*.E.:_s.ﬁc_.:s.lm:.:_m,_.»_.mm,iriu_.n& : format( ) is the primary
APIM ethod. _ﬁ takes m, ﬁ‘oqjm: string and an arbitrary set of vow__._ozm_ and keyword
arguments. ‘format()’ is just a ,.S.mﬁvmq that calls ‘vformat()'.

2) viormat(format_string, args, kwargs) : This function does the actual
k of formatting. It is exposed as a separate function for cases where you
want 10 pass ina H.uqm.,‘._m_,_:na &n.:oq._mQ of arguments, rather than unpacking and
repacking the dictionary as individual arguments using the ‘*args "and’
r#gwargs’ syntax. ‘vformat()’ does the work of breaking up the format string
into character data and replacement fields.

|n addition. the *Formatter’ defines a number of methods that are intended
to be replaced by subclasses:

(n parse(format_string) : Loop over the format_string and return an
iterable of tuples (literal_text, field_name, format_spec, conversion). This is
used by vformat()” to break the string into either literal text. or replacement
fields. .

(2) m&l:&&:n_ﬁ_lzman. args, kwargs) : Given field_name as returned
by parse(), convert it to an object to be formatted. Returns a tuple (obj, used key).
The default version takes strings of the form, such as “0[name]” or *“label.title™.
args and kwargs are as passed in “to vformat()’. The return value used key has
the same meaning as the “key’ parameter to "get_value()'.

(3) get_value(key, args, kwargs) : Retrieve a given field value. The
‘key’ argument will be either an integer or a string. If it is an integer, it represents
the index of the positional argument in args; if it is a string, then it represents a
named argument in “kwargs'.

The *args’ parameter is set to the list of positional arguments to *vformat()",
and the ‘kwargs’ parameter is set to the dictionary of keyword arguments.

For compound field names, these functions are only called for the first
component of the field name; Subsequent components are handled through
normal attribute and indexing operations.

If the index or keyword refers to an item that does not exist, then an
‘IndexError’ or ‘KeyError’ should be raised.

wor
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(4) check_unused_args(used_args, args, kwargs) : __d.__u_n._:c_: Chegy,
for unused arguments if desired. The arguments to this function is the g¢, 2_
argument keys that were actually referred to in the format string Q:Smmz
positional »L.p::.g.w. and strings for named M:mcen.:av_ u:.a areferencg :,u loy
‘args’ and *kwargs" that was passed to ‘viormat’. The mmw of unused args ¢, th,
calculated from these parameters ‘check_unused_args()" is assumed 1 , " by

a)

. als,
exception if the check fails. Cay
(5) format_ficld(value, format_spec) : .@_._:mﬂl_q_m_a:, w::_u_w
the clobal “format()” built-in. The method is provided so that m:cn_mmmmwnm__m
- Cay

overmnde it.
(6) convert_field(value, 3:32.@3 : Converts the value ?2:53
cet_field()) given a conversion type (as in the tuple returned by the s by
method). The default version understands °s™ (str), ‘1" (repr) and < Ammmc.
conversion [ypes. €t
isdigit
The isdigit() method returns True ifall characters in a string are digit
not. it returns False. BNIE
The syntax of isdigit() is |
string.isdigit()
isdigit() Parameters : The isdigit() doesn’t take any parameters,
Return Value from isdigit() : The isdigit() returns:
(i) True if all characters in the string are digits.
(ii)  False if at least one character is not a digit.
Example : Working of isdigit()
s="“282127
print(s.isdigit()) ‘ g
# contains alphabets and spaces
s =“Mo3 nicaG el [22er”
print(s.isdigit())
When you run the program, the output will be:
True
False
A digit is a character that has property value:
(i)  Numeric_Type=Digit
(ii)  Numeric_Type=Decimal
In Python, superscript and subscripts (usually written using unicode) are
also considered digit characters. Hence, if the string contains these characters
along with decimal characters, isdigit() returns True. The roman numerals,
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pcy numerators and fractions (usually written using unicode) are considered
:::2.#. characters but not digits. The isdigit() returns False if the string contains
pul t
these characters.

To check whether a character is numeric character or not, you can use
yumeric() method.

is! .
isalpha

In Python, isalpha() is a built-in method used for string handling.

The isalpha() method returns “True™ if all characters in the string are

alphabets. Otherwise, It returns “False™.
, This function is used to check if the argument contains any alphabets

aracters such as :
ABCDEFGHIUKLMNOPQRSTUVWXY Zabcdefghijklmnopgrstuvwxyz

Syntax : string.isalpha()
parameters: isalpha() does not take any parameters.

ch

Returns :
| True- [t all characters in the string are alphabet. .

2. False- If the string contains | or more non-alphabets.

Errors and Exceptions

l. [t contains no arguments, therefore an error occurs if a parameter is passed.
Both uppercase and lowercase alphabets return “True™.

Space is not considered to be alphabet, therefore it returns “False™.
Application : Givena string in python, count number of alphabets in the
string and print the alphabets.

(3]

el

isalnum

isalnum() function in Python programming language checks whether all
the characters in a given string is alphanumeric or not. The isalnum() method
returns True if all characters in the string are alphanumeric (either alphabets or
numbers). If not, it returns False.

Alphanumeric: A character that is either a letter or a number

Syntax: string_name.isalnum()

string_name is the name of the string

Parameter: isalnum() method takes no parameters

Return Value from isalnum() : The isalnum() returns:
(iy  True: If all the characters are alphanumeric
(i)  False: If one or more characters are not alphanumeric

islower

Python islower is one of the Python String Methods which is used to
check whether the given string has at least one character, and the character is
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cither in Jowercase, or not. If it is lower then the function will retury, B

erwise, it returns False. The method islower() checks whether all the nmmaca oy,
characters (letters) of the string are lowercase. .aﬁg
Syntax : Following is the syntax for islower() method-
str.islower()
Parameters: islower() does not take any parameters
Returns :
1. True - If all characters in the string are lower.
2 False - If the string contains | or more non-lowercase characte,
Examples: 5.
Input : string = -geeksforgeeks’
Output : True
Input : string = ‘GeeksforGeeks’
Output : False
Errors And Exceptions
I It returns “True™ for whitespaces
2 It does not take any arguments, Therefore, It returns an error ifa par
is passed. ameye,
3. Digitsand symbols return “True”, Only a lowercase letter returng «
istitle . false

Titlecased String has the first character in each word U
remaining all characters Lowercase alphabets. The method is
whether all the case-based characters in the string mo__os;:m n
letters are uppercase and all other case-based characters are |ow
Syntax

Following is the syntax for istitle() method -

str.istitle( )

Parameters : istitle( ) does not take any parameters

Return Value : This method returns true if the string is a titlecaseq
string and there is at least one character, for example uppercase charac :
only follow uncased characters and lowercase characters only cased
returns false otherwise. .

Example : The following example shows the usage of istitle() method
#!/usr/bin/python

str = “This Is String Example... Wow!!1”;
print str.istitle()

str = “This is string example....wow!!!”;

PPercase 4y
title() Checkg
ON-case-baseq
ercase,

ters may
ones. |i

L

gNB 20 Question Data Analysis & Visu. with Python / 59

\uﬂ:. str.istitle()

When we run above program, it produces following result -
True
False
isspace
The method isspace() checks whether the string consists of whitespace.
Syntax : Following is the syntax for isspace() method-
str.isspace()
parameters : Isspace() does not take any parameters
Return Value : This method returns true if there are only whitespace
characters in the string and there is at least one character, false otherwise.
gxample : The following example shows the usage of isspace() method.
#!/usr/bin/python
str =" .-
print str.isspace() .
str = “This is string example....wow!!!
print str.isspace()
When we run above program, it produces following result -
True ’

False

title

Title function in python is the Python String Method which is used to
convert the first character in each word to Uppercase and remaining characters
to Lowercase in string and returns new string. The method title() returns a copy
of the string in which first characters of all the words are capitalized.

Syntax : Following is the syntax for title() method -
str.title();
Parameters : title() does not take any parameters

Return Value : This method returns a copy of the string in which first
characters of all the words are capitalized. )

Example : The following example shows the usage of title() method.
#!/usr/bin/python .
str = “this is string example....wow!!!"";
print str.title()

When we run above program, it produces following result -

This Is String Example.... Wow!!!
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lower ]

In Python. lower() is a built-in method used for string handli,

The lower() method retums the lowercased string from (he .y
Il converts all uppercase characters to lowercase. If no upperc
exist, it rerurns the original string.

Syntax @ string lower()

Paramcters: lower() does not take any parameters

Retarns : It converts the given string in into lowercase
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qase ﬁa:

and re
string

Examples:
Input : string = “GEEKSFORGEEKS®
Output : geeksforgecks
Input : string = “GeeksforGeeks’
Output : geeksforgeeks
And Exceptions
i, ldoesnot take any arguments, Therefore, It returns an errorifa
St : DmSSQQ
) Digits and symbols return are returned as it is, On|
is returned afier converting to lowercase.

upper
In Python, upper() is a built-in method used for string handlina
The upper() method returns the uppercased 'strin =
It converts all lowercase characters to uppercase. If n
exist, it-returns the original string.
Syntax : string.upper()
Parameters: upper() does not take any parameters
Returns : It converts the given string in into uppercase and returng
J

Y an Uppercase lette

g from the gjy

€N strip,
o lowercase &

n:msn_wa

string.
Examples:
Input : string = ‘geeksforgeeks’
Output : GEEKSFORGEEKS
Input : string = ‘My name is ayush’
Output : MY NAME IS AYUSH
Errors And Exceptions

I Itdoes not take any arguments, Therefore, It returns an er;

: ror if a parameter
1s passed.
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BB 2
[igits and symbols return are returned as it is, Only a lowercase letter 1s
2 _,...::,:E_ afler converting to uppercase
strip

The stripO method returns a copy of the string with both leading and
o characters removed (based on the string argument passed). The strip()
__s____:c..m characters from both left and right based on the argument (a string
E_:o.,mn,_:: the set of characters to be removed). The method strip() returns a
.,._ucn__.«_.:ﬂn string in which all chars have been stripped from the beginning and
copy M_ of the string (default whitespace characters). i

s el ; i
the ¢ Syntax : Following is the syntax for strip() method -
’ str.strip([chars]) ;

parameters :

Chars : The characters to be removed from beginning or end of the
string. hi

Return Value : 1 his method returns a copy of the string in which all
chars have been stripped from the beginning and the end of the string.

gxample : The following example shows the usage of strip() method.

#1/usr/bin/python

str= “0000000this is string example.... wow!!10000000"":

print str.strip(*0")

When we run above program, it produces following result -

this is string example....wow!!!
split()

split() method returns a list of strings after breaking the given string by

the specified separator. The method split() returns a list of all the words in the

string. using “str’ as the separator (splits on all whitespace if left unspecitid).
optionally limiting the number of splits to num.
Syntax : Following is the syntax for split() method -
str.split(str="", num=string.count(str)).
Parameters
. str - This is any delimeter, by default it is space.
2. num - this is number of lines minus one
Return Value : This method returns a list of lines.
Example : The following example shows the usage of split() method.
#!/usr/bin/python .
str= “Linel-abedel \nLine2-abe \nLined-abed™

print ste.split( )
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print str.split(* *, 1)
When we run above program, it produces following result -
[*Linel-abedef”, ‘Line2-abe’, ‘Lined-abed’)
[*Linel-abcdef, “\nLine2-abc \nLined-abed’)
splitlines
splitline() method is used to split the lines at line boundaries. The func.
tion returns a list of lines in the string, including the line break(optional). The
method splitlines() returns a list with all the lines in string, optionally msn_.aim
the line breaks (if num is supplied and is true)
Syntax : Following is the syntax for splitlines() method -
str.splitlines( num=string.count(*\n"))
Parameters

1. num - This is any number, if present then it would be assumed that

line breaks need 10 be included in the lines.

2. keepends (optional): When set to True, line breaks are included in the
resulting list. This can be a number, specifying the position of line break or, can
be any Unicode characters, like “\n”, *\r”, “\r\n”, etc as boundaries for strings.

Return Value : This method returns true if found matching string
otherwise false.
Example : The following example shows the usage of splitlines() method.
#!/usr/bin/python -
str = “Linel-a b ¢ d e finLine2- a b c\n\nLine4- a bcd”;
print str.splitlines( )
print str.splitlines( 0 )
print str.splitlines( 3)
print str.splitlines( 4 )
print str.splitlines( 5 )
When we run above program, it produces following result -
[‘Linel-abcdef, ‘Line2-abc’, *, ‘Lined-a bcd’]
[‘Linel-abcdef, Line2-abc’,*, ‘Lined-abc d’]
[‘Linel-abcde fin’, ‘Line2-ab c\n’, “\n’, ‘Lined-a b c d’]
[‘Linel-abcdefin’, ‘Line2-a b c\n’, “\n’, ‘Lined-a b c d’]
[‘Linel-abcde fin’, ‘Line2-a b c\n’, \n’, ‘Lined- a b ¢ d’]
join
The join() method is a string method and returns a string in which the
elements of sequence have been joined by str separator. The method join() re- .

tumns a string in which the string elements of sequence have been joined by str
separator.
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Syntax : Following is the syntax for join() method -
str.join(sequence) .
parameters

L SERUETEE-- This is a sequence of the elements to be joined
2. The join() method takes iterable - ;

members one at a time. Some examples are Lj
Set

objects capable of returning its
st, Tuple, String, Dictionary and

Return Value : This method ret i
; : urns a string, which i i
of the strings in the sequence seq. The se BHIEN it gncalpation

providing this method.
Type Error :
TypeError exception.

parator between elements is the string

If the i :
iterable contains any non-string values, it raises a

Example : The following example shows the y
#!/ust/bin/python

g= :-IJ“

sage of join() method.

seq = ("2"."b", “c"): # This is sequence of strinas
print s.join( seq ) =
When we run above program, it produces followine result -
a-b-c }
Q.6 Write about Sets in Python,

Ans. Mathematically a set is a collection of items not in any particular order

A vw.&o: set is similar to this mathematical definition with below additional
conditions.

(i) The elements in the set cannot be duplicates.

(ii) ~ The elements in the set are immutable(cannot be modified) but the set as
a whole is mutable.

(i) ~ There is no index attached to any element in a python set. So they do not
support any indexing or slicing operation.

Set Operations

The sets in python are typically used for mathematical operations like
union. intersection, difference and complement etc. We can create a set, access
it's elements and carry out these mathematical operations.

(1) Creating a set : A set is created by using the set() function or placing
all the elements within a pair of curly braces.

Days=set([*Mon", “Tue", *Wed", “Thu", “Fri”, “*Sat”, “Sun"])
Months={*Jan", *Feb", “Mar"}
Dates={21,22,17}
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print(Days)
print(Months)
print( Dates)
When the above code is executed, it produces the followi
note how the order of the elements has changed in the result.
set(["Wed’, *Sun’, “Fri", *Tue’, *Mon’, *Thu’, ‘Sat’])
sei([*Jan’, *Mar’. ‘Feb’))
set([17. 21, 22))
(2) Accessing Values in a Set : We cannot access individual valyes jn a

set. We can only access all the elements together as shown above. But we can
also get a list of individual elements by looping through the set.

Umv.mﬂmoz —57\_05.;; .,..—._._.u:, 520&:. :.._u_a.e_:.. :.—u::, ..m.m_ﬂi, ..m..—::.:
for d in Days:

print(d)
When the above code is executed,

Wed

Sun

Fri

Tue

Mon

Thu

Sat

ng result, Please

it produces the following result.

Sets : Union

The union operation on two sets produces a new set containing all the
distinct elements from both the sets. In the below example the element “Wed»
is present in both the sets. Returns a union of two sets. Using the 4
between 2 sets is the same as writing set | .union(set2)

people = {*Jay”, “Idrish™, “Archil”}
vampires = {*“Karan”, “Arjun”)}
population = people.union(vampires)
OR
population = people|vampires
population set will have components of both people and vampire
Sets : intersection

The intersection operation on two sets produces a new set containing
only the common elements from both the sets. In the below example the ele-
ment “Wed" is present in both the sets. It returns an intersection of two sets, The

" Operator
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&' operator can also be used in this case,

> DaysA = set{[*Mon", “Tye", “Wed"|)
DaysB = set([“Wed", “Thy", “Frj"
AllDays = DaysA & DaysB
print(AllDays)

when the above code is exccuted

e result has only one “wed”,
set([*Wed'])
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USar”, “Sun”)

- it produces the following result. Please
note th

Sets : subset

The issubset() method returns True if all elements of a set are present in
other set (passed as an argument). If not, it returns Fase.
Set A is said (o be the subset of set B jf aJ] elements of A are in B.

an

u

Here, set A is a subset of B.
The syntax of issubset() is:
A.issubset(B)
Return Value from issubset() : The issubset() returns
(iy  Trueif Ais a subset of B
(i) False if A is not a subset of B
Exp:

~

A=1{1,2.3)
B={1.2,3.4,5}
C={1,2.4,5}

# Returns True
print(A.issubset(B))
# Returns False
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# B is not subsct of A

print(B.issubset(A))
# Returns False
print(A .issubset(C))
# Returns True
print(C.issubset(B))
Wherr vou run the program, the output will be:
True
False '
False
True

Sets : superset
The issuperset() method returns True if a set has every elements of another

sel (passed as an argument). If not. it returns False.

()
(i)

Set A is said 1o be the superset of set B if all elements of B are in A.

u

Fig.
Here. set A is a superset of set B and set B is a subset of set A.
The syntax of issuperset() is:
A.issupersel(B)
Return Value from issuperset() : The issuperset() returns
True if A is a superset of B
False if A is not a superset of B

gNB 20 Question
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/) Returns True

print(A.issupersei(B))

# Returns False

print(B.issuperset(A))

#f Returns True

print(C.issuperset(B))

when you tun the program, the output will be:

True

False

True
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Sets : difference

The difference operation on two se(s

the elements from the ma.,ﬁ set and none from
ple the element “Wed” is present in both the Sets so it will not be found in the

result set. It returns a set containing all the elements of invoking set but
the second set. We can use ‘-’ operator here, u ut notof

DaysA = set([*Mon”, “Tye", “Wed”])
DaysB = set([“Wed”, “Thy”
AllDays = DaysA - DaysB
print(AllDays)
When the above code is executed, it
note the result has none “wed™.

set([‘Mon’, “Tue'])
Sets : symmetric difference

This in-built function of Python Set helps us to get the i
difference between two sets, which is equal to the elements w:&ﬂ: _&B._ﬂmn:n
the two sets, but not common to both the sets, Let’s look at the Ven “_ o
the symmetric_difference between two sets. ST

A B

Produces a new set containing only
the second set. In the below exam-

Fi, “Sar”, “sun))

produces the following result. Please

Fig.
Symmetric Difference is marked as dark.



68 / Computer Science

B. Sc. - Thirg <cs
¢
—— L8

If there is a set_A and set B, then the symmetric difference c..._;r_
them will be equal 1o the union of set A and set B without the 5_9.,,.5_,5
berween the two. . o

'/ Takes a single parameter that has to be
/ a set and returns a new set which is the
// symmetric difference between the two sels.
sel_A.symmetric_difference(set B)
Exp:
Input: set_A = {1,2,3,4, 5}
set_B=1{6,7.3.9, 4}
Qutput : {1,2,5,6.7,9}
Explanation: The common elements {3, 4} are discarded from the outpyy
Sets : copy
The copy() method returns a shallow copy of the set in python. 1f we use
lo copy a set 1o another set, when we modify in the copied set, the change,
are also reflected in the original set. So we have to create a shallow copy of th,
set such that when we modify something in the copied set, changes are not
reflected back in the original set.
Syntax: set_name.copy()
set_name: Name of the set whose copy we want to generale.
Parameters: The copy() method for sets doesn’t take any parameters
Return value: The function returns a shallow copy of the original se;
Below is the implementation of the above function:
# Python3 program to demonstrate the use
# of join () function
setl = {1,2, 3,4}
# function to copy the set
set2 = setl. copy ()
# prints the copied set
print(set2)
Output:
{1,2,3,4)

-

Sets : add

We can add elements to a set by using add() method. This adds the item
X to set if it is not already present in the set.
Days=set([“Mon", “Tue", “Wed", “Thu”, “Fri”, “Sat™])
Days.add(*Sun™)

-
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print(Days)
when the above code is exccuted, it produces the following result.
set([*Wed”, *Sun’, *Fri’, “Tue’, ‘Mon®, *Thy', ‘Sat'])
Sets : remove
we can remove clements from a set by using discard() method.
Days=set([*Mon”, “Tue", “Wed", “Thu™, “Friv, “Sat™))
Days.discard(**Sun™)
print(Days)
When the above code is executed, it produces the following result.
set([*Wed", *Fri’, *“Tue’, ‘Mon’, ‘Thu', *Sar'))
Sets : discard
The built-in method, discard() in Python, removes the element from
the et only if the element is present in the set. If the element s not present in
the set, then no error or exception is raised and the original set is printed.
If the element is present in the set:

# Python program to remove random elements of choice
# Function to remove elements using discard()
def Remove(sets):
sets.discard(20)
print (sets)
# Driver Code
sets = set([10, 20, 26, 41, 54, 20))
Remove(sets)
Output:
{41, 10, 26, 54}
If the element is not present in the set:
# Python program to remove random elements of choice
# Function to remove elements using discard()
def Remove(sets): .
sets.discard(21)
print (sets)
# Driver Code
sets = set([10, 20, 26, 41, 54, 20])
Remove(sets)
Output:
{41, 10, 26, 20, 54}
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Q.7 Write about Inbuilt Functions in Python.

Ams. A function is a block of organized, reusable code that is useq
form a single, related action. Functions provide better modularity {
application and a high degree of code reusing,

The Python interpreter has a number of functions that are always 4
able for use. These functions are called built-in functions. For example,

function prints the given object to the standard output device (screen) or
text stream file.

lo Per
or v.c—:.

Vail.
1:5
to :E

Following are main in built functions in Python:

(1) 1d : The 1d() function retumns a unique id for the specified objeq
All objects in Python has its own unique id. The id is assigned to the Objeg
when it is created. The id is the object’s memory address, and will be 93;99_
for each time you run the program. (except for some object that has a cons
unique id, like integers from -5 10 256)

Syntax : 1d(object)

lan

Parameter Values :

Parameter Description

object Any object, String, Number, List, Class elc.

- )
(2) len : The len ( ) function returns the number of items in an objeg

When the object is a string, the len() function returns the number own:m:mﬂm:
in the string.

Syntax : len(object)

Parameter Values :

Parameter Description -

e

object Required. An object. Must be a sequence or a collection

Example : Return the number of characters in a string;
mylist = “Hello”
x = len(mylist)

(3) chr : The chr() function returns the character that represents the
specified unicode.

Syntax : chr(number)
Parameter Values :
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ter Description

_u—— ra me

An integer representing a valid Unicode code point

mber - . :
o (@) ord: The ord () function returns the number representing the unicode

de of @ specified character.
« Syntax : ord(character)

parameter Values :

M-H».—_.—._ﬂ

W\\l\\lﬂm, any character

character

—  Python Function Types

python comes preloaded with many ?sn:w:.ammz:_os that you can
s per your needs. You can even nﬂmm.:n new functions. Broadly, Python
_.wmnnw_o:m can belong to one of the following three categories -
fun | Built-in functions : These are pre-defined functions and are always
able for use. Some of them are - len( ), type( ). int( ), input( ) etc.
2. Functions defined in modules : These functions are pre-defined in
Jticular modules and can only be used when the corresponding modulg is

:,S:

pare
imported. . .
3. User defined functions : These are defined by the programmer. As
programmers you can create your own functions.
g Python Built-In Functions
| abs() : The abs() is one of the most popular Python built-in functions.
which returns the absolute value of a number.

2. all() : The all() function takes a container as an argument. This Built
in Function returns True if all values ina python iterable have a Boolean value
of True. An empty value has a Boolean value of False,

3. any() : Like all(). it takes one argument and returns True if. even one
value in the iterable has a Boolean value of True.

4. ascii() : It returns a printable representation of a python object (like a
string or a Python list).

5. bin() : bin() converts an integer to a binary string,

6. bool() : bool() converts a value to Boolean.

7. bytearray() : bytearray() returns a python array of a given byte size.

8. bytes() : bytes() returns an immutable bytes object.

9. callable() : callable() tells us if an object can be called.

10. chr() : chr() Built In function returns the character in python for an
ASCII value.
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11, classmethod() : classmethod() retumns a class method for Liy
e

nethod
12. compile() : compile() returns a Python code object. We use
hon 1n built function to convert a string code into object code,
13 complex() : complex() tunction creates a complex number,
14, un_-z..c,“ delattr() takes two arguments- a class, and an attribyge i
it. 1t deletes the auribute. n
15. dict() : dict(). creates a python dictionary.
16. dir() : dir() returns an object’s attributes.
17. divmod() : divmod(), takes two parameters, and returns a tuple op
their quotient and remainder. In other words, it returns the floor division 5
the modulus of the two numbers.
_ 18. enumerate() : This Python Built In function returns an eNuMeryge
object. In other words, it adds a counter to the iterable.

19. eval() : This Function takes a string as an argument, which is parseq
as an expression.

20. exec() : exec() runs Python code dynamically.
21. filter() : filter() filters out the items for which the condition is True
M .

22 float() : This Python Built In function converts an int or a compar.
ible value into a float.

23. format() : The format() function formats a specified value in(o a
specified format.

24. frozenset() : frozenset() returns an immutable frozenset object.

25, getattr() : getattr() returns the value of an object’s attribute.

26. globals() : This Python built-in function, returns a dictionary of the
current global symbol table.

27. hasattr() : Like delattr() and getattr(), hasattr() Python built-in finc.
tion. returns True if the object has that attribute.

28. hash() : hash() function returns the hash value of an object. Angd in
Python, everything is an object.

29. help() : To get details about any module, keyword, symbol, or topic
we use the help() function. '

30. hex() :hex() Python built-in function, converts an integer 1o hexa-
decimal. .

31.id() : id() returns an object’s identity.
32.input() : Input() Python built-in function, reads and returns a line of

—_:m u.vf

nd

string.
33.int() : int() converts a value to an integer.
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34. isinstance() : isinstance() takes a variable and a class as arguments
it returns True if the variable belongs to the class. Otherwise, it returns

rhen,
False: () & Th ;
35. issubclass() : This Python Built In function takes two arguments-

nﬁ__c: classes. If the first class is a subclass of the second, it returns True.

0
w it returns False.

Otherwise. -

36. iter() : Iter() Python built-in function, returns a python iterator for an
object:

37. len() ¢ len() returns the length of an object.

38. list() : list() creates a list from a sequence of values.

39. locals() : This function returns a dictionary of the current local sym-
pol table.

40. map() : Like filter(), map() Python built-in function, takes a func-

d applies it on an iterable. 1t maps True or

tion an False values on each item in

the iterable.

41. max() : max() returns the item, in a sequence. with the hichest value
of all. )

42. memoryview() : memoryview() shows us the memory view of an
argument. .

43. min() : min() retuns the lowest value in a sequence.

44. next() : This Python Built In function returns the next element from
the iterator. o
45. object() : object() Python built-in function, creates a featureless ob-

ject.

46. oct() : oct() converts an integer to its octal representation.

47. open() : The open() function opens a file. and returns it as a file
object. open() lets us open a file.

48. ord() : The function ord() returns an integer that represents the
Unicode point for a given Unicode character.

49. pow() : pow() takes two arguments- say, x and y. It then returns the
value of x to the power of y.

50. print() : The print() function prints the specified message to the
screen or other standard output device. '

51. property() : The function property() returns a property attribute.

52. range() : The range() function returns a sequence of numbers, start-
ing from 0 by default, and increments by 1 (by default) and ends at a specified
number.

53. repr() : repr() returns a representable string of an object.
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Sa,
s4. reversed() : This function reverses the contents 23

returns an iterator object. ang
$5. round() : round() rounds ofT a float to the given number of di.:
(given by the second argument). 1Rity

$6. ser() : set() returns a set of the items passed to it,

57. setattr() : Like getattr(), setaur() sets an attribute’s value for ap o
ecl. .
58. slice() : shice() returns a slice object that represents the set of j,,
specified by range(start, stop, step).

59. sorted() : sorted() prints out a sorted version of an iterable. |
nol. however, alter the iterable.

60 staticmethod() : staticmethod() creates a static method from g fung.

:o=.>m5:n3n§2_.wgcsa_omn_mmm::_sn:_a_:omsognnrws:3: b
called on the class or on an object. ‘

a._nmw

QOﬂv

61. str() : str() takes an argument and returns the string equivalent of i

ou,m.::c";n?:n:o:m:_s:”urmmm::n:&_nmmm: argument, gpq
returns the sum of all values.

63. super() : super() returns a proxy object to let you refer to the pareny
class.

64. tuple() : The function tuple() lets us create a tuple.
65. type() : The type() function returns the type of the specified objec,
66. vars() : vars() function returns the __dict__ attribute of a class.
67. zip() : zip() returns us an iterator of tuples.

Q.8 Write about Defining and Calling a Function in Python.

Ans. A function is a block of organized, reusable code that is useq to per-

form a single, related action. Functions provide better modularity for vour

application and a high degree of code reusing. )
Python gives you many built-in functions like print(), etc. byt you can

also create your own functions. These functions are called user-defined fune.

tions.

Defining a Function

You can define functions to provide the required functionality. Here are
simple rules to define a function in Python.

(i) Function blocks begin with the keyword ‘def* followed b
name and parentheses ( () ). _

(i) Any input parameters or arguments should be placed within these pa-
rentheses. You can also define parameters inside these parentheses.

y the function

gNB 20 Question
\

The first statement of a function can be
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in g , ! an optional statement - the docu-

( mentation string of the function or anw:_:m

(iv) the o%n_c block within every function starts with 5 colon (:) and is in-
dented. ,

” The statement, return _nxnﬂnwm,oi exits a fun
back an expression to the caller. A reqyrn state
the same as return None.

Syntax :
def functionname( parameters )
“function_docstring”
function_suite
return [expression]
By default, parameters have 3 positiona
form them in the same order that they were de

Example : The following function take
prints it on standard screen.

def printme( str ) ;
“This prints a passed string into this function”
print str
return
calling a Function

Defining a function only gives i o name,

. . : specifies the :
are to be included in the function and structureg the blocks ownwwa_:mfm :5_
e.

ction, optionally passing
ment with no arguments is

I behavior and you need to in-
fined.

S astring as input parameter and

Once the basic structure of 3 function is fi
calling it from another function or directly from
is the example to call printme() function -

#/usr/bin/python
# Function definition is here )
def printme( str )

nalized, you can execute it by
the Python prompt. Following

“This prints a passed string into this function”
print str
return:
# Now you can call printme function
printme(“I'm first call to user defined function!™)
printme(“Again second call to the same function™)
When the above code is executed, it produces the following result -
I’'m first call to user defined function! .
Again second call to the same function
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Q.2 Write about Arguments in Python. T~
Ams. A parameter is a vanable m a method definition. When amethod js
then the argument arc the data you pass into the methods parameter.,
Parameter is vanable in the declaration of function. Argumeny
actual value of this vaniable that gets passed to function.
Python refers 1o the values being passed as arguments
Arguments in python can be one of these value types

nﬂ__aa

Is ___.ﬂ

i Literals
vanables
expressions
The alternatives names for arguments are actual parameter and actyy)
argument.

Funchion Arguments : You can call a function by using the _,o:o,i:m
tvpes of formal arguments -
(1) Required arguments
(1)  Keyword arguments
()  Default arguments
(1v)  Variable-length arguments

(1) Required arguments : Required arguments are the arguments passe(
10 a function in correct positional order. Here. the number of arguments in the
function call should match exactly with the function definition.

To call the function printme(), you definitely need to pass one argument,
otherwise it gives a syntax error as follows
#!/usr/bin/python
% Function definition is here
def printme( sir ):
~This prints a passed string into this function”

to

(")

print str
return;
# Now you can call printme function
printme()
When the above code is executed, it produces the following result -
Traceback (most recent call last):
File “test.py™, line 11, in <module>
printme();
TypeError: printme() takes exactly 1 argument (0 given)
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(2) Keyword arguments : Keyword arguments are related 1o the func-

s, When you usc keyword arguments in a function call. the caller iden-
yrguments by the parameter name,

[his allows you to skip arguments or place them oui of order becdiine
p interpreteris able 10 use the keywords provided to match the values
ters. You can also make keyword calls 1o the printme() function in

. _v.<___o

parame

Jlowing ways -
#1/usr/bin/python

# Function definition is here
def printme( str ):
~This prints a passed string into this function™
print str
return;
4 Now you can call printme function
printme( str = *My string”)
when the above code is executed, it produces the following result -
My string
(3) Default arguments : A default argument is an argument that as-
umes 2 default <m_=m if a value _m._._o— provided in the function call for that
ument. The following example gives an idea on default arguments, it prints
awe if it is not passed -
) #!/usr/bin/python
# Function definition is here
def printinfo( name, age = 35 ):

~This prints a passed info into this function™
print “Name:"”, name
print *Age”, age
return;

# Now you can call printinfo function
printinfo( age=50, name="miki" )
printinfo( name="miki™ )

When the above code is executed, it produces the following result -

Name: miki

Age 50

Name: miki

Age 35

(4) Variable-length arguments : You may need to process a function
for mare arguments than you specified while defining the function. These argu-

th
W ith

the 10

5
arg
default
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ments are calied variable-length arguments and are not named in the _.:_..n:a
definition, unlike required and default arguments. n
Syntax for a function with non-keyword variable arguments is thjy
del functionname({formal_args,] *var_args tuple ) :
“function_docstring”
function_suite
return [expression]
An asterisk (*) is placed before the variable name that holds the v,

. _c
of all nonkeyword variable arguments. This tuple remains emplty if ng wa%_.m
tional arguments are specified during the function call. Following is a m::v_m.

example

#!/usr/bin/python
# Function definition is here
def prinuinfo( arg. *vartuple ) :
“This prints a variable passed arguments”
print “Qutput is:”
print arg ]
for var in vartuple:
print var
return;
# Now you can call printinfo function
printinfo( 10 )
printinfo( 70, 60, 50 )
When the above code is executed, it produces the following result -
Output is:
10
Gutput is:
70
60 .
50
Q.10 Write about Global vs. Local Variables in Python.
Ans.  All variables in a program may not be accessible at all locations in tha
program. This depends on where you have declared a variable.

The scope of a variable determines the portion of the program where
you can access a particular identifier, There are two basic scopes of variables in
Python - .
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Global variables
(

(i)

Local variables
(i) Local variables : Local variables can only be reached in their scope.
ple below has two local variables: x and y.
def sum(x.y):
sum=Xxty
return sum
print(sum(8, 6))
The variables x and y can only be used inside the
o't exist outside of the function. Loc
scope. this line will not work:
print(x)
(i) Global variables : A global variable can pe used anywhere in the
code. In the example below we define a global variable z
z=10 !
def afunction() :
global z
print(z)
afunction()
print(z)

The m_og._ variable z om:.cm used all throughout the program,
functions or outside.A global variable can be modified inside a functi
changed for the entire program:

z=10
def afunction(} :
~ global z
z=9
afunction()
print(z)

After calling a function(), the global variable is changed for the entire

program.

rhe exam

T function sum, they
i al variables cannot be used outside of

their

inside
on and

Global vs. Local variables

Variables that are defined inside a function body have a local scope, and
those defined outside have a global scope.

This means that local variables can be accessed only inside the function
in which they are declared, whereas global variables can be accessed through-
out the program body by all functions. When you call a function, the variables
declared inside it are brought into scope. Following is a simple example -
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#' usrin ‘python
total = 0: # This 1s global vanable.
# Function definition is here
def sum( argl, arg? ) :
# Add both the paramcters and return them.”
total = argl + arg2: # Here total is local variable,
print “Inside the function local total =, total
return total;
# Now you can call sum function
sum( 10,20 ) ’
print “Outside the function global total :™. total
When the above code is executed. it produces the following resuly .
Inside the function local total : 30
Outside the function global total : 0
The way Python uses global and local variables is excellent. While i,
many or most other programming languages variables are treated as globy)

nol otherwise declared. Python deals with variables the other way around, .:5,

are local, if not otherwise declared. The driving reason behind this approacy, is
that global variables are o

generally bad practice and should be avoided. In Mo,
cases where you are templed to use a global variable, it is better to utilize a
parameter for getting a value into a function or return a value to get it out. L,

in many other program structures. Python also imposes good programming haby;
bv design.

So when you define variables inside a function definition, they are logy) |
to this function by default. This means that anything you will do to such 3 vari. Aﬁ
able in the body of the function will have no effect on other variables outside of
the function, even if they have the same name. This means that the function body

is the scope of such a variable. i.e. the enclosing context where this name With
its values is associated.

All variables have the scope of the block, where they are declared ang
defined in. They can only be used after the point of their declaration.
Q.11 Write about Defining and Using lambda Function in Python.

Ans.  In Python, anonymous function means that a function is without a name,
"def” keyword is used to define the normal functions and the *lambda’ keyword
is used to create anonymous functions. It has the following syntax:
lambda arguments: expression
This function can have any number of arguments but only one expres-
sion, which is evaluated and returned. One is free to use ‘lambda’ functions
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\Qéﬂeﬂ:ﬂ::_nc; are required. You need 10 kee
._“r,.,._:_:_:. functions are syntactically restricied 1o

! ses in particular fields of programming bes;

p in your knowledge
asingle expression. It has

ous U des other types of expres-
<.5___.__.. i —._._:n:n:_m,

siom® Let's look at this example and try 1o undersang the difference between
:5_.__5_ def defined function and ‘lambda’ function. This is a program that

s the cube of a given value:
relu

#f Python code to illustrate cube of 5 number

# showing difference between def() and lambda(). :
. def cube(y):

return y*y*y;

¢ = lambda x: X*x*x

print(g(7))
print(cube(5))

Output:

343
125

|. Without using .r.nags_ + Here, both of them returng the cube of a
»iven number. But, while using %m. we needed to define a function with a name
cube and needed to pass a value to it. After execution, we alsq needed to return
(he result from where the function was called using the ‘return’ keyword,

2. Using ‘Lambda’ : Lambda definition does not include a “return”
satement, it always contains an expression which is returned.
+ lambda definition anywhere a function is expected. and we
.m.a: it to a variable at all. This is the simplicity of lambda fy

o

We can also put
don’t have to as-
nctions.

Lambda functions can be used along with built-in functions lik
map() and reduce().

use of lambdal() with filter()

The filter() function in Python takes in a function and a list as argu-
ments. This offers an elegant way to filter out all the elements of a sequence
~sequence”, for which the function returns True. Here is a small program that
returns the odd numbers from an input list:

e filter(),

# Python code to illustrate

# filter() with lambda()

li=[57,22,97, 54,62, 77,23, 73, 61]
final_list = list(filter(lambda x: (x%2 '= 0), 1))
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print(final list)
Output:
[5.7.97,77. 23, 73. 61)
Use of lambda() with map()

The map() function in Python takes in a function and a list as ALume,,
The function is called with a lambda function and a list and a new s

rumed which contains all the lambda modified items returned by that
for each item.

list jg b
E:a:g
Example:

# Python code 10 illustrate

# map() with lambda()

# 10 get double of a hst.

i=15,7.22,97, 54, 62. 77, 23, 73, 61]

final_list = lisi(map(lambda x: x*2, 1i)) print(final_list)
Output:

[10. 14, 44,193 108, 124, 154, 46, 146, 122)
Use of lambdal) with reduce()

The reduce() function in Python takes in a function and a list as argy.
ments. The function is called with a lambda function and a list and a new re.
duced result is returned. This performs a repetitive operation over the pairs of
the list. This is a part of functools module. Example:

# Python code to illustrate
# reduce() with lambda()
# to get sum of a list
from functools import reduce
li=[5, 8, 10, 20, 50, 100] -
sum = reduce((lambda x, y: x +y), li)
print (sum)
Output:
193

Here the results of previous two elements are added to the next ele-
ment and this goes on till the end of the list like (((((518)+10)+20)+50)+100).
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i Module-III

write about Introduction to Numpy in Python.

Q! mPy is 8 Python library used for working with arrays. It also has
ns: Nu for working in domain of linear algebra, fourier transform. and
_._sn__%m \mPy was created in 2005 by Travis Oliphant. It is an open source

. v
| _nwwsﬂ you can use it freely. NumPy stands for Numerical Python.
_%p_nn

os of NumPy .

Us in Python we have lists that serve the purpose of arrays. but they are
m_OS\. to —u—.Ohmmm, . A . A

NumPy aims to provide an array object that is up to 50x faster than
iraditional Python lists. .

The array object in NumPy is called ndarray, it provides a lot of
m:_%on_.:m functions that make working with ndarray very easy.

Arrays are very frequently used in data science. where speed and
are very important.

>

iv
(iv) esOUrCES :
Data Science is a branch of computer science where we study how to

use and analyze data for deriving information from it.
re, »
”ﬂ_31< ijs Faster Than Lists

NumPy arrays are stored at one continuous place in memory unlike
(i) lists. so processes can access and manipulate them very efficiently.

. This behavior is called locality of reference in computer science. .
.\ This is the main reason why NumPy is faster than ljsts. Also it is
o_u:_:mmna to work with latest CPU architectures.
Language in NumPy _— :
NumPy is a Python library and is written partially in Python, but most
¢ the parts that require fast computation are written in C or C++,
0 .
Q.2 Write about NumPy Array in Python.
' Introduction to NumPy

NumPy (Numerical Python) is an open source Python library that's used
in almost every field of mo.ﬁ:nw and m:mmsom:sm“ I's the universal standard for
working with numerical data in Python, and it's at the core of the scientific
Python and PyData ecosystems. NumPy users include everyone from begin-
ning coders to experienced researchers doing m_m_m-o“...__ﬁ-u: scientific and
industrial research and development. The NumPy API is used extensively in
Pandas, SciPy, Matplotlib, scikit-learn, scikit-image and most other data sci-
ence and scientific Python packages.

Ans.
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The NumPy library contains muludimensional array and
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structures. It _..3..&2. ndarray, a ro_:a.mnzoo:w n-dimensional array c_,_p_ %ﬁ_ﬁ_ from ndarray object (by slicing) is represented by a
with methads 10 nm._n_nz._w operate on it. NumPy can be used to _E:.:m__:.f Jbject of one ol array scalar types. The following diagram shows a
wide variety of mathematical o?qu:.a:v on arrays. It adds powerfu| daiy st Ny _.v__ss ,_ in between ndarray, data type object (dtype) and array scalar type:
twres 1o Python that guarantee efficient calculations with arrays ang _:._.~ Mg, q%__.__;:_
and it supplies an enormous library of high-level mathematical :_:n:o: ,:nﬁ
operate on these arrays and matrices. > thy [data-type] “.nﬂ_u_w
If you already have Python, vou can install NumPy with:
conda install numpy
or header | | | | [ ...] [ ]
pip install numpy ndarray
. To access NumPy and its functions import it in your Python code lik An instance of ndarray class can be constructed by different array crea-
this: i ytines. The basic ndarray is using an array function in NumPy as fol-
imporn numpy as np _ “%”Mo .
We shorten the imported name to n for better readability of ¢ numpy.array
ing NumPy. P ty Ode . |t creates an ndarray from any object exposing array interface, or from
% thod that returns an array.
NumPy Array in Python any M€ numpy.array(object, dtype = None, copy = :
les ”E.:F M:.Jm can be defined .:u.sm Python sequences m_._nz as __.ws ang True, order = None, subok = False, ndmin = 0)
wanm, nm_:mnw_ MM: nE% es m_v.n M_m_._”na using [ ... Jand ( ... ), respectively. Lists ang The above constructor takes the following parameters :
darray creation:
(1)  alist of numbers will create a ID array \\\Mm..\w_mﬂm_. il o
. - - - ’ l\.\‘-ﬂ.“l‘l j X i i
@)  alistof lists will create 3 3D - T object Any object exposing the array interface method
) ) . ) ) returns an array, or any (nested) sequence.
(1) ?&_ﬂ. nnMc& __MB s_.“__anamﬁ :_mrmﬂ-a_aoﬂm_gm_ arrays. In generg| . Desired data type of array, optional
any array object is called an ndarray in NumPy. | A“u o Optional. By default (true), the object is copied
>>>alD = np.armay([1, 2, 3, 4]) 4 &) e C (row major) or F (column major) or A (any) (de-
>>> 22D = np.array(([1, 2], [3, 4]]) . ) fault) .
>>>a3D =np.array([[[ 1, 2]. [3, 4]]. [[5. 6], [7. 8]]]) 6 subok By default, returned array forced to be a base class
The homogeneous multidimensional array is the main object of Numpy. array. If true, .msc-n_mm.wmm ?.,mm& through
Itis basically a table of elements which are all of the same type and indexed by (6) ndmin Specifies minimum dimensions of resultant array
a tuple of positive integers. The dimensions are called axis in NumPy. ~ Ex. I: import numpy as np
The NumPy's array class is known as ndarray or alias array. The a = np.array([1,2.3])
numpy.array is not the same as the standard Python library class array.array. print a
._..rn array.armay handles only one-dimensional array and provides less func- The output is as follows:
tionality. (1,2,3]

Every item in an ndarray takes the same size of block in the memory i l
. i ; i . than one dimensions
Each element in ndarray is an object of data-type object (called dtype). Ex. 2: # more

import numpy as np
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a=np.array({[l. 2). (3. 4]))
print a
The output 1s as follows:
[11.2]
3.4]1]
Ex. 3: # minimum dimensions
IMport numpy as np
a=mnparray({l, 2, 3. 4, 5], ndmin = 2)
print a
The outpul is as follows:
11.2,3,4,5))
Ex. 4: # dtype parameter .
iImport numpy as np
8 = np.array([1. 2. 3]. diype = complex)
print a
The output is as follows:

(1.+04,2 + 0.3, + 0]
The ndarray object consists of contiguous one-
computer memory, combined with an indexing scheme that maps each itery ¢,
2 location in the memory block. The memory block holds the elements j, «
row-major order (C style) or a column-major order (FORTRAN or MatLap
style). .
Comparison of Python List with Numpy Array
Numpy Array
(1) 1t is the core Library of python
which is used for scientific

dimensional segmen of

Python List

(1) The core library of python
provides list.

computing.
(2) ltcan contain similar datatypes.  (2) It Contains different types
of datatypes.
(3) We need Numpy Library to (3) Itis built-in function of python,
access Numpy Arrays. .
(4) It is Homogeneous. (4) It is both homogeneous and

heterogeneous.
(5) In this Element wise operation (5) Element wise operation is

is possible. not possible on the list.
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ing pumpy.array() we can (6) Itis by default t-dimensional
sl

|
Byt Z._v::nzm_c_s_ array.

In some cases, we can create
n.d:_r.

an N-Dimensional list. But it
is a long process.
jires smaller memory (7) It requires more memory as
qu

e
Kl It _a::%:o: as compared to compared to Numpy Array
col ;
thon —\_m_.. i i .
_f_:.m cach item is stored in a (8) It stores item in random
i i
(8) In _:o::u_ manner. location of the memory.
mnn._ it 65 compared to list. (9) Itisslow as compared 1o
9 It is NumPy Array.
Iso have some optimism (10) It does not have some
(10) It st ) optimism function.
function.

\\\\\HM..mU:»mm of NumPy Array

Various array attributes of NumPy are:
ape
E_m_._.ﬂ_”,m.mm”_._éﬂ attribute returns tuple consisting of array dimensions. It
Iso be used to resize the array.
i Ex. 1: import numpy as np
 a=npamay([(123)04.5.6]))
print a.shape
The output is as follows:
(2. 3)
Ex. 2: # this resizes the ndarray
import numpy as np

a=np.array([[1.2.3].[4.5.6]])
a.shape = (3.2)
print a
The output is as follows:
[[1,2
(3.4]
(5.6]] o .
Ex. 3: NumPy also provides a reshape function to resize an array.
import numpy as np
a=np.array([[1. 2, 3], [4,5.6]]
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Yo
ap
b = a.reshape(3. 2 }

printb
The output is as follows:
.2
3.4]
[s.6]]
darray.ndim

This array attribute returns the number of array dimensions.
Ex. 11 % an array of evenly spaced numbers

Import numpy as np

2 = np.arange(24)

print a
The output is as follows:

(0123456789101 12131415161718192021 2>
: # this is one dimensional array

import numpy as np

2 = np.arange(24)

andim

23)
Ex. 2

% now reshape it
b = a.reshape(2.4.3)
print b
% b is having three dimensions
The output is as follows:
[ffo.1.2
[3.4.5]
[6.7. 8] '
[9, 10, 11]]
[[12.13. 14]
[15. 16, 17]
[18, 19, 20]
[21,22,23]]]
numpy.itemsize
This array attribute returns the length of each element of array in bytes.
Ex. I: # dtype of array is int8 (I byte) ‘
import numpy as np
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« = np.array([1,2.3.4,5], dtype
print x.itemsize

np.int8)

¢ output is as follows:
|
9. # dtype of array is now float32 (4 bytes)
. import numpy as np
x = np.array([1,2,3,4,5], diype = np.float32)
print x.itemsize

Th

EX-

The output is as follows:
4
—:.:—u<.=ﬂﬂm
n

The ndarray object has the following attributes. |5 current values are
i ;

red by this function.
I

ret
\\\}‘—%‘

—C_CONTIGUOUS (©)
(=

Description

The data is in a single, C-style contigu-

Ous segment

£ CONTIGUOUS (F) The datais in a single, Fortrap-

. style con-
liguous segment

OWNDATA (O) The m:m« owns the memory it uses or
borrows it from another object

The data area can be wri
this to False locks the
read-only

WRITEABLE (W) tten to. Setting

data. making it

ALIGNED (A) The data and all elements are alig
(5) propriately for the hardware

This array is a copy of some other ar-
-ray. When this array is deallocated, the

base array will be updated with the con-
tents of this array
i e

Ex. : The following example shows the current values of fags.
import numpy as np
x = np.array([1,2,3,4,5])
print x.flags
The output is as follows:
C CONTIGUOUS : True
F_CONTIGUOUS : True
O|e<z DATA : True

ned ap-

(6) UPDATEIFCOPY (U)
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WRITEABLE : True |
ALIGNED: True
UPDATEIFCOPY : False

A data type is a way to specify the type of data that will be storeq

. For example,

Data types

Nay

array| = np.array([2. 4. 6)])
Here. the array | array contains three integer elements, so the data y
Integer(int64)), by default. Pe
NumPy supports a much greater variety of numerical types than Pythg
does. The following table shows different scalar data types defined in Z:::Jw

Data Types Description T~

(1) bool Boolean (True or False) stored as a byte

{2) im_ Default integer type (same as C long; normalyy
either int64 or int32)

(3) nc Identical to C int (normally int32 or int64)

(4) intp Integer used for indexing (same as C ssize_t; Nor.
mally either int32 or int64)

{(5) m8 Byte (=128 10 127)

(6) intlé Integer (-32768 to 32767)

(7)  in32 Integer (-2147483648 to 2147483647)

(8) int64 Integer (-9223372036854775808 to
9225372036854775808)

(9) uint8 Unsigned integer (0 to 255)

(10) uintlé Unsigned integer (0 to 65535)

(11) uimt32 Unsigned integer (0 to 4294967295)

(12) uint64 Unsigned integer (0 to 18446744073 70955 1615)

(13) floar_ Shorthand for float64

(14) floatlé Half precision float: sign bit, 5 bits exponent. |
bits mantissa

(15) float32 Single precision float: sign bit, 8 bits exponent,
23 bits mantissa

(16) floai64 Double precision float: sign bit, I1 bits exponent,
52 bits mantissa

(17) complex Shorthand for complex 128

m

f
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pNe .
\\:\oﬂ“&\‘ Complex number, represented by two 32-bit floats

comj

18) (real and imaginary components
( y p )

complex! 28 Complex ..E:_rn_.. represented by two 64-bit floats
(19) (real and imaginary components)

qumPy numerical Qunw are instances of dtype (data-type) objects, each
o unique characteristics. The dtypes are available as np.bool . np.float32.
having
Rk Data Type Objects (dtype)
A data type object %mnlcmm interpretation of fixed block of memory
onding to an array, depending on the following aspects:

corresp ¢ of data (integer, float or Python object)

i Size of data , .
A___v Byte order (little-endian or big-endian)
(it

: n case of structured type, the names of fields. data type of each field
(iv) and part of the memory block taken by each field.

|f data type 15 a subarray, its shape and data type
o The byte order is decided by prefixing *<’ or *>" o data type. "<’ means
coding is little-endian (least significant is stored in smallest address).

hat en , 5 s " ¥ i
t at encoding is big-endian (most significant byte is stored in small-

> means th

est address)-
A dtype object is constructed using the following syntax:

numpy.dtype(object, align, copy)

The parameters are:
(i)  Object: To be converted to data type object
(i) Align: If true, adds padding to the field to make it similar to C-struct

(i) Copy: Makes a new copy of dtype object. If false, the result is refer-

ence to builtin data type object

Ex.: # using array-scalar type
import numpy as np
dt = np.dtype(np.int32)
print dt

The output is as follows:

int32
Ex.: Creating NumPy Arrays With a Defined Data Type

In NumPy, we can create an array with a defined data type by passing the
diype parameter while calling the np.array() function. For example,
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IMpOrt numpy as Ap
¥ create an array of 32-bit integers
array | = np.amay([1, 3. 7). diype="int32")
print(array 1. array 1.diype)
Output:
{137] 32
In the above example. we have created a Num
with a defined data type.
Notice the code,
nparray([1. 3. 7]. dtype="im32")
Here. inside np.array(). w
dnvpe parameter to int32.

Py array nameq

Since we have set the data type of the array 1o int32
the ara) is represented as a 32-bit integer.

Ex: Creating NumPy Arravs With a Defined Data Type
import numpy as np
# create an array of §-bjt integers
arrayl = np.amray([1, 3, 7). dtype=‘int8’)
# creale an array of unsigned 16-bit integers
array2 = np.array([2, 4. 6], dtype="uintl6")

# creale an array of 32-bit floating-point numbers
array3 = np.amray([1.2, 2.3, 3.4], dtype=‘float32’)
# create an array of 64-bit complex numbers
amay4 = npamay([1 +2j, 2+3j, 3+4j], dtype="complex64°)
# print the arrays and their data types
print(array |, arrayl.dtype)
print(array2, array2 dtype)
print(array3, array3.dtype)
print(array4, array4.dtype)

Output
[137]inm8
[2 4 6] uintl6
[1.2 2.3 3.4] float32 .
[1.42,j 2.43j 3.44 ] complex64

rray)

e have passed an array [1, 3, 7] ang Sel

, each m_n_:n_: of
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¢ ahout Array in Python.

it
o wr NumPy Array Functions

ARS: nPy array functions arc the built-in functions
. (0 create and manipulate arrays
v us

provided by NumPy

+and perform different operations
fhat allor
e

on ! we will discuss some of the most commonly used NumPy array func-

{ions: NumPy Array Functions

There are many NumPy array functions available but here are

some of
osl commonly used ones.
s m |
the Array Operations ——
i\mﬂmﬂﬂa::n:o:m np-array(). np.zeros(), np.ones().
_4 -

np.empty(), etc.
np.reshape(), np.transpose(), etc.

np.add(), np.subtract(). np.sqrt().
np.power(). etc.

y Manipulation Functions

rra : .
s & Mathematical Functions

!
.w, >_._‘mv

2

y Statistical Functions

i np.median(), np.mean(), np.std(). and
4. ArT np.var().
. " [nput and Output Functions np.save(), np_load(), np.loadtxt(),
5. AIT: etc.
Array Creation
A new ndarray object can be constructed by any of the following array
Jion routines o using a low-level ndarray constructor.

crea

numpy-empty . | o
It creates an uninitialized array of specified shape and dtype. It uses the
_.o__ofism constructor:
numpy.empty(shape, dtype = float, order = *C")
The constructor takes the following parameters.

Parameter Description
(1) Shape .m:mum of an empty array in int or tuple of
int
(2) Diype Desired output data type. Optional
(3) Order ‘C’ for C-style row-major array, *F" for

FORTRAN style column-major array

Ex.: The following code shows an example of an empty array.
import numpy as np
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x = np.empty([3.2). diype = int) N
print x
The output is as follows:
[[22649512 1701344351]
(1818321759 1885959276] %
[16779776 156368896]]
Note: The clements in an array show random values as they are
mtialized. [\
umpy.zeros

Returns a new array of specified size. filled with zeros.

numpy.zeros(shape, dtype = float, order = 'C Y)
The constructor takes the following parameters.

Parameter Description T~
(1) Shape Shape of an empty array in ,5
of int
{2) Dtype Desired output data type. Optional

(3)  Order "C” for C-style row-major array, *p»
FORTRAN style column-major array
Ex. 1 :# armay of five zeros, Default dtype is float i
import numpy as np
X = np.zeros(5)
print x
The output is as follows:
[0.0.0.0.0]
Ex. 2 :import numpy as np
X = np.zeros((5,), dtype = np.int)
print, x
Now. the output would be as follows:
[00000]
numpy.ones
Returns a new array of specified size and type, filled with ones.
numpy.ones(shape. dtype = None, order = ‘C”)
The constructor takes the following parameters.

*‘O r

Parameter Description

(1) Shape Shape of an empty array in int or tuple of
int
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nB 2 s
u\\\‘ Desired output data type. Optional
_v—v__an

‘C" for C-style fow-major array, ‘F* for
FORTRAN style column-major array

Order

1: # array of five oncs. Default diype is floag
jmport numpy as np
x = np.ones(5)

Ex

print X
The output is as follows:
(1.10. 1.1 1.]
. import numpy as np
X = :n.o_amzu,mu, dtype = int)
print X
utput would be as follows:

Ex. 2

Now, the 0
(]
(1 L
Array From Existing Data

NumPy provides us the way 10 create an array by using the existing data.
ra
....::2.%“::“ is used to create an array by using the existing data in the
4__.__.Mw or tuples. This routine is useful in the scenario where we need to
form of lis .:_os sequence into the numpy array object.
82%%:%«&3 to use the asarray() routine is given below.
numpy.asarray(sequence, dtype = None, order = None)
It accepts the following parameters. .
|. sequence: It is the python sequence which is to be converted into the

n array. :
pytho 2. dtype: It is the data type of each item of the array.

3_order: It can be set to C or F. The default is C.
Ex.: creating numpy array using the list

import numpy as np

1=[1,2.3,4,5,6,7]

a = np.asarray():

print(type(a))

print(a)
Output:

<class ‘numpy.ndarray’>
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(1234567
Ex.: creating a numpy array using Tuple
IMport numpy as np
1I=51.2,3456.7)
a = np.asarrayt]);
prini(tvpe(a))
print(a)
Output
class “numpy ndarray ">
(1234567
Ex.: creating a numpy array using more than one list
iImport numpy as np
1={[1.2.3.4.5.6,71.[8.9))
a =np.asarray(l);
print(type(a))
print(a)
Output:
<class ‘numpy.ndarray™>
[list(]1,2.3.4.5. 6, 1) lisi([8, 9))]
numpy_frombuffer
This function is used 1o create an array by using the specified buffe,
The syntax 1o use this buffer is given below.
numpy.frombufler(buffer, dtype = float, count = -1, offsey = 0)
It accepts the following parameters.
(1)  buffer: It represents an object that exposes a buffer interface.
(ii)  dtype: It represents the data-type of the returned data type array. The
default value is 0.
(ii1)  count: It represents the length of the returned ndarray. The default value
is -1.
(iv)  offset: It represents the starting position to read from. The default valye
is 0.
Ex.: import numpy as np
I = b*hello world’
print(type(1)) .
a = np.frombuffer(l, diype = ~S|”)
print(a)
print(type(a))

e
output:
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<class “bytes™>
__._.__, be' b I b Ibo" b b'w' b'o'br bl bd'|

_class ‘numpy.ndarray’>

miter . ‘ |
_..:3—2.30:_:_3 is used to create a ndarray by using an iterable object. It
This € o
_:ﬁ_um:....n___:n:mmo:m_ ndarray object.
:._c:_.,...w_dn syntax is given below.
_ _E_:E..?9::2:8329 dtype, count = - |)

cepts the following parameters.

ac ; )
I It represents an iterable object.

le:
_:.._.ac. It represents the data type of the resultant array items.
..56”. It represents the number of items to read from the buffer in the
count: .
array-
Ex.. import numpy as np

list = [0,2,4,6]

it = iter(list)

x = np.fromiter(it, dtype = float)

print(x)

n_.msxaﬁm?:
Output:

[0.2.4.6.]

<class ‘numpy.ndarray’>

pumpy.arrange

This function returns an ndarray object containing evenly spaced vahues
n range. The format of the function is as follows:
numpy.arrange(start, stop, step, dtype)

The constructor takes the following parameters.

within a gIve

Parameter Description
() start The start of an interval. If omitted, defaults
to 0
(2) stop The end of an interval (not including this
number)
(3} step : Spacing between values, default is |
@) diype Data type of resulting ndarray. If not given,

data type of input is used
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e e G

The following example

B. Sc. - Thirg Y
8

\ S show how you can usc this function.
Ex. 1: impon numpy ag np

X = np.arange($)
print x
Its output would be as follows:
01234
Ex. 2: import numpy as np
# dtype set
X = np.arange(3, diype = float)
print x
Here. the output would be:
[0.1.2.3.4)
Ex. 3: # stant and Slop parameters set
mMport numpy as np
X = np.arange( 10,202
print x
Its output is as follows:
{1012 1416 18}
numpy.linspace )

This function is similar to arange() function. In this function, instead of

step size, the ::.:..cn_. of evenly spaced values between the interval is specifieq
The usage of this function is as follows -
numpy.linspace(start, stop, num, endpoint, retstep, dtype)
The constructor takes the following paramelers.

Parameter Description
(1) san The starting value of the sequence
(2)  stop The end value of the sequence. included iy
* the sequence if endpoint set to true

(3)  num The number of evenly spaced samples to
be generated. Default is 50

(4)  endpoint True by default, hence the stop value is in-
cluded in the sequence. If false, it is not
included ;

(5)  retstep If true, returns samples and step between
the consecutive numbers

(6)  duype Data type of output ndarray
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gne 2
The
Ex. |

following examples demonstrate the use linspace function.
dimport numpy as np
x = np.linspace(10,20,5)
print X
s output would be:
[10. 125 15. 17.5 20]
2 :# endpoint set o false
import numpy as np
x = np.linspace(10,20, 5, endpoint = False)

Ex.

print X
Jts output would be:
[1o. 12. 14 16.
Ex.3:# find retstep value
- import numpy as np

18.]

x = np.linspace(1.2,5, retstep = True)
print X
# retstep here is 0.25
Now, the output would be:
(array([1., 1.25, 1.5, 1.75, 2. ]). 0.25)
numpy-logspace
This function returns an ndarray object that contains the numbers that
a0 evenly spaced on a log scale. Start and stop endpoints of the scale are
indices of the base, usually 10. )
numpy.logspace(start, stop, num. endpoint, base, dtype)
Following parameters determine the output of logspace function.

pam———— . .
Parameter Description
0 start The starting point of the sequence is
baseslart .
{2) stop The final value of sequence is basestop
(3) num The number of values between the range.

Default is 50

(4) endpoint If true, stop is the last value in the range

(5) base Base of log space, default is 10
(6)  diype Data type of output array. If not given, it

depends upon other input arguments
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L]
The following examples will help you understand the _:w,, b r

Ace i

fon un

Ex. 1: import numpy as np
& default basc is 10
& = np.ogspace(1.0. 2.0, num = 10)
ﬁ-—.:.: a

Its output wouid be as follows:

110 20154065 1668100537
ISORWIIGI 46 4| SRRR3Y 5994842503
Ex. 2: # set base of log space to 2
impon numpy as np

& = np.logspace(1.10.num = 10, base = 2)
print a
Now. the output would be -

(2. 4 8. 16. 32, 64. 128. 256,

1024 ) : 3,
The Eye method

;nn.,.o:q_..o&oan_duammuo array with Is on the diagon
clsewhere, ,

215443460

n 825594,
77 42636827 -

100 |

al ang 0g
Syntax :The syntax of eye() is:
numpy.eye(N, M = None. k = 0, dtype = float, order = ‘)
Note: Here, M = None implies that M = N by default.
eyel) Arguments
The n.ui ) method takes the following arguments:
(1) N: Number of rows in the output (can be int)

(1) M (optional): Number of columns in the output (can be int)
(1i)  k (optional): the diagonal in question (can be int)
(iv)  dtype (optional): the datatype of the resultant array

(v)  order (optional): the memory layout of the array (can be ‘C* or ‘F)
Notes:

(i) By default k = 0 and represents the main diagonal.
(ii) k> 0 represents diagonals above the main diagonal
(iii)  k < 0 represents diagonals below the main diagonal.

The eye() method returns the resultant array with shape NxM with all
elements as 0 except the kth diagonal where all elements are 1.

Ex. I: Create a Square Array Using eye()
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0 auestion

one 2

{mport nUMpYy as np

i create a squarc 2x2 array with Is at diagonal
cred , .

array! np.cye(2)
_i_,.:,uxm square array\n’, array|)

o Ix2 with i
4 creale a square 2x2 array with | above diagonal

array2 = np.eye(2, k=1)
_uzzz,wzm square array with k = 1'n’, array2)
4 create a square 2x2 array with 1 below diagonal
array3 = _G_mwmﬁ_ ru-:. .
n:::.mxm square array with k = -1\n’, array3)
OE_.__M?.N square array

[[1.0.]

[0.1.1]
2x2 square array with k =1

[[o.1.]

[0.0.]]
7x2 square array withk = -1

[(0.0.]

[1.0.]]

thod .
full) ,_ﬁ__“mo?__c method creates a new array of given shape and type, filled

ha given fill value. .
The syntax of full(}) is:
numpy.empty(shape, fill_value, dtype None, order = *C’_ like =

None)

full) Arguments .
The full() method takes the following arguments:

() shape: desired new shape of the array can be integer or sequence of
integers) .

fill_value: value to fill the array with

dtype (optional): datatype of the array

Wi
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() order (optional): specifies the order in which the uniniy;
are filled dva)
- < . i L
() Vike (aptional): reference object o allow the creation of "
arc not NumPy arrays Aray, i
full) Return Value ha
The full() method returns the array of gi
Y ot given shape, orde
filled with a fill value. : pe. order. ang dagy,
De

Ex. 1: Create Array with full()
IMpOort nuUMpy as np
# create a 1D array of five 2
array | = np.full(s.2
prini("1D Array:"armay1)
# create a 2D amray of 2.0s
array2 = np.full((3.2). 2.0
print(*2D Array: \n".array2)
# create an nd-array of (1.2
amay3 = np.full((2. 2, 2). (1, 2))
prini(‘n-d array:'n" array3)
OQOutpaut:
- IDAmay:[22222)
2D Amay:
— 272

r . |

2.2]]
wu-d array:
(2]

(12]]

[(12]
(121
If unspecified. the default diype is the data type of fill value.
Ex. 2: Change the Data Type of Array Elements

You can change the data type of array elements by using the dtype argu-
ment. ’

import numpy as np
# create a 1D array of five 2s
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# pass (the dtype argument to change the data type
array | = np-full(s. 2. dtype = ‘foat’)
print(’ 1D Array: arrayl)

atputs S,
£ | D Array: _u.u.w_!!_ . | |
fill value is 2. so the default dtype is an integer. However. we
__r._.r..“__.,_.A type of the filled value to floating-point by passing dtype
e datd B

,__m__.me_ :

oat Numpy Meshgrid Function
wsherid() method takes two or more _,_u arrays representing co-
The mes M._ returns a rectangular grid of a pair of 2D arrays. The numpy
Jinate values m__ rovides meshgrid() function, for creating a rectangular grid
: dule o_._v.ﬁ:o,_ _vm oiven 1-D arrays that represent the Matrix indexing or
o the help & S_<_M,:k>m somewhat inspires the meshgrid() function. From

indexing. . 5 R X .
" the meshgrid() function returns the coordinate matri-

ﬁcsﬂm_z

11. ¢ ¢ & * ® ¢ ¢ o o
7 e 9 b ) p ® ¢ o ¢
7 e @ [ ] ® [ ] ¢ ¢ ¢ ¢ o
a ¢ ¢ ¢ o 9 e ¢ ¢ ¢ ¢ ¢
7 S ¢ ¢ ¢ ¢ & ¢ ¢ ¢ o o
4

e ¢ ¢ & ¢ ¢ ¢ o ¢ ¢ o

I

5 4 -3-2-10 123 45

in the above figure. the x-axis is ranging @o.:. —S1to3. .:a. the y-axis is
1 -5 to 5. So. there is a total of 121 points marked in the figure.
rdinate and y coordinate. For any line parallel to the x-axis, the
" oordinates of the marked points are \u —4.-3. -2, -1, 0, __.u. 3.4.and 5
,.Beﬁ_é_w On the other hand, for any line parallel to the y-axis, the y-coor-

z_.n marked points from bottom to top are —5. -4, =3, -2. 1.0, 1. 2,

ing fron
cach with x-c00

fespec
dinates of
3.4,and 5 respectively.
The syntax of meshgrid() is:
numpy.meshgrid(*xi, copy= True, sparse = False, indexing="xy")

meshgrid() Argument .
The meshgrid() method takes the following arguments:
i) *xi: 1D arrays representing the coordinates of a grid
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(1) indexing(optional): specifies index of the grid (*xy'(C
fault) or “ij"(matrin) )

* dg,
(i) sparse(optional): a bool value, il True a sparse grid is _,2::3;
() copy(optional): create a cop) if Truc(default) and return vigy,
A i
meshgrid() Return Value ry alg,

The meshgrid() method returns coordinate matrices from
vectors.
Ex. 1: Create a 2-D Grid
import numpy as np
# create 1D arrays
x = np.array([1. 2. 3])
y = np.array([1. 2. 3])
# create a 2D grid using meshgerid
X.Y = np.meshgrid(x.y)
# print the created grid
prnt("X values:\n™, X)
print("Y values:\n™, Y)
Output :
X values:
[{123)
[123]
(123])
Y values:

i

222

[333])
The code creates a 2D grid where the values of X and Y presen; b
coordinates of the grid points.
The X array represents the x-coordinates of the grid points, where each
row contains the same x values [I. 2, 3]. The Y array represents the y-coordi-

nates of the grid points, where each column contains the same y values [1,2
3]

nco::_s_
¢

2-D Gaussian Array
To create a 2 D Gaussian array using the Numpy python module,
Functions used:

(i) numpy.meshgrid(): It is used to create a rectangular grid out of two

given one-dimensional arrays representing the Cartesian indexing or
Matrix indexing.
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syntax: - , _ A
syn! __._s__é._:nw_.mq,::.;:.2.3 T'rue, sparse = False. indexing="xy')

(): returns number spaces cvenly w.rt interval,
_:__..3\.__:3_52.
syntax:
numpy.
False, dtype = None) .
this mathematical function helps the user to calculate

ﬁ__- . B
linspace(start, stop, num = 50, endpoint = True, retstep

_ ==_—§.2—.C" . L helDs L
(i “,o nz_go:g:m_ of all the elements In the input y
Syntax: ome. where - Troe. castine -
pumpy.exp(array, out = None, ' g

-same_kind’, order ‘K", dtype None)

1: Python3
# Importing Numpy package

import numpy as np

Ex.

4 sigma(standard deviation) and muu(mean) are the parameters
S

of gaussian
def mE_mmcmm:m:_ﬁnz_ﬂo:,n_nm_.mm. sigma=1, muu=0):

# Initializing value of X,y as grid of kernel size
# in the range of kernel size

X,y = :v.amm_.m_.m%:ﬁ._msmcmnﬁl_, 1, kernel_size),
np.linspace(-1, 1. kernel_size))
dst = np.sqri(x**2+y**2)

4 lower normal part of gaussian
normal = 1/(2, 0 * np.pi * sigma**2)

# Calculating Gaussian filter .
gauss = np.exp(-((dst-muu)**2 / (2.0 * sigma**2))) *
normal

kernel size=5 .
gaussian = gaussian filter(kernel_size)
print(“gaussian filter of{} X {} . format (kernel_ size,
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kernel  size))
Print(gaussian)

Output:
gaussian filter of § X §
10.00291502 0.01 30¢
3 ::?ﬁmroo%ﬂ 306423 002153928 0.01306423 0.007¢
oo o.%amoa.., 0.09653235 0.05854983 0.0 ma_,su
B_S.simw o_oﬁa.,ua 0.15915494 0.09653235 0.85,5_
e 854983 0.09653235 0.05854983 0.0130¢ o2
gm . 1306423 0.02153928 0.01306423 0 oc..fzuw_
Crea ectors in Pyth i W
_ : on using N I
NumPy is a general 9 Umpy
U—,O/:a
orkin,
N.ESE_ package for scientific no_suczzm_“r_:.w s:”
Vector are b used for creating array of n dimensions, With Py,
uilt from components. which are ordinary Numb
[§

Can think of a v
ecl :
Or as a list of numbers, and vector algebra as g

per _Q_.:.wg on th \Y
e numbers 1
" m the list. In Om_..mq words vector is the nu

high-performance 3:.:93.?..:.5% array-processing package. |y
these arrays. It is the find ensional array object, and tools for w

thon. Numpy is basically

Ts. Sm
Um_.m:o:m

SJUV\ _:U

In ords
ry n.q lo create a vector, we use np.array method.
b MH—IPu ﬂﬁusvﬁ—_m—v
Argument: It ;
: 11l A :
. ke 1-D list it can be | row and n columns or rows
ang
Return : :
e §. It returns vector which is numpy.ndarray
e W .
Dy e M.Sn create vector with other method as well which reg,
but Bom.u ¥ 2 nrm:i._n :m.masmn:s. np.zeros((4, 1)) gives |-p 1.: I-
Ppropriate way is using np.array with the 1-D list. o

Ex.: In thi .
: IS e P :
vector xample we will create a horizontal vector and a vertica|

fay,

..ﬂ —a—.\vo:—_._m H__._a“u%
impon numpy as np

u. creating a 1-D list (Horizontal)
listl = 1,2, 3]

m Creating a 1-D list (Ventical)
lisi2 = [[10),
(20],
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0 guestion
(3011
¢ creating @ vector |

§l vector as row
array(list1)

ne 2

.

<r.n—o_._ = np.

4 creating a vector 2

§ vector as column
:?E.BvA:m_uv

vector2 =

# showing horizontal vector .,
cl::..qu_No:_m_ Vector™)

n:::<mo€l )

print(*=--==" B )

4 showing vertical vector

nlzz,éo:mnm_ Vector”)
E:_xén_o_.mv

Qutput :

Horizontal Vector

Vertical Vector

[[rol
[20]
(3011

ite about Indexing and Searching in Array in Python.

04 Wr :
ach element in an array is associated with a number. The

Ams. In NumPy, €
qumber is known as an array index.

Let's see an example to demonst

[ 3 [ s 17 ]9

0- 1 2 3 4
Fig.: Array Indexing in NumPy

rate NumPy array indexing.

-

index —
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II.ll.lu\

In the above array. S is the 3rd element. However, is ing

This is because the array indexing starts from 0, that | ¢
ment of the array has index 0. the second element has indey | )

Now, we Il soe now we can access individual items from BT Cle,
the index number the _
Access Array Elements Using Index

We can usc indices to access individual elements of a

Suppose we have a NumPy array:

arrayl = np.array([1. 3, 5, 7, 9))

Now. we can use the index number to access array ele
(i) array![0] - to access the first element, ie. | =
(1) arrayi[2] - to access the third element, ie. 5
array1[4] - 10 access the fifth element, ie. 9
Fx.: Access Array Elements Using Index

import numpy as np

arrayl = np.array([1. 3. 5, 7, 9])

# access numpy elements using index

print(array 1[0]) # prints |

print(array1[2]) # prints 5

print(array 1[4]) # prints 9
Note: Since the last element of array| is at index 4
the element beyond that, say index 5, we will get an inde
index 5 is out of bounds for axis 0 with size 5
Modify Array Elements Using Index

We can use indices to change the value of an element
For example,

Xis 5
s e _..

ZE:_,

Chnts as:

(i)

Jif .
We try 19

ac
X €ITOr: nge Cesg

xmﬂ.cﬂ

in a Z:E—uv\ m:.mw

import numpy as np

# creale a numpy array

numbers = np.array([2, 4, 6, 8, 10])

# change the value of the first element

numbers[0] = 12

print(“After modifying first el ) i

ok fying first element: -numbers) # prings [12 4
# change the valye of the third elemen

numbers[2] = 14 ) "

print(“After modifying third element:” numbers)# pri

s 0] g rs)# prints [12 4
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o 2
{

:__::_>=.uq modifying first element: (12468 10]
Afier modifying third clement: (124 14 8 10]

imple, we have modified elements of the numbers array

in the above X

o indexing.
siné __:;_z—__._._..ﬂ_c_ 12 - modifies the first clement of numbers and sets its
I yCIs
pum
i) Auce 10 12 B .
A <.__=w2m_u_ _ 14 - modifies the third clement of numbers and scts its
:.:.:
(it) _,E_:n o 14 .
Negative Array Indexing
z::.__u< Py allows negative indexing for its array. The index of —| refers to
imﬂu _2 to the second last item and so on. :
e Jast ! ?
[ 3 [ 5 [ 7 [ 9]
reaative index = =5 -4 =3 2 -
i Fig.: NumPy Array Negative Indexing
Let's sc€ an example.
import numpy as np
4 create a numpy array
numbers = np.array([1, 3.5, 7, 9])
# access the last element
ul:;:::&ﬂi\_: # prints 9
4 access the second-to-last element
nl:;::.ﬁumGTNC # prints 7
Qutput:
9
7
Modify Array Elements Using Negative Indexing

Similar to regular indexing, we can also modify array elements using
negative indexing. For example,

import numpy as np

# create a numpy array

numbers = np.array([2, 3, 5,7, 11])

"# modify the last element
numbers[—1] = 13
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print{numbers)
# modify the second-to-last element
numbers] -2] = 17

print{ numbers) # Output: [23 517 13)

Herc. numbers|- 1] = 13 modifies the last element 1o 13
17 modifies the second-to-last clement to 17,

2]

Note : Unlike regular indexwng, ncgative indexing starts fr
s fron,

0) and it xtarts counting from the end of the array. | (n,
) . g
2-D NumPy Array Indexing
Array indexing in NumPy allows us to access and manipulaie
in a 2-D armay. & n_n::.:;

To access an element of array |, we need to specify the row |
column index of the element. Suppose we have following 2-D array Nde
array! = np.armay([| 1. 3, §]. '
[7.9.2]).
[4.6.8]]D
Now. say we want to access the element in the third row an
column we specify the index as:
array 1[2. 1] # retuns 6
Since we know indexing starts from 0. So to access the elemey
third row and second column, we :n.x._ to use index 2 for the thirg "
index 1 for the second column respectively.
Ex.: 2-D NumPy Array Indexing
import numpy as np
# create a 20 array
array| = np.array([[1. 3. 5. 7],
[9. 11,13, 15],
[2.4.6,8]])
# access the element at the second row and fourth column
element] = arrayl [, 3] # returns 15
print(“4th Element at 2nd Row:".element])

# access the element at the first row and second column
element2 = array| [0, 1] # returns 3
print(*2n Element at First Row:",element2)
Output:
4th Element at 2nd Row: 15

d 4-!

# Output: [23 57 13) l/

._ZQ :—_:.._
_.-_

d mmncza

Uin g,
OW gp4

N

,/.D_.E
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nd Element at First Row. 3
48 ROW OF Column of 2D Array Using Indexing

NumPy. we can access specific rows or columns of a 2-0) array using

pec?

In
WexIng:
{'s sce an example.

jmport numpy as np

i create a 2D array
np.array([[ 1. 3.

[7.9.2].

[4.6.8]])

# access the second row of the array

|.c

5).

array |

second row = arrayl[l. :] .

_uz_i,.mnno:a Row:™. second_row) # Output: [7 9 2]

# access the third column of the array

third_col = arrayl [:. 2

v..:i:.::.d Column:", third_col) # Output: [5 2 8]
Qutput:

Second Row: [79 2]

Third Column: [5 2 8]

Here,
) arrayl [1.:] - access the second row of array|1
| = 5
_:: array| [:, 2] - access the third column of array|

3-D NumPy Array Indexing

we learned how to access elements in a 2D array. We can also access
clements in higher dimensional arrays.

To access an element of a 3D array. we use three indices separated by
CcomMAs.
(iy The first index refers to the slice
(i) The second index refers to the row
(i) The third index refers to the column.

Note: In 3D arrays, slice is a 2D array that is obtained by taking a subset
of the elements in one of the dimensions.

Let's see an example.
import numpy as np
# create a 3D array with shape (2, 3,
array | = np.array([[[1, 2. 3, 4].

4)
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[5.6,7.8],
19, 10411, 12]],
{113, 14,15, 16],
[17. 18,19, 20],
(21, 22,23, 241D ,
# access a specific element of the array
element = arrayl (1, 2, 1]
# print the value of the element
print(element)
Output: 22
Here, we created a 3D array called arrayl with shape (2
array contains 2 2D arrays, each with 3 rows and 4 columns.

Then, we used indexing to access a specific element of array |
the code,

s u. Au ,::m

: Za:g

arrayl[1, 2, 1]
Here,
(1) arrayl[l,, ] - access the second 2D array, i.e.-
[13,14, 15, 16],
[17, 18, 19, 20],
[21. 22, 23, 24]

(i) arrayl [,2,] - access the third row of the 2D array. i.e.
[21. 22, 23, 24] .
(iii)  arrayl [..I] - access the second element of the third row, ie.

[22

Array Slicing
. Array Slicing is the process of extracting a portion of an array. Wit
slicing, we can easily access elements in the array. It can be done on one g
more dimensions of a NumPy array.

Syntax of NumPy Array Slicing:
array[start:stop:step]

Here,
(i) start: index of the first element to be included in the slice
(i) stop: index of the last element (exclusive)
(i) step: step size between each element in the slice

. .22»" When we slice arrays, the start index is inclusive but the stap
index is exclusive.

(i)

If we omit start, slicing starts from the first element
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gN

I we omit stop, slicing continues up to the last element
| we omit step. default step size is |
1D NumPy Array Slicing
1n NumPy, it's possible to access the portion of an array using the slic-
_For example,
import numpy as np
# create a 1D array
arrayl = np.array([1,3,5,7,8,9,2,4,6])

(i
:_;

ing operator
e

# slice arrayl from index 2 to index 6 (exclusive)

print(arrayl [2 :6]) #[57 8 9]

# slice arrayl from index 0 to index 8 (exclusive) with a step
size of 2

print(arrayl [0:8:2]) # [1 5 8 2]
# slice arrayl [rom index 3 up to the last element
print(array| [3:]) #[7 8924 6]

# itlems. from start to end

print(array1[:]) #[135789246]
“In the above example, we have created the array named array | with 9
clements. . ’

Then. we used the slicing operator : to slice array elements.

: array 1[2:0] - slices array | from index 2 to index 6, not including index
6
array 1 [0:8:2] - slices array1 from index 0 to index 8. not including in-
dex 8
array 1 [3:] - slices arrayl from index 3 up to the last element
arrayl [:] - returns all items from beginning to end

V)
Fo&? Array Elements Using Slicing

Wwith slicing, we can also modify array elements using:
Using start Parameter
import numpy as np

# create a numpy array
numbers = np.array([2, 4. 6, 8, 10. 12])
# modify elements from index 3 onwards
numbers[3:] = 20
print(numbers)
Output: [2 4 6 20 20 20]
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d._:..n_ Y
Here. numbers[3:] = 20 replaces all the clements from indey 3
On

with new value 20.

i Using stop Parameter
import numpy as np |
# create a numpy army
numbers = np.array((2. 4. 6, 8, 10, 12])
# modify the first 3 clements
numbers[:3] = 40
print(numbers)

OQutput: [40 40 40 8§10 12]

40.

Here. numbers[:3] = 20 replaces the first 3 elements wiyy, the
ew
m__._m

3. Using start and stop parameter
import numpy as np
# creale a numpy array
numbers = np.array([2, 4, 6, 8, 10, 12])
# modify elements from indices 2 to 5
numbers[2:5] = 22
print(numbers)
Output: [24 222222 12]
Here. numbers[2:5] = 22 selects elements from index 2 (o ind
replaces them with new value 22.
4. Using start, stop, and step parameter
import numpy as np
# create a numpy array
numbers = np.array([2, 4, 6, 8, 10, 12])
# modify every second element from indices 1 to §
numbers[1:5:2] = 16
print(numbers)
Output: [2 166 16 10 12]
In the above nmm_:v_m‘ _i_scm_.m: :5:2] = 16 modifies every seconq g|.
ment from index | to index 5 with a new value 16.
NumPy Array Negative Slicing
We can also use negative indices to perform negative mznm:w in Numpy
arrays. During negative slicing, elements are accessed from the end of iy,
array. J
Let’s zee an example.

©X 4 gy
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jmport numpy as np
{ creatc a numpy array
numbers = np.array([2. 4, 6, 8, 10, 12])
4 slice the last 3 clements of the array
4 using the start parameter
w::.?:acna_-ue #1810 12]
# slice elements from 2nd-to-last to 4th-to-last element
# using the start and stop parameters
nl::::ico_.mﬂ-u_-m: #14638]
4 slice every other element of the array from the end
# using the start, stop, and step parameters
u_.m:z:._agamm-_ 22D #[12 8 4]
t:
O::Ecm:_m numbers[-3:]- [ 8 10 12]
Using numbers[-5:-2]- [4 6 8]
Using numbers[-1: -2]-[12 8 4).
Here.
E_Evn_.mm-u“_ - slices last 3 elements of numbers
::53279-5 - slices numbers elements from 5th last to 2nd
jast(excluded) :
(i) pumbers[- _. ::-2) - slices every other numbers elements from the end
with step size 2
verse NumPy Array Using Negative Slicing
In NumPy. we can also reverse array elements using the negative slic-
ing. For example, .
import numpy as np
# create a numpy array
numbers = np.array([2, 4, 6, 8, 10, 12])
# generate reversed array
reversed_numbers = numbers[::-1]
print(reversed_ numbers)
Output: [12 108 6 4 2]
Here, the slice numbers[: :-1] selects all the elements of the array with
astep size of -1, which reverses the order of the elements.
2D NumPy Array Slicing

>. mﬂ NumPy array can be thought of as a matrix, where each element
has two indices, row index and column index.

0]
(ii)

Re
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To slice a 2D NumPy array, we can use the same syntax as ;, Y

(D NumPy !ﬂd..\:_n only difTerence is that we need to specify
cach dimension of the array.
Syntax of 2D NumPy Array Slicing:
array[row_start:row_stop;row_
step, col_start:col_stop:col_step]
Here,
row_start,row_stop,row_step: specifies starting index,

r 5|
| w_

()
dex. and step size for the rows respectively m_ouz._m_
: . o I
(i1) S_lm:_,..,no_uﬂa?g_lm.e? specifies slarting index. sigpnp;
and step size for the columns respectively Pping ing,
X,

Let's understand this with an example.
# create a 2D array
array| = np.array([[1, 3, 5, 7],

[9. 11,13, 151D

nl_.im:m«:“m. 2D

Output:
IUE)
QD)

Here. the , in [:2, :2] separales the rows of the array. The first

first 2 rows i.e., entire arrayl. This results in 2 retun,
[13]
The second : 2 returns first 2 columns from the 2 rows. This res
[911] : el

NumPy Array Reshaping
NumPy array reshaping simply means changing the shape of g ar
without changing its data. Iray
Let’s say we have a 1D array.
np.array([1,3.5,7.2,4.6,8])
We can reshape this 1D array into N-d array as
# reshape 1D into 2D array

(i)

Res

# with 2 rows and 4 columns

357
[2468])

# reshape 1D into 3D array
# with 2 rows, 2 columns, and 2 layers

L 20 Question Data Analysis & Visu. with Python /117

1l

[571]
[[24]
[68]]]

Here. we can see that the 1D array has been reshaped into 2D and 3D

Jrrays without altering its data.

Syntax NumPy Array Reshaping: The syntax of NumPy array reshap-

ing 15
"~ np.reshape(array, newshape, order = *C’)
[Here,
array: input array that needs to be reshaped,
(ii) newshape: desired new shape of the array
(i) order (optional): specifies the order in which the elements of the ar-

ray should be arranged. By default it is set to *C’

Note: ._:__m.o_dnq argument can take one of three values: “‘C’, ‘F’, or “A".
hape 1D Array to 2D Array in NumPy

we use the reshape() function to reshape a 1D array into a 2D array.

import numpy as np
array | = np.array([1,3,5.7,2,4,6,8])
# reshape a 1D array into a 2D array
# with 2 rows and 4 columns
result = np.reshape(array!l, (2, 4))
nq::?mm:_z
Output:
[[1357]
[24638]]
In the above example, we have used the reshape() function to change the
shape of the :u. array named array| into the 2D array. Notice the use Mﬁ:_m
reshape() function,
np.reshape(arrayl, (2, 4))
Here, reshape() takes two parameters,
arrayl: array to be reshaped
i) (2,4): new shape of array| specified as a tuple with 2 rows and 4 col-
umns.
Ex.: Reshape 1D Array to 2D Array in NumPy
import numpy as np
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# reshape a 1D array into a 2D array
# with 4 rows and 2 columns
amayl = npamay([1. 3.5,7. 2,4, 6, 8]
result] = np.reshape(amayl, (4, 2))
print(*With 4 rows and 2 columns: \n",resultl)
# reshape a 1D armay into a 2D array with a single row
resul2 = np.reshape(arrayl, (1, 8))
print(“\nWith a single row: \n",result2)
Output:
With 4 rows and 2 columns:
(3l
57]
(24]
(681
With a single row:
[[135724638]]

Note:
We need to make sure that the new shape in reshape() has (he
number of elements as the original array, else a ValueError wij| be
For example, reshaping an 8 element 10 array into a 2D array of
and 4 columns is possible, but reshaping it into a 2D array of 3 r,
3 columns is not possible as that would require 3x3 =9 eleme
Array Shape
To get the shape or dimensions of a NumPy Array, use ndarray sh
where ndarray is the name of the numpy array you are interested of :amﬂm«.mrwﬁ
returns a tuple with dimensions along all the axis of the numpy array. ~hap
In the following example, we have initialized a multi-dimensional nyp
array. Of course, we know the shape of the array by its definition. But, we sﬂ_
use ndarray.shape property to get the shape of the array programmatically,
Python Program
import numpy as np

mmsm
Faiseq.
2 _.DSM

Wws ang
nts,

# Initialize an array
arr = np.array([[[11, 11,9, 9],
[11,0,2,0]
}
[[10, 14,9, 14],
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\\I‘l‘

(0,1, 11 111D

# Get array shape

shape = arr.shape

print(shape)
Output:

(2.2.4)

Copy Vs View in NumPy

NumPy consists of different methods to duplicate an original array.
The two main functions for this duplication are copy and view. The duplication
of the array means an array assignment. :
When we duplicate the original array. the changes made in the new ar-

y may or may not reflect. The duplicate array may use the same location or

ra) .
ay be at a new memory location.

m s e g .
The main highlight difference between a copy and view it in its memory

jocation- The copy nw.mz array is a new array. The view, on the other hand. is
st @ view of the original array.

| We store the copy at a new memory location. A copy returns the data
qored at the new location. The changes made in the copy data does not reflect
o the original array. The copy of an array owns its own data.

The view is a view of the original array at the same memory location. A
jiew returns the data stored at :_.m original memory location. The changes made
o ihe original .%:m are reflected in the view and vice versa. The view of an array
joes noL WD its own am:m..
copy or Deep Copy in NumPy
|t returns a copy of the original array stored at a new location. The copy
Joesn't share data or EmEoQ E.:: the original array. The modifications mﬂ.m
oot reflected. The copy function is also known as deep copy.

import numpy as np
arr = np.array([20.30.50.70])
a = arr.copy()

7changing a value in original array

arr[0] = 100

print(arr)

print(a)

Qutput:
[100 30 50 70]

[20 30 50 70]
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Changes made in the original array are not reflected |
larly. changes made in copy are not reflected in the ori ___rdn ____ th
. g a
View or Shallow copy in NumPy B
It relurns a view of the original array stored at the
J o > e

¢
array, 8

.imzsm loe

view doesn’t have its own data or memory : ;
\ d nory but uses the O—._m.:__md Mg ._:O: ,
fications reflect in both. We also call the view function st =, Y. The “Th
- \F .
import numpy as np oW cap, Mog,

arr = np.array([20.30.50,70])
a= arr.view()
#changing a value in original array
arr[0] = 100
print(arr)
print(a)
Output :
[100 30 50 70]
[100 30 50 70]
ﬁ:usmom made m.z the original array reflect in the vi
changes made in the view are reflected in the original mS
No copy in NumPy "
When we make assignments to an array does not e
e

arrav. It actually accesses the origi a
15 n-c?m_m:ﬁ Sv ointers i wJ_rm__E_ array through its id(). Th i Of th
q p in ¢ /ct + language. They i - 1he id() elem
array. Y Just point to (he o e,
_35 |
S|

eW. Inthe g
S|
mu\. ame va,

import numpy as np
#declaring an array

arrl = np.arange(10)
print(arrl)

#applying id() function
print (id(arrl))
_Hassign the array to another variable
arr2 = arrl

print (arr2)

#we print the id() for arr2
print( id(arr2) )

Output:

[0123456789]
139825053003648
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(0123456789]
130825053003648
NumPy View Creation

o create @ view via two methods. We can either create it by slic-
rray or changing its data type.
¢ c:”__.w glice view: In this type of view creation, we perform slicing
Nuf array. We can then address the view by offsets, strides, and
OF e original array:
ounts import numpy as np

arr= :n.Em:mn:S

n:::»i

#slicing of original array to create a view

y=arr[1:10:2]
_ul_.:?v

OE:.:.:“
(0123456789]

(13579
NumPY dtype .ia::
enerate a VvIEW.

import numpy as np .
np.arange(| 0.dtype="int32")

In this case we change the data type of the original

aray and 2

arr =
_u_::_?::
#changing datatype of original array to create a view
<nm2.imi._::m_v
—ul_:?v
Qutput :
[01 23456789]
[001 ououObouomoqomooo__
Array Iterating
lterating means going through elements one by one. As we use multi-
gimensional array in python.(numpy), we can use for loop.
Iterating 1-D: For 1-D array, iteration happens one by one.
import numpy as np
arr=np.array([1,2,3])
print(“Original array:”,arr)
print(“*After iteration:™)
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’. wo- - q——-qg
. ] 40
for X in arr: Z
print(x) :

Tterating 2-D: For 2-D array. iteration happens passing throy,
row. Bh g, |
: hy
import numpy as np
arr=np.array([[1,2.3].[4,5.6]])
print(“Original array:\n",arr)
print(*After iteration:™)
for x in arr:
print(x)
# 1o iterate on each scalar:
print(*After iterating on each scalar:”)
for x in arr: )
fory in x:
print(y)
Iterating 3-D: For 3-D array, iteration i
g g y happens passing throyg, all g,
import numpy as np )
arr=np.armay([[[1,2,3],[4.5.6]].[[7.8.9].[10,1 L2
print(*Original array:\n",arr)
print(“After iteration:”)
for x in arr: .
print(x)
# to iterate on each scalar:
print(“After iterating on each scalar:”)
for x in arr:
fory in x:
forziny:
print(z)
Using nditer ( ):
. icavw nmowmma.nas%w an iterator object called nditer. | j ,
dimensional iterator object used to iterate the elements of an E..E _Mm g
ment of an array is visited using Python’s standard Iterator Eﬂm%mﬂ.m ach e

Let us create a 3X4 array using arange() function and ite

using nditer. rate over i

Ex.: import numpy as np
a = np.arange(0,60,5)
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g 20
Sﬁza.&

print ‘Original array is:’
print
print “\n’
print ‘Modified array is:’
for x in np.nditer(a):
print X,
output of this program is as follows:
O:mm:m_ array is:
[(os1o 15]
(202530 35] ‘
[40 45 50 55]]
Modified array is:
0510 15 20 25 30 35 40 45 50 55
Array Join
Lo means putting contents of two or more arrays in a single array.
o n tables based on a key, whereas in NumPy we join arrays by

The

Joinit !
n SQL- W€ ot

e oncatenate() function is a function from the NumPy package. This

ially combines NumPy arrays together. This function is basi-
ng two or more arrays of the same shape along a specified

The ¢
fion gssent

unc G
) sed for join!

nm:% u

is- : , . : : ind:
8 There are the following things which are essential to keep mind:

(N NumPy’s concatenate() is not like a traditional database join. It is
jike stacking NumPy arrays. .
. (2) This function can operate both vertically and horizontally. This means

e can concatenate arrays together horizontally or vertically.

21519
4113

n

np.concatenate()

e

LS
|-
- || o

5/8]3
4]6]1

The concatenate() function is usually written as np.concatenate(), but
we can also write it as numpy.concatenate(). It depends on the way of import-:
ing the numpy package, either import numpy as np or import numpy, respec-
lively.
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Syntax:
numpy.concatenate((al, a2, ), axis)

Paramcters
(1) (al. a2, ..): This pa
. S N arameler r_r.:: 's the se .
al, a2 ad. . are the armays whi > e Shquenee ol iy
Ak A3... s whic : AMmays
. : b hich 7.:0 the same z_:_ﬁc except i ays, __c
corresponding to the axis. weReeptanthe dimgy ¢
_;_C:

(2) axis : int(optional): Thi
, . : + This parameter defi N
the array will be joined. By default, its value js 0 elines the axis wlong Whi
Result: . !
Tt will retu ¢ ni
im a ndarray containing the elements of both the a
I'T;

We eque )
. pass m‘mrn_._:..no,o_ arrays that we want to join to the
ncuion, along with the axis. If axis is not explicitly passed r

Ex. 1: numpy.concatenate()
import numpy as np
x = nparray([[1.2].[3.4]])
v=np.array([[12.30]))
z=np.concatenate((x, y))
Z
In the above code
(i)  We have imported numpy with alias name np.
:; We have created an array ‘X’ using np.array() function.
i / 'y’ usi
(11i) HH: we have created another array 'y’ using the same np.array() fune.
(iv) We have declared the variable ‘z’ ie
e ety functon ble *z’ and assigned the returned valye of
(v)  We have passed the array ‘x” and *y’ in the function.
(vi)  Lastly, we tried to print the value of *z’.
mimno._: the output, values of both the arrays, i.e., ‘X" and *y’ shown as per e
Output:
array([[ 1, 2],
[3,4],
[12,30])
Ex. 2: numpy.concatenate() with axis=1
import numpy as np
x = np.array([[1,2].[3 4]])
y= np.array([[12,30]])

ays,
Ncate

. 3 n
it is takep, dley,

as 0
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7
C__::_:
array((l 1. 2. 12],
[3.4.30])
n the above example, the *. T" used to change the rows nto columns and
_ OWS.
ns into 1 i
ol Array Split

ing merges multiple arrays

gplitting is reverse operation of Joining. Join .
use array_split() for

d mn:::ﬁ breaks one array into multiple. We

int0 on® m._._n:‘m. we pass it the array we want (0 split and the number of splits.
%_EEWM.“ m._:: the array in 3 parts:
. jmport numpy as np
arr = np.array([1. 2. 3.4,5.6])
newarr = np.array_split(arr, 3)
ﬁl:R:mEmﬂv
Note: The return value is a list containing three arrays.
If the array has less elements than required. it will adjust from the end

mhﬁc_.&m:m_v\. 5
NumPy Sort, Search and Count Functions
n search sort. and count opera-

NumPy contains functions to perfort
s, There are a wide variety of functions to get the output. We can use the
oﬁ,mc:m accordingly to produce the most optimum output. We can imple-

these functions on the array object.
ng with each other on the same data. We

om the array. We use Numpy

li
fun

ment )
The functions can be used alo

NumPy search to find a particular element fr

use ; : . .
cart function for arranging the array in a particular order. NumPy counting
fanction returns the count of a particular value.

Array Search

we perform NumPy search operation to determine the position of a
siven element or value inside an array. There are functions to find the maxi-

num. minimum, or a value satisfving a particular condition. The search wms

pe successful if the value is found.
1. np.argmax(): This function returns the index of the maximum value
nhe array list. The search can be specific to a particular axis or the entire

umay.

out o

import numpy as np

S
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ar= =v,s§v.=_..5.~wZu?ﬁsc
?.:i%.m_.magz?::

Output: 3
2. np.nanargmax(): This function returns the index of the May.
alue element after ignoring ‘Not a Number’ (NaN) values presen, in ~w_

import numpy as np
arr= =u.m:.u§=.2__i,.as,.uo_._ma,om.zc.smz_:

v::.?u.g»:mqmagz?::

Output : 4
3. np.argmin(): This function returns the index of the Minimyp,

my,
U
®liy,

in the array list. The search can be specific to a particular axis or the n,._“__.g
array. i
import numpy as np
arr=np.array([[74,59].[56,981])
print(np.argmin(arr))
Qutput: 2
4. np.nanargmin(): This function returns the index of the 3_3_._:_5

value element after ignoring ‘Not a Number” (NaN) values present in the |,
import numpy as np
arr=np.array([[74, np.0an,59],[56,98,np.nan]])
c_.iz:v.:m:m:u..::im:d

Output: 3

5. np.extract(): This function returns the array values that satisfy , par.

ticular condition.
import numpy as np
arr=np.array([[74.33].[59.98]])
a=np.mod(arr,2) = =0
print(np.extract(a,arr))

Output : [74 98]

6. np.nonzero(): This function search returns values that are non-zero,
import numpy as np _
arr=np.array([0,56,89,0,23])
print(np.nonzero(arr))

Output: (array([1, 2, 4]))
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~~ Function

Description

—_—

(" np.argwhere() It is used to group elements, having non-

zero indices.

It returns a flattened array consisting of el-
ements with non-zero indices.

It returns elements following a condition.
It returns indices of elements that are in
sorted manner. .

Array Sort

,_,_d.n_,n are a wide variety of sorting functions in NumPy. These NumPy
gort :_:om_o:m arrange the data in a particular order. We choose the best sort-
ing algorithm depending on the output criteria. We can apply for any order
over the data. There are various sorting functions available.

(2)  np.flatnonzero()

(3)  np.where()
(4)  np.searchsorted()

1. np.sort(): This function returns an array in sorted format.
import numpy as np
arr = :u.m:.mﬁ:_a._.ﬁ.&.mq.mﬁ:
print(np.sort(arr))

Output: [[ 1 1628 47 53 871

2. np.argsort(): This function returns the ind;
k > . ndices of t
We can perform this along a particular axis. he sorted array.
import numpy as np
arr = np.array([[16,1.47,53,87,28]))
print(np.argsort(arr))
Output: [[1 0523 4]]
3. np.lexsort(): This function returns the indices of array elements in-
jirectly sorted by using a key sequence. We can consider the Jast key as the

primary one.
import numpy as np

arrl n:u.m:mﬁ:_o,_.a.\.mu.mq.wwzv
arr2 = =n.m§£:uPoo‘ﬁ.uw_q.\..am_:
#sort by arrl and then arr2
print(np.lexsort((arr2.arrl)))

Qutput: [[1 0523 4]]

N

Function
(I) np.ndarraysort()

Description

It is for sorting an array in place.
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It returns

(2)  np.msort() | :
first axis f__
() nppartition() It returns a copy of array parjgg,,
(4) np m_.m_s_::::: It returns the partition of an arry _.
specilic axis. y .;._:_f
foces d
(s)  np.sort_complex() It sorts the real and imaginary Pa
rately. s sep,
(8

Variations in Different Sorting Techniques }

Let "a* be a numpy array
a.sort()
Sorts the array in-place

Return type is None
Occupics less space. No copy created as it directly sorts y,
€ ori:
o_._m_:w_

& returns None

array
(iv) Faster than sorted(a)
sorted(a)
(i) Creates a new list from the old & returns the new one, soreq
(i)  Return type is a list
(iii) Occupies more space as cOpy of original array is created and y,
ing is done &N sop.
(iv)  Slower than a.sort()
np.argsort(a)
(i)  Returns the indices that would sort an array
(ii)  Return type is numpy array
(iii) Occupies space as a new array of sorted indices is returned
np.lexsort((b, a))
(1) Perform an indirect sort using a sequence of keys
(i) Sortbya,thenbyb
(iii) wnE.B type _.am:.mz of ints Array of indices that sort the keys alg
specified axis ng the
(iv)  Occupies space as a new array of sorted indices pair wise is returned

NumPy Counting Function
We can apply NumPy Count to count a specific ki
array list. P nd of value from
I. np.count_nonzero(): This function returns the count of all the ngy
zero values from the array. We can apply this function along a specific axis

import numpy as np

.

Yoo
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e
arr= np.array([[16,0,56.(2,34,0),190.87.0]])

print(np.count_nonzero(arr))

print(np.count_nonzero(arr,axis=0))

Output:
6
(321)
gplitting Arrays
\\l\u"
Array Descripti
t
L ption
D split Splits a i i
ﬁ o p n array into multiple sub-arrays
. . .
2 Splits an array into multiple sub-arrays hori-
i zonlally (column-wise)
1) v i 1
3 Splits an array into multiple sub-arrays ver-

tically (row-wise)

Compari i i
Co wm.._:m and Filtering NumPy array
e NumPy i i
o m:m:_w\a__cmmé has a wide range of tools which perform the com-
Ema by element i g£o %m_ arrays. The comparison of arrays will be done ele-
aé o in ”os wise and column wise based on the dimension of the
arcay- Wh € want to retrieve a parti /
e filtering. particular array element, then we can apply
NumPy is abbrevi
eviated as Numerical py ich i
. eV python, which is used
_z.a__mzu_.m"““wﬁ_”.”_ mzaawn_m:::n calculations on multidimensional m_.qmum %Mm«o::
yrices. The w? ifferent functions and methods available in NymPy e
form the filtering and comparison of the arrays e per

comparing NumPy Arrays

_.uo:oz_:.u. are the methods available in NumPy library {
comparison operations on the arrays. ) 10 perform (e
equal()
greater()
array_equal()
all_close()

(1) Using equ .
ares the two M:_wvm_c Zw::a. The equal() method in NumPy library com-
p : Py arrays element-wise and returns a Boole {
each comparison performed. To elaborate, when one elem i 9:?:,::
ray is compared with its corresponding element in the se m_:a:o_: S.u :_.a.m
value _m‘a::_:a if they are equal and .fmu_mm. otherwi Mﬂ: oo ﬁ:n
peated for all the elements in both these m:uv\w Re R P BT

N
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All these Boolean values obtained are stored in another
Ir

played as the outpul. _:_..e output array contains all *True’ 5.___.,..,:( ang
arrays are said 10 be identical and ‘False’, otherwise. S they, :_.__,,
Ex. : Let us .m?. a simple example comparing two Numpy, . "
ment by element, using the cqual() method - Y Aray
jmport numpy as np Ela,
a = npamay(|1.2.3]
b = np.array([34,2,10])
out = np.equal{a,b)
print("“The Boolean oytput of the equal ?:25?:65
Output: The following is the output of the equal function )
the arrays and we can observe the Boolean output. Pplieg .
The Boolean output of the equal function: [False Ty, ; l
(2) Using greater() Method: The greater() method is useg alse|
pare any two NumPy arrays element-wise. This method returns ;_5 o,
clement in first array is greater than its corresponding element ip :_am if th,
array: and False, otherwise. Seeop,
Ex. In this example, we are trying to compare elements of twe N
arrays using the wama_.o method. The return values after each o,osu mzmh“:m_v.,,
re

stored in another array.
jmport numpy as np
a= _._u.m_._.mﬁ:.u.u:
b= =n.m:m5§,m._o:

out = =u.mamagm,€
print(*“The Boolean output of the greater function:",out)

Output : The following is the output of the greater function whey, ap

plied on the two arrays.
The Boolean output of the greater function: [False False Falsg

(3) Using array_equal() Method: The array_equal() method s Used
to compare two NumPy arrays element-wise to check whether both the arryy,
are equal or not. If both arrays are equal, the return value is True and if not __v
return value is False. .

Note: Both arrays are said to be equa

arrays are equal.
Ex.: When we pass the two arrays of same shape and size 10 1)
¢

array_equal() function then the output will be in Boolean format.
import numpy as np
a = np.array([1,2,3])

1§

I only if all the elements in
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\.\.\lﬂﬂ?m:ﬁwaua.m. 10])

oul = np.array cqual(a.b)
.:G:...:E Boolean output of the array equal function:".out)
Output: The following is the output of the array equal() function.
The Boolean output of the array equal function: False
(4) Using m:n_am..uc Method: The allclose() method compares two
,mPy arrays element-wise and checks which element is close to each other.
. mu_." ?.5;. mxmmzﬁ_n if we pass the two input arrays to the allclose()
function then it will gives true when the elements are close otherwise gives

NU

[alse.
import numpy as np
np.array([1,2,3])
b = np.array([3,4.2])
out = np.allclose(a,b)
rint(*Th e
O.:._!:_u..~ ._.:M ﬁo_wownw“%mﬂzﬂmm_w“”ﬁn—_h _A”.Mﬂm_“n“w_mm :._:n:o:”:.,occ
wrns the Boolean output. clgse() function:and Fe-
The mowkmmn outpul of the allclose function: False
- Filtering NumPy Arrays
e lollowing i :
the .,:_.m,_v,\_m. g are the functions to perform the filtering operations on
i) Boolean Indexing: :
from mh “:.mz based on a w%EM_w_oﬁ_“Mﬂﬁm_p_wMMw“Hm MM__osmw us to select elements
isfy the moonom_z no:a:._.oq_m are extracted from the mqu\ .ﬂﬂm. m_mam._z.m that m.m?
eeds 10 be satisfied with the array elements, is also r:.o:s_m no_wa_:o:. which
mu.n._s this mzm_:m_m. we are trying to retrieve the m_wm oolean mask.
g array using m_oohmm: _:.a.mx:_m. To filter elements, we im._a_ma elements of
goolean mask, with a condition a > 2, then the claera ~_a first create a
are extracted. isfying this condi-
import numpy as np
a = np.array([34,2,10])
mask =a > 2
filtered_array = a[mask]
print(“The output of the Boolean indexing:™ filtered array)

Output: The following is the output of the Boolean indexing applied
2 e

on the array.

I

a

tion

The output of the Boolean indexing: [34 10]
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(i1) Using where() Method:’ The where() methodl is :Hn_/:__
s Used o

clements from an array. based on a condition given b : filte
indic " : ) given by the user, | er g
indices of the array elements that satisfy the given condition N Felupyg It
« F 1 : ! 5
Ex.: Following example shows how to filter elements in a N "
a Nup
p

y ary

using the where() method. Here, we are passing a condition

argument to the where() method and only those value that A,u B = 9) ] ay
. . ; as

tion are displayed in the output array. sausfy (hig I\ s

O_:..._.

Is

import numpy’ as np
a = np.array([34.2,10])
filtlered_array = np.where(a < = 2)
print(“The output of the where function :” fillereq
' !m_._.as

Output: The following is the output of the where functj
10N mU . '
Plieg
On

1¢ input arrays.
The output of the where function : (array([1]),)

(1) cm:_m extract() Method: The extract() method
1s that satisfy the given condition, as its name ::EM extra
; s.
Ex.: Here, we are passing an array along with the condit;
ments to the extract() function. The elements in this array t} o_a_.:o:
re expected to be extracted. ¥ that satisfy ¢
import numpy as np
a= :u.mqmwsua_u,_o:
filtered_array = np.exlraci(a < = 2, a)
print(“The output of the extract function ™ filtered
Output: The below is the output of the extract function a iu__.BS
pplied op
the

elemen Cts all
¢

as ar.
condition 2 he giv.
n

given input array.
The output of the extract function : [2]

(iv) Using delete() Mcthod: The delete()
method i
elements from a NumPy array, based on a condition wnm.mﬂ_m_w W_mma to deley;
The return value will w.n.za array after deleting the eleme uﬂ\ m:n user,
array %mn:q_am on the condition. The condition argument w o8 In the givey
method is obtained from the where() method. e will use in thi
Ex.: Here in this example, when we :
- . ) pass the in :
condition ?Em.:.na from where() method) to the am_m—“%qm« along with the
elements that satisfy the given condition are deleted method. the arm
import numpy as np .
a = np.array([34,2,10])
filtered_array = np.delete(a, np.where(a = = 2))
print(“The output of the delete function :” filtered array)
et o el _array

Python /133
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| e
: The following is the output of the delete() function.

T Outpul
The output of the delete function : [34 10]

“II.II‘II".

' Module-1V

'
]
g

write about Matrix in Numpy.

Q.1 !
ARS- Binary Operations |
erators acts on bits and performs bit by bit operation. Binary

es to create a new value.

Binary op
o_un_.m:.o: is simply a rule
Following are the functions fo

Egmmnlmza

for combining two valu

r bitwise operations available in NumPy

- —

ND operation of array

Description
Computes bitwise A

(" element
S

2 bitwise_or Computes bitwise OR operation of array el-
ements

) invert . Computes bitwise NOT

) _mm\m:_m Shifis bits of a binary representation 10 the
left

) lm_:lm:m: m._:rmm bits of binary representation to the
right ‘ .

Ex.:. # Python program explaining

# bitwise_and() function

import numpy as geek
in_numl =10
in_num2 = 11

print (“Input number] :”, in_numl)
print (“Input number2 :”, in_num2)

out_num = geek.bitwise_and(in_numl, in_num2)
print (“bitwise_and of 10 and 11 :”, out :m:c
Mathematical Functions
NumPy contains a large number of vari
: : various mathematical i
z=s_u.< Eosn_mm. standard trigonometric functions, functions f ova:o:.m.
operations, handling complex numbers, etc . e for animetie
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Let’s explore three diffi
s e ifferent types
- i ypes of math functions i
1. Trigonometric Functions At funetions in Z:.:_J:
Arithmetic Functions
Rounding Functions
1. Trigonometri ions:
o e n_. etric Functions: NumPy provides a set of
etric functions to calculate the trigonometri ‘ : standard ¢,
aent. ¢l = e ric ratios (sine, cosing
Here's a list of commonly used trigonometric functions i
ns in ZC
mPy

Computes (in radians)

(%)

(>

igo.
tan.

Trigonometric Function

sin i
no“ﬂw the sine of an angle T Ty
o cosine of an msw_o
tangent of a
) n angle
arcsi i i
ores _HNV the inverse sine
recos the inverse cosine
. )
nma_.mnvc Jthe inverse tangent
s
o
: converts an angle in radi
o g ans 1o degreg

converts ‘
s an angle in degrees to radian
s

—

Let's see the examples.
import numpy as np
# array of angles in radians
angles = np.array([0, 1, 2])
print(“Angles:”, angles)
# compute the sine of the angles
sine_values = np.sin(angles)
print(*Sine values:”, sine_values)
# compute the inverse sine of the angles
. . =
inverse_sine = np.arcsin(angles)
print(“Inverse Sine values:”, i i

output I, Inverse_sine)
Angles: [0 12]
Sine <m_=mm” (0. 0.84147098 0.90929743]
Inverse Sine values: [0. 1.57079633 nan]

In this example, the sin() i

. : ; and arcsin() functions cal
. c .
inverse sine values, respectively, for each element in the m:M“MMn e sine nd
The resulting values are in radians. R
Now let’s see the examples for degrees() and radians()

de.

b
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import numpy as np

# define an angle in radians

angle = 1.57079633
n:_:::_:_,:_m_ angle in radian:”, angle)
i convert the angle to degrees

angle degree = :ﬁ.mnmamnim:m_ﬁ
print(*Angle in degrees:”, m:m.._nan_nm_.wm_..
le back to radians

# convert the ang
= radians(a

angle_radian = np- :
«Angle in radians (after conversion):

ngle_degree)
 angle_radian)

E._.:R

Outpul
Initial ang
Angle in degrees: 90.00
radians (after conversion):
an angle in radians.

1.57079633

00001836389
1.57079633

Then we converted it to

le in radian:

Angle in
e. we first initialized
1g the degrees() function.
used radians() to conve
jons: NumPy provides

Her
arees usir
Z gimilarly, we
thmetic Funct

r the degrees back to radians.
2 wide range of arithmetic

3. Ari

.nctions 10 perform on arrays.

! Here's a list of various arithmetic functions along with their associated

c_unﬂ.m_.h:.m“
O—R_.u:c: Arithmetic Function Operator
Addition add() <
gubtraction subtract() _
Multiplication multiply() %
Division divide() /
meO:m::m:.O: UOS:N_‘: -
Modulus mod() %

ee the examples :

import numpy as np

first_array = np.array([1. 3.5, 7])
second_array = np.array([2. 4, 6, 8])

Let's s

4 using the add() function
result2 = np.add(first_array, second_array)

print(*“Using the add() function:” result2)



w. mn- - .ﬂ-—dmﬂn <ﬂ
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Output:
Using the add() function : [3 7 11 15]

example. first we created two arrays named: firg

In the above J
we used the add{) function to perform r._c_:c:_;v.;

and second_array. Then.

addition respectively.
3 Rounding Functions: We use rounding functions to round g
- [URYE

ues in an array to a specified number of decimal places. al.
re's a list of commonly used NumPy rounding functions;

He
llll\\l“ N 2
Rounding Functions Functions Dl
l|||||l|l|||l||‘
1)) round() returns the value rounded ﬁoﬁj*.nlm@/
precision Sirgg
2y floor() returns the values of array down to the N
est integer that is less than each m_n_snﬂ_r
3) ceil() wm:::m the values of array up to the e nt
integer that is greater than each ﬁm_dwzﬁ
nt
.||.|I.-.. ——Ten.

Let's see an example %
import numpy as np
qumbers = np.array([1.23456, 2.34567, 3.45678, 4.56739),

4 round the array o two decimal places

rounded_array = np.round(numbers, 2)

print(rounded_array)
# Output: [1.23 2.35 3.46 4.57]
Im.a. we :.mna the round() function to round the values of array num-
bers. Notice the line,
np.round(numbers, 2)
We've given two arguments to the round() function.
(i)  numbers : the array whose values are to be rounded
(i) 2 : denotes the number of decimal places to which the array is roungeg
Now, let's see the example of other NumPy rounding functions.
import numpy as np
arrayl = np.array([1.23456, 2.34567, 3.45678, 4.56789))
print(“Array after floor():”, np.floor(arrayl))
print(“Array after ceil():", np.ceil(array1))

A 4 i |
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Output:

Array alter floor(): [1.2.3.4.]
Array afler ceil(): [2. 3. 4. 5.]
In the above example, the floor() function
Jown to the nearest integer that is less tha

Whereas. the ceil() function rounds th
qual to cac

: tions )
m,ﬂﬂ-.-n “::ﬂ ﬁnnOﬂ_Nn

i rfo
The following functions are used to ﬂnu\ -y They ar
Lions for arrays of dtype numpy.string_ _oﬂ ::..:m:. i beai
ng functions in Python's built-

Description

e values
h element.

est integer that is greater than or €
pera-

d string ©
e pased on

the standard stri

tenation

\\I\E Returns element-wise string conca
( 2dd0 for two arrays of siT or Unicode e
) multiplyO Returns the string ,w::_ multip
- ; concatenation, element-wis€ . e
. enter() Returns a copy of the given string s::._. cle
@ ° ments centered in a strl g of specified
length ) -
nmv:mznac Returns a copy o_..:._o. string with only the
) first character capitalized
title() Returns the element-wise title cased ver-
(53 sion of the string or unicode
jower() Returns an array with the elements con-

verted to lowercase
Returns an array with the element
verted to uppercase
Returns a list of the words in the string,

(1) upper() s con-

split()

® P using separator delimiter

9) m_u::_.:nmC WmEGm a list of the lines in the element,
breaking at the line boundaries .

(1) strip() Returns a copy with the leading and trailing
characters removed

(1) join() Returns a string which is the concatenation

of the strings in the sequence

Returns a copy of the string with all occur-
rences of substring replaced by the new
string

(12) replace()
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Calls str.decode element-wise
Calls str.encode clement-wise

(13)
(14)

decode()
encode()
These functions are defined in character array class numpy.char) T
older Numarray package contained chararray class. The above _..,::..:c._: _f
numpy .char class are useful in performing vectorized string operations I
NumPy Matrix Multiplication in Python
Multiplication of matrix is an operation which produces a sing|e I
by taking two matrices as input and multiplying rows of the first marriy
column of the second matrix. Note that we have to ensure that the nyy,
rows in the first matrix should be equal to the number of columns in

._.2—_.;
to the
”uo_. O—,
€ o0
ond malrix. C.

__A_s:.._w. 7.:.:1:3:0:—

1] 2] 3 511216
3|4 S %ﬂ 511617
76| 4 7116\ 4
Matrix A Matrix B

31| 32} 32

70 || 60 || 66

93 || 74 |[100

Result Matrix

In Python, the process of matrix multiplication using NumPy is Know,
as vectorization. The main objective of vectorization is to remove or Sa:nm
the loops which we were using explicitly. By reducing *for’ loops from pro
grams gives faster computation. The build-in package NumPy is used for p,
nipulation and array-processing.

These are three methods through which we can perform numpy mayriy
multiplication.
I First is the use of multiply() function, which perform element-wijse

multiplication of the matrix.
2. Second is the use of matmul() function, which performs the matrix prod-

uct of two arrays.

\
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dot product of two
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Last is the usc of the dot() function. which performs

31
arrays.
Ex. I: Element-wise matrix multiplication
import numpy as np I
7]).n
array| :?.:.EZ:_.N..:._Fm.a_._q.m.____ N in=3)
array2 _S.m:‘&:_e.m..:.?.mh_.,mw.... .
result = :u..:___:nf.,:._.nw_.E._‘S?
result
In the above code )
i i lias name np- ) .
(i) We have imported numpy s:w: N_.._._m%m sing numpy.array() ot with
i , :
(i1) We have created an array | an
dimension 3. ] ;
(iii) We have created a variable result and assigned the returned value o
np.multiply() function. ) .
iv) We have passed both the array array | and array2 in np-multiply()
. Lastly, we tried to print the.value of Sm._dm::. . _
(v) {n the output, a three-dimensional Sm_:.x Jmm vnnz shown w omw,_w e mn_
{s are the result of the element-wise multiplication of both arrayl an
ents
““Ev\m elements.
OQutput:

array([[[ 9. 16, 21),
[24, 25, 24].
[21, 16, 911D
Ex. 2t Matrix product
jmport numpy as np

arrayl = :n.m_.acg:_.N.&.T.ME.:.m.c:,:aa_: =3)
array2 = :ﬁ.mqmi:o.m.d.a.m.&:u,m,_:,zn__._.:: =3)
result = :n.Em::::m_.Ew_.mﬂmu\mv
result

Output:

array([[[ 30. 24, 18],
[84, 69, 54],
[138, 114, 90]1))

In the above code .
We have imported numpy with alias name np.
We have created array! and array2 using numpy.array() function with

dimension 3.
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(iii)  We have created a variable result and assi
np.matmul() function. ssigedIhe o
(iv)  We have passed both the array
(v)  Lastly, we tri i e SLE AITRER n o
y, we tried to print the value of the resylt
In the output, a three-dimensional matrix :mm.c
ments are the product of both arrayl and : een shown
array? elements hose
Ex. 3: Dot product . ele.
These are the following specifications for numpy g .
(i) When both aand b are 1-D (one dimensional) mvw. ot: - _
of two vectors (without complex conjugation) Tays — Inner Prog
(i) When both a and b are 2 Hal
multiplication
(iii) Wheneitheraorb is 0-D (also known as
as
numpy.multiply (a, b) ora * b. Ealar) <5 M
fiy) WhenaisanN-Darrayandbisal-Da
Ira
last axis of aand b. ¥ = S
)  WhenaisanN-D array and b is an M-D array provided
Sum product over the last axis of a and the second-t s
Also, dot(a, B[ Jom] = SUmGafig:] * blkoml)
import numpy as np . _
array| = np.array([[1,2,3,[4,5,6],[7,8.9]],ndmin =3
> =3
array2 = np.array([[9.8,7],(6,5.4 1,32, 1]],ndmin=3
result= np.dot(arrayl,array2) )
result
In the above code
(i) We have imported numpy with alias name np.
(ii)  We have created array | and array2 using num
dimension 3. & numpy- array() Runction wigp
(iii)  We have created a variable result and assi ‘
gned the
np.dot() function. returned value of th,
(iv) We have passed both the array arrayl and array2 in np.dot()
(v)  Lastly, we tried to print the value of the result. .
In the output, a three-dimensional matrix ha
, s bee
elements are the dot product of both arrayl and array2 n_oEM=M:o<<= whose
Output: .
array([[[[ 30, 24, 18]},
([ 84, 69, 54]],

- d-—.-m-.n_ <ﬂﬂ
r

clurned Valye

c_.::.

U.BE:.E_C

-D (two amamsmmc:m: m:..mva
= M
m::x
ultiply by usiy,
g
Product Overyp,
e

last axis of _u,/v

[}
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(1138, 114, 90)))))

NumPy Matrix Library

2:::%.8:_&:“ a matrix library, i.e. numpy.matlib whic
onfi ure matrices instead of ndarray objects.
numpy.matlib.empty() function
This function is used to return a new matrix with the unini
The syntax to usc this function is given below.
numpy.matlib.empty(shape, dtypc- order)
It accepts the following parameter.
(1) shape: It is the tuple defining the sha

(2) dtype: It is the data type of the matrix.
(3) order: It is the insertion order of the matrix.

Consider the following example.
Ex.: import numpy as np
import numpy.matlib
print(numpy.matlib.empty((3.3)))

tialized entries.

pe of the matrix.

ie.CorF.

OQutput:
[16.90262230e-310 6.90262230e-310 6.90262304e-310]

E.commmmcnm-w 10 6.90261674e-310 6.90261552e-31 0]
[6.90261326e-310 6.9026231 le-310 3.95252517e-322]]
y.matlib.zeros() function: This function is used to create the

() nump . -
entries are initialized to zero.

< where the
Consider the following, example:

Ex.: importnumpy as np
import numpy.matlib
tl::::33.EE_E,NmBm:Puv:

O::.::.“
[[0.0.0.]
[0.0.0.]
[0.0.0.]
[0.0.0.]]

(ii) umpy-matlib.ones() function: This function returns a matrix with

all the elements initialized to 1.

Consider the following example :

Ex.: import numpy asnp

. import numpy.matlib

:._E.l

h is used 1o M

|
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print(numpy.matlib.ones((2,2
Qutput: S

(.

(vl

(iii) numpy. matlib.cye() f
, Y. .€) unction: This functi
the diagonal e 2 This function returns a matrix
g clements initialized o | and zero elsewhere, The ...S:_.:__.x With
: ) syntax o
Use

this function is given below.
numpy.matlib.cye(n, m. k, diype)
It accepts the following parameters,
1. n: It represents the number of rows in the result i
m: :.?.ﬁ:...mn:; the number of columns, def: -
k: It is the index of diagonal. defaults ton.
4 dtype: It is the data type of the output
Consider the following example:
Ex.: import numpy as np
import numpy.matlib *
print(numpy.matlib.eye(n =
OQutput: P eye(n =3, M =3 k =0, dtype = int))
[[100]
[010]
[0o1]]
(iv) numpy.matlib.identity() function: This function is used
e

an identity Em:.? of the given size. An identity matrix i
elements initializes to 1 and all other elements to z et
ero. :

Consider the following example.
Ex.: import numpy as np
import numpy.matlib .
O:E:m::z::BE.:S:,_u._am_::ﬁu, dtype = int))
[[10000]
[01000]
[(00100]
[00010]
[oo00 I]]
(v) ::53...:2:?3:._ function: This f iAn
matrix where all the entries maﬁw::_w_np_N_Mﬁ__..Eﬁw“,_m_.m__.”mwﬁ_%” _w used to generate
Consider the following example : e

rJ

s

to retum
Q.mﬂO:m_ |

s & Visu. wirirr 7 P

Data Analysi

import numpy as np
import numpy.matlib

?_,:::E.:E\_E::.i.:‘_:aa.u )

Outpul: 684
([0.86201511 0.86980769 0.06704
&‘wé&s‘uﬂu _

S.m:mﬁ:ma 0.53814098 0.84. T 1051]
pi ¥ -
_c‘mma.:r; 0.8146121 0.357 uqmn&a P
Addition of TW® MatriCr s of 7
we use operator 10 add nc_._d:naup__:w
c u
BPEEER as np
import numpy
A= np.array([ 2. 4], [5 -6]1D
B = :n.m:.va:o. -3]. [3- 61D B
c=A+B # element wise addition
_ulszﬁv
Qutput: .
[ 1]
(8 01]
Subtracting Matrices I
i c
For subtracting {wo matrices. W€ will use the m:G:‘mEC un
NumPy which will subtract the two matrices and return the result.
um
>_mo.‘=_:= . .
m to understand how to use this function.

,,

|

, the algorith

Follov .
Import NumPy into the program

Step 1t ] .
Step 2¢ Declare matrix 1 and give values
Step 3¢ Declare matrix 2 and give values
Step 4 Call the subtract() function

print the result

Step 5:
subtract two matrices:

Program 10
gsubtract two matrices

import numpy

4 matrix |
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A=L11.2,3],13.4.51. (6. 7. 81
# matrix 2

_w..._ [5.6. 7). 11:2,3].15: 5. 8] ]
print(“Result:")

print(humpy subtrac
Output: py.subtraci(A, B))

Result:
(4 -4 -4
[222]
[140]]
Vector multj .<0.0»O-. Multiplication
(i) S wltiplication can be performed in thre
(i) Scalar Multiplication ¢ ways:
(11)
o Dot Product Multiplication
MBmm Product Multiplication
ot() productof v
o calculate vectors: In Python,
late the dot product of two <M22 nv_\.w.._ campuse IENpYdot funcy
In this. we h ays: o
- ave taken 1w
duct usi 1 lwo complex vect |
sing the numpy.dot() _.:_,np,_o:ﬁ ors and calculated thejy g
import numpy as np '
vector X = 5 + 2j

vector_y =2 + 3j
u...oa:ﬁ = np.dot(vector_x, vector_y)
print(*Dot Product :™, product)
Output of the above code:
Dot Product : (4 + 19j)

In Python 3.5
.5 and later, y ;
dot product: r. you can also use the (@ operalor to calculate )
I

In[]: -

import numpy as np

I

v = np.array([2.1]})
s = np.array([-3.2])
Q =V @ [

print (d)

T

Data Analysis & Visu. with Python
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pot product of two arrays
Python provides the numpy.dol() function to return the dot

[wo arrays.

2:..:3\ is the fundamental package for scientific compuling with
python. It is a highly optimised library for numerical oppfe ey Tesiry, and
of NumPy makes the task ecasier. Several jibraries. 1K€ Opens SR
Matplotlib are available.

Syntax of numpy.dot()

“:.occn_ ol

ys should be 1-D or 2-D.

numpy.dot(x,
o

T Here, x and y are tW D 1iDa
e out i t { argument or I~ o et
ut is the output 21 x and ¥ If both the arrays ‘x’ and “y" are |-D arrays.

dot pro m.
the %o_ﬁnwﬂﬁ_:mmwﬁonmmﬂﬁw:,m the inner product of <mn83.m:a nnESmu mnm_u_‘. .:.
poth the arrays X’ and 'y’ are 2-D arrays, the dot() ?:,n.:o: _um.nm:.:_m. the matrix
multiplication. If*x’isan Z-&Bn:mmo:m_ arrayand 'y’ isa _-Q_a._n_.dm_o:m_ array.
then the dot() function performs the sum-product over the last axis of xm”Mn__Wm

For N-dimensional arrays. it is a sum product over the last axis of X

ond-last axis of y.
Ex.; numpy.dotQ) product of 1D array
In the given example, we have taken two numpy
sing the numpy.-dot(

and calculated their dot product t
|d be an inner product of these two Vectors.

import numpy as np
#initialize arrays

A :_u.m:,mu\ﬁm. 2,9.3])
B = np.array([6, 9.1,7D
#dot product

output = np.dot(A. B)

to be returned. [t returns a

sec
one-dimensional arrays

) function. The output

wou

I

I

v::RoEvcc

Output of the above code:

78
Ex.: numpy.dot() pro
Here is another examp

duct of 1D array
le of numpy dot product of two one-dimensional

|aays.
, import numpy.matlib

import numpy as np
x = np.array([11.23])
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y = np.array([31.25])
print(np.dot(x.y))
Output of the above code:
916
Ex.: numpy.dot() product of 2D array
Iai is an example of numpy.dot() of 2-D array. In this, we |
wo de.m_agm_o_._u_ arrays and calculated their dot product using _:.__.,.é take,,
function. The output would be a matrix multiplication of the two m_d_u___&f%_:
import numpy.matlib Uarrgy,
import numpy as np .
x = np.array([[11.23].[2.3]])
y = np.array([[31.25].[4.1]])
print(np.dot(x, y))
Output of the above code:
[[433 298]
[74 53]
Ex.: numpy.dot() product of 3D array
Here is an example of numpy.dot() of two 3-D arrays.
import numpy.matlib
import numpy as np
x = np.array([[2,4.6).[3,1,41.[8.5.3]])
y= np.array([[3.7,2],[2,4.7].13.5.1]])
print(np.dot(x, ¥))
Output of the above code :
[[32 60 38] ]
[23 45 17]
[43 91 54]]
Broadcasting with NumPy Arrays
Broadcasting in NumPy is a very use ful concept. The array size is a very
important concept when performing arithmetic operations on arrays. >:&.m
cannot always be of the same shape.
We perform the array operations on .nc_.amuo:&:m array elements
Io:nm” we c_..om,anmmn.gn mq.sm__ﬁ array along with the larger array, This is aozn.
1o achieve similar dimensions.

This functionality helps to perform arithmetic operations with ease
We use it to broadcast the arrays to convert them into similar shapes. ‘

uestion Data Analysis g
Vi
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2%
a(3x4) b(4)  Streten
4
+ 28 2] 0
a=[1,2,3,4],12,4,5, 6 110,2 : :
b= 12,4, 6,8]| i el
ing rules are applicable
The following on the arrays f, i
- jfboth the arrays do not have similar shapes, h«: ﬂ«?”aa“::ﬂ
() of lower rank with 1s. This process continyes until co_ﬂ. ._ﬂ m._._._w.wn n___“uw
S have

the sam¢ shape.
ider the arrays compatible i
we can consiC patible if they h ]
dimension Of if one of the arrays has size u..w_ ave the same length in a
ing i licable if arra i dal
proadcasting is app YS are compatible in all the dimensi
® The shape of the arrays turns out to be equivalent n.n:..n:..imwow_._”qoﬁm

) perform broadcasting.
5) The smaller array appears as i it is a copy along the dimension
( he length of each dimension is either the same or 1. .

T
| (6) @ Broadcasting array with the same shape

a = np.array([1.0, 2.0, 3.0])
b = np.array([2.0, 2.0, 2.0])
a*b
Output :
array([ 2., 4., 6.1
(b) Broadcasting an array along with a scalar value
a = np.array([1.0, 2.0, 3.0])
b=2.0
a*b
Output: .
array([ 2., 4., 6.])
In both of the above examples, we ha i o
mind the broadcasting rules. P Ve thne bioadsasting keepig in
NumPy Broadcasting in 1-D array

with the smaller dimension is then broadcasted along the larger dimension
import numpy as np .
arrl = np.array([56,78,94])

Array broadcasting when one of the array dimensions are 1. The array
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print(arrl)
am2=39§
print(arr2)
a=arrl+arr2
print(a)
Output
[S6 78 94]
A

-

[61 83 99]
Here we carry out broadcasting over the smaller array. The brogg ¢

is duc to the miss-match shape of the arrays. Ating
NumPy Broadcasting in 2-D array

One of the arrays is a 2-dimensional array. We perform _u_dmaomﬁ.
on the smaller array. L

import numpy as np

arrl = np.array(([45.90,87],(56,78,94]))

print(arrl)

arr2 =5

print(arr2)

a=arrl+arr2 .

print(a)
Output

[[45 90 87]

[56 78 94]]

5

[[50 95 92]

[61 83 99]]
Similarly we perform broadcasting on 3 or more dimensional arrays,

NumPy Broadcasting in 3-D array

We take a 3-dimensional array and broadcast along with a 1-D array.
; import numpy as np

A = np.arange(24).reshape(2,3,4)

A

A.shape

B = np.arange(4)

B

pp.shape
AB

o__._.._“.:&:__ 0.2,4, 6],
[ 4,0, 8, ._o_.
(810,12 14111012, 14, 16, 18),
—_o, 18, 20, 22],
(20,22, 24, 26]1D
Universal Functionsg
| function (or ufunc) is a function that o

lemeat, providing array broadcasting, type casting, and a varier
ard features- A ufunc, in other words, is 5 “vectorized” i_.m_uvnﬂ

of oth® function that accepts a fixed number of scalar inputs and returns a
3 calar outputs.

perates on ndarrays

=
o
=
wi
=

per of $ , o
are simple mathematical functions in the NumPy library. Numpy
2 number of universal functions that support a wide range of operations
s i functions contain standard trigonometric functions, arithmetic

v complex number handling, statistical functions, and so forth. The

. are some of the characteristics of universal functions:
n ; : . .
a__ca_qﬂmmn functions work with ndarray (N-dimensional array), which is

Z=Bn<.m array class. . .
It E.os%m n_:._nw array onn_.‘m:o:m on elements.

it provides a variety of functions such as array broadcasting, type casting,
and so on- . )

Numpy universal functions are oEnn.G in the numpy.ufunc class.

, python ?:n:.o:m can also be made universal by utilizing the from pyfunc
| |ibrary function.

when the corresponding array arithmetic operator is applied, some
ufuncs are called automatically. When two arrays are added element by
element using the *+’ operator, np.add() is called internally.

. NumPy universal functions are mathematical functions that allow
| ectorization. Vectorization refers to performing element-wise operations on
s .

NumPy Universal Functions

The universal functions in NumPy include:

_’e Trigonometric functions like sin(), cos(), and tan()

|

i) Arithmetic functions like add(), subtract(), and multiply()
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®ar
:_; Rounding functions like floor(), ceil() and around() /
(W) Aggregation functions like mean(), min(), and max().

Creation of ufunc

) To create your own ufunc, you have to define a function, like
with normal functions in Python, then you add it to your NumPy y
with the frompyfunc() method.

The frompyfunc() method takes the following arguments;
function : the name of the function.
inpats : the number of input arguments (arrays).
outputs : the number of output arrays.
Ex.: Create your own ufunc for addition:
import numpy as np

You dy

func )
_77-
iy

1.
2.
3

def myadd(x, y):
refum x+y

myadd = np.frompyfunc(myadd, 2, 1)

print(myadd({1, 2, 3, 4], [5, 6, 7, 8]))
Simple Arithmetic .
You could use arithmetic operators + — * / directly between Num

P
arrays, but this section discusses an extension of the same where we _:EM
functions that can take any array-like objects e.g. lists, tuples etc. and Perforn,

arithmetic conditionally.

Arithmetic Conditionally: means that we can define conditions Where
the arithmetic operation should happen.

Addition: The add() function sums the content of two arrays, and retyp,
the results in a new array. .

Ex.: Add the values in arrl to the values in arr2:
import numpy as np

arrl = np.array([10, 11, 12, 13, 14, 15])
arr2 =np.array([20, 21, 22, 23, 24, 25])

newarr = np.add(arrl, arr2)

print(newarr) )
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cample above will return [30 32 34 36 38 40] which is the sums of
| +M_.“N+NN elc.
! Ooo_:._n_-

R P .
e are ?.maml_w five ways of rounding off decimals in NumPy:
ere ‘

,___.%na_%

fix
; “Q::&:T.

.\ : -.—OO_.

il

= A-v ._—._-:

ation: Remove the decimals, and return the float number
ﬂ 5§ .
=Cmm the trunc() and fix() functions.
1 nmﬂr:nmﬁ elements of following array:
. nort nUMpY as np
_mﬂnn :_u.:.:soz-u;mmm, 3.6667])
print(arr) .
. Same example, using fix():
£ jmport numpy as np
arr = :ﬁ.mxﬁm-u._mmm. 3.6667))

i —-—lv - . -
n_._““m_mn. The around() function increments preceding digit or
un : .
f> =5 else do nothing. .
off to 1 decimal point, 3.16666 is 3.2

(ii) Ro
abby 11
=._ .W. ﬂOr_SQ

Ex:

ol

{

Round off 3.1666 to 2 decimal places:

import numpy as np
arr = :n.mﬂocsa@._m@o, 2)

print(arr)
Floor ) s
The floor() function rounds off decimal to nearest lower integer.

floor of 3.166 is 3. .
Floor the elements of following array:

import numpy as np

arr = np.floor([-3.1666, 3.6667))

print(arr) o
Ceil: The ceil() function rounds off decimal to nearest upper integer.

E.g.
Ex.:




152 / Computer Science

L.g. ceil of 3.166 is 4.
Ex.: Ceil the elements of following array:
import numpy as np
arr = np.ceil([-3.1660. 3.6667])
v_.:._:u_i
Trigonometric Functions
NumPy provides the ufuncs sin(), cos() and tan() thay (,

roduce the corresponding sin. cos and tan values ke

radians and p
Ex.: Trigonometric Functions

import numpy as np
¢ array of angles In radians
angles = np.array([0. I, 2D
v:::..>=m_mm”... angles)

# compute the sine of the angles
sine_values = np.sin(angles)
print("Sine values:”, sine_values)
# compute the inverse sine of the angles
inverse_sine = np.arcsin(angles)
print(*Inverse Sine values:”, inverse_sine)
Output :
Angles: [0 12]
Sine values: [0. 0.84147098 0.90929743)
Inverse Sine values: [0. 1.57079633 nan)
In this nw.ma_u_m.. we have used universal functions sin() ang
compute the sine and inverse sine values respectively. a

When we perform the sin() function to the array angleg
wise operation is performed to entire elements of the m_.Sav. +:m_.=
- This

resin) 1,

n_nsm:_.

vectorization. IS calleg

Hyperbolic Functions
Hyperbolic functions are analogs of trigo : :
based c:zﬂvﬁm&o_mw instead of n.:n_mw. zcav.w “w%\wmmm MHM n_“qo:w that are
nmm__c and tanh() that take values in radians and produce the no”wow
sinh, cosh and tanh values. €sp
Ex.: Find sinh value of P1/2:
import numpy as np
x = np.sinh(np.pi/2)

sinh),
o:a_:m

Data Analysis &
Vi "
———— 17 Python /183
u:_:cc

i find cosh values for all of the values in arr-
jmport numpy as np
are = :n.E._.mw::n.E._N. np.pi/3, np.pi/4, np.pils |y
« = :?nomim..c
n_.:__cc

g bzc_on Sl

fin ﬂ:&:m angles ,moa values of hyperbolic sine, cos, tan. E.g sinh, cosh
o erse (arcsinh, arccosh, arctanh).

mpy nqosn_nm ufuncs arcsinh(), arccosh() and arctanh() that produce

z::& for corresponding sinh, cosh and tanh values given. .

g Find the angle of 1.0:
jmport numpy as np

= :ﬁ.mﬂnmm:_,c .0)

X
print(x)
¢ Function® L . . L
S A set in mathematics IS a collection of unique elements. Sets are used
vn_.m:o:m involving frequent intersection, union and difference operations.
o 2
for® Create Sets in NumPy .
We can use NumPy’s unique() method to find unique elements from
y arTaY- E.g. create a set array, but remember that the set arrays should only
. )
be 1-D arrays- . .
Ex.: Convert following array with repeated elements to a set:

import numpy as np
arr = np.array([1, 1, 1, 2,3,4.5,5,6,7))
X = :v.::i:m@qv
print(x) , .
(1) Finding Union: To find the unique values of two arrays, use ‘the
union1d0) method.
Ex.: Find union of the following two set arrays:
import numpy as np
arrl = np.array([1, 2, 3, 4])
arr2 = np.array([3, 4, 5, 6])
newarr = np.unionld(arrl, arr2)
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; You,
print(newarr) /

va..m-.&..n_._zw..uqn:o:"d.o:_a cz_w_:a,\m_:cm:s::d Pre
both arrays. use the intersect1d() method. o

n 5
Ex.: Find intersection of the following two set arrays;
import numpy as np
arrl = np.arvay((1. 2. 3, 4])
a2 = np.array((3. 4. 5, 6])

newarr = np.intersectld(arrl, arr2, assume ::5__?,_,:_ )
- ¢

print(newarr)

Note: the intersectid() method takes an optional g
issume_unique, which if set to True can speed up computation. It m:oiam: Mep,
ne set to True when dealing with sets. Alway,

(3) Finding Difference: To find only the values in the fi
10t present in the seconds set, use the setdiff1d() method.

Ex.: Find the difference of the setl from set2:
import numpy as np
set] = np.array([1, 2, 3, 4])
set2 = np.array([3, 4, 5, 6)])

st set thay i

newarr = np.setdiffid(setl, set2, assume_unique=Trye)

print(newarr)
Note: the setdiff1d() method takes an optional argument assume uniqu
which if set to True can speed up computation. It should always be mmﬂs %EM,

when dealing with sets.

(4) Finding Symmetric Difference: To find only the values thy are
not present in both sets, use the setxorld() method.

Ex.: Find the symmetric difference of the setl and set2:
import numpy as np

set] = np.array([1, 2, 3, 4])
set2 = np.array([3, 4, 5, 6])

newarr = np.setxorld(setl, set2, assume_unique=True)

u_.:.::._m?mi
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Module-V |

.'-II‘----I-'..-.I‘

m————

| write about Matplotlib in Python,

] Q._ _Su%_o_:c is an open-source 2D plotting library that helps in visualiz-
| Ans: ureS. Matplotlib is used in Python as it is a robust, free and easy library

in8 fig <mmcm:§=o:. It is easy to learn and understand. . .
for dat? tplotlib library is used for creating static, animated and interactive
”_M_M_. figures in Python. .

N_u.v_o lotlib is the most popular plotting library for Python. It gives us

z_m:“ every aspect of a figure. It supports interactive and non-interac-
| %::a_ ove and can save images in several output formats (PNG, PS and oth-
_ (ive u_aa_am Ily written by J.D. Hunter and is actively being developed by

jgina ;
ofS): :zimmmwm_moasc::@. [t is distributed under a BSD-Style Licence.
|-fle

| ful otlib is the Python package/library used to create 2D graphs and

Ku% thon scripts. Pyplot is a module in Matplotlib which supports a
s using 3.\@3\ of graphs and _u_omm‘ namely histogram, bar charts, pie charts,
wide vari —ror charts, etc. It is used along with NumPy library to provide
%in-%mn:”_ - 1 COUTCE alternative environment for MatLab. _S.Erm_u isa vﬁ.
meffective i ming platform, designed specifically for engineers and sci-

%os_. which allows the most natural expression of computational mathemat-
ﬁ_._mmmﬂm.

plt
very

' M: Matplotlib is a Python 2D plotting library for creating publica-

lity figures. Pyplot is a module of matplotlib library (of Python) con-

%..n_w_wﬁ_v_u_\n nm.o: of methods which allows a user to create 2D plots and graphs
_:__w_.um:a interactively. o . . .
pyplot provides the state-machine _Ew%mmo.ﬁo the plotting .___,.._.NQ in
tlib. It means that figures and axes are _Sn_az._w and mEoBm:n.m:% cre-
achieve the desired plot. For example, calling plot() function J.c.:

lot module will automatically create the necessary figure and axes to wn_.:né
| MW desired plot. The pyplot interface is generally preferred for non-interac-
| jive plotting (i.€., scripting).
| Each pyplot function makes some n:msmmm to a mmcq.n, _m_mn oawnsm a
' figure, creating a plotting area in a figure, plotting some lines in a plotting
' uea, decorating the plot with labels, etc.

{5
,:
P2

easi

| Matplo

CTM: A plot is a graphical representation technique for representing a
' (ata set, usually as a graph, showing the relationship between two or more
| variables.

| ) .
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‘/ag-

Another library which helps in the process of plotting graphs, |

. .. . . - n i
using pyplot is NumPy. NumPy stands for Numerical Python. Nump,, 1A
core library for scientitic computing in Python, It provides a high-p > the

2 3 1 Crf,
ance mulidimensional array object and tools for working with these ar for
"

M.
:vf.

Using NumPy, a &a,.c_c_#._. can perform the _.o__oim:m o—ucﬂ_:o:n.

(i) Mathematical and logical operations on arrays.
(1)  Fourier transforms and routines for shape manipulation.

(1) Operations related to lincar algebra, NumPy

has in-built funcg;
2 cty
linear algebra and random number generation ons fo,

We can install NumPy using the popular Python package insta]|e,

Type the following command at the command prompt: > Pip.
> C:\pip install numpy
NumPy will get installed onto your system and will be ready to be u
Installing Matplotlib s

Before we start plotting graphs in Matplotlib, it needs to be ingy
first. For the installation of Matplotlib, follow the steps listed bel leg

ow:

Step 1: Open cmd (command prompt) and run command
Administrator.

Step 2: Type cd\ to move to the root directory.

Step 3: Type: pip install matplotlib (with internet connection) as
in the given window.

Note: Please ensure that the system has Python Shell installed b
installing Matplotlib library.

Step 4: Installation of Matplotlib will start.

After the installation is successfully completed on the system, an ap-
propriate message shall be displayed in the window.
After the successful installation of the above Library package
(=]

AZmﬁ_o:mS.smnmzﬁ_o:mlo:mQuomoﬁmqmn:mmsvﬁzo:mrm: using pyplot
methods. : . )

Q.2 Write about Drawing Plots in Python.

Ans. Basic Nomenclature of a Plot

Pyplot module of Matplotlib contains a collection of functions that can
be used to work on a plot. The plot() function of the pyplot module is used to
create a figure. A figure is the overall window where the outputs of pyplot

functions are plotted. A figure contains a plotting area, legend, axis labels
ticks, title, etc., as explained. _

prompt as 5,

:osﬁ

cfore
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FIGURF,

YLABEL — AXES SITLE | voEnD
00 4 Scores by PLAYER }
& SACHIN
8 ! B RAHUL

I-l"

/ﬂ-

40 |
7 B
e

X-axis
XLABEL

Plotted data

(i)
(iv)

.\.\\\-‘I

Fig. 1: Basic Components of a Graph/Chart
A Zmﬁ_o.:_u figure can be categorized into several parts as below:

- oure: It is the outermost area which may contain one or more .:.m:
ﬂ_n.:.xm.nv (plots/subplots). You can think of a Figure as a canvas which
o””M,:m plots, legend, axis labels, ticks, title, etc. )
: es: It is what we generally think of as a plot. A figure can 8.:55
_ﬂwa\. axes. It contains two or three (in the case of 3D) axis objects.
Each axis has a title, an x-label and a y-label. .

Axis: They are number line-like objects and take care of generating the

imits.

anm_mgﬁ__mé_‘ﬁ:m:m which one can see o:.:_n figure is m:.m_.:ﬂ :rw Text
, objects, Line2D objects, collection objects. Most artists are tied to

axes. ‘ o

Labels: To manage the axes dimensions of a plot, mzon._.nq important

piece of information to add to a plot is :x." axes labels, since they usu-

ally specify what kind of data we are plotting. .

Title: Just like in a book or a paper, the title of a graph mmmn:dnw what

it is. Matplotlib provides a simple function, plt.title(), to add a title to

an image. |

Legend: Legends are used to explain different sets of data plotted in

different colors or marks in the chart.
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<o
.. . n-
?:;:.n_ra::arm. _ave_m:“_:o_..,___nn::n:_:nr 35:3.3

the X-axis. Abelq of

(ix)
the Y-axis.
Visualization in Pandas-Plot() Function
As Pandas is Python's popular data analysis library, it provides
different functions to visualize our data with the help of the .ploi() E.
This function directly creates the plot for the data set. Here, we pjg,

yticks([ticks, labels]): It scts the current tick locations ang lab _
Clg
S of

CVery)
Netig,,

using DataFrame’'s values as coordinates. However, starting from versigp, cm_ e
Pandas objects Series and DataFrame come equipped with their owy, ._Ho‘
methods. This plot() method is just a simple wrapper around the u_o:u,_w_o_:
tion of pyplot. ung.

The plot() method of Pandas accepts a considerable number of
ments that can be used to plot a varicty of graphs. It allows customizing %HF
ent plot types by supplying the kind keyword arguments. The type of Eo“:mr
want to render can be specified by passing the “kind” parameter to the « Yoy
function. The “kind™ parameter takes in the name of the plot. Plop

Its syntax is:

df plot(kind)

where kind accepts a string indicating the type of plot.

Therefore, for a line plot as an example, df.plot(kind="line’) wjj, b
same as dfplot.line(). . ¢

Plotting methods allow a handful of plot styles other than the defay)
line plot. These methods can be provided as the kind keyword argumen; ﬁ.
plot(), Table 1 lists the various types of plots that can be passed as an mam_m
ment: d

Table 1: Different Arguments provided with ‘kind’ for different plo

kind = Plot type -
line Line plot (By default)y
bar Vertical bar plot

barh Horizontal bar plot

hist Histogram

box Boxplot

pie Pie plot

scatter Scatter plot

area

Area plot

!
i
m
i

!

}
1
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g8
we shall be using this plot() method in the subsequent sections for

ing yarious types of charts/plots using Matplotlib and Pandas DataFrame.
—.—:s Line v_o..\n:mn is a type of plot which displays information as a series
1 points called “markers” connected by straight lines. In this type of plot,
ofde ed the measurement points to be ordered (typically by their X-axis val-
WE :n.—._:m type of plot is often used to visualize a trend in data over intervals of
ues) a time series. .
(ime The line chart is _..n_:.nmn:_na by a series of data points connected by a
( line. Generally, line charts are used to display trends over time. A line
¢ line m_.mn_._ can be created using the plot() function available in pyplot
We can not only just plot a line but also explicitly define the grid. the
ao&__n. | Y-axis scale and labels, title and display options.

jis syntax is: ;
<matplotlib.pyplot>.plot (x-axis, y-axis, color. linewidth or Iw,

linestyle or Is, marker, markersize, markeredgecolor)

MMM_W. Y-axis Points on X & Y axis in a form of sequence such
as list, Series, etc.

Color of line. Should be a valid color identified by
pyplot.

Width of line in points (float value)

color

inewidth or 1w

linestyle or Is Style of the line (Solid line, dashed line, etc.)

marker A symbol denoting the marker style such as ‘0.
R T (o

markersize Marker size in points (float value)

Color or marker. Should be a valid color identi-
fied by pyplot.
To make a line plot with Matplotlib, we call plt.plot(). The first argu-
ent is used for the data on the horizontal axis and the second is used for the
Mw_m on the vertical axis. This function generates your plot but it does not dis-
play it. To display the plot, we need to call the plt.show() function.

markers and Line Styles .
In the Practical Implementation examples that we are going to imple-
ment in successive sub-topics, all the plots are made of points with lines join-
ing them. The points are the pairs (X, y) from the X and Y input lists we pass to
plot(); lines are the straight segments connecting any two adjacent points.

markeredgecolor

Points are almost invisible, if not for the edges in the graph. However,
they are the real generators of the plot because points mark positions. As a

:
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result, they are called markers in Matplotlib rerminology. A mark,
symbol that represents a data value in a line chart or a scatter plot,

By default. Matplothiby draws markers as a single dotand lines 4 Slrg;
thin segments; there are situations where we would like to change ek
marker style (to clearly identify them in the plot) o the line style _.,_f_

shows a list of markers along with their corresponding symbols any dege,, ©

I
s m__(

tion.
Table 2: Matplotlib Markers with Symbols

Description

Marker Symbol

. point T
e pixel

o e circle

o v triangle_down
. A triangle_up
“ < triangle_lcft
wr > triangle_right
- J\ tri_down

ay % tri_up

e I.A tri_left

g V.I tri_right

g Py octagon

e ] square

- P pentagon

p + plus (filled)
wa #* start

4 PY hexagon 1|
“ ® hexagon 2
wpm + plus

" 5 X

e % x (filled)

“p” ¢ diamond

“d * thin_diamond

M n_mc—_ as

%&:niu.

!
]
}
i

U canpitp!
|58 0

[ call PILY

nter®
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_ vline
hline

M: A ::.n chart or line graph is a type of chart which displays
a series of data points called ‘markers’ connected by sicaight

il

In order 10 draw a line plot, the steps to be followed are as under

m_a_-u"

_Bvcnmsm pyplot module from Matplotlib library.

ot(x. y. color, others) function to plot y versus x as lines and/
r —Ss_._nn—.m.

u:.x_mdn:.)\o:_. Text”) to set the X-axis label of the current axes.
Jabel(*Your Text") to set the Y-axis label of the current axes
(“Your Title") to set a title of the current axes. .

call

_u_ﬂ.mo_l::m
call u__.m_gos.c to display a figure.
- ctive Navigation Toolbar
en using matplotlib.pyplot, the toolbar is enabled by default for every
ovides basic elaboration and manipulation functions for interactive

call

wh

t pr o « =
H,‘_m_:.m.:_ M. the bottom of the window. we can find the navigation toolbar. A
ﬁ_azuwmc: of each of its buttons (from left to right) follows:
| es© lot area, we have a few options displayed at the bottom-

Apart from the p
of the window.

Bl FRE

| @ Reset Original Window: We can resize the plot window as per

| our re

|
{
|

urrent View.

M
|

quirement. [t can be reset to the original window size using this option.

_Au Back to Previous View: It takes us to the previous view from the

_nv Forward to Next View: It takes us to the next view from the

current view.

[

ay section of the plotted figure.

Pan Axis with Left Mouse, Zoom with Right: Used to zoom

|
L
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. 4—::_ Ye
LT}

W ”-_”__»..__M,_” ﬂ“,_u__” leR mouse button and hold it to pan the fgure, dry
sthion. Once you are happy with the position ¢

mouse button. While panning. if we press (or hold) the x or _,C.:.

the panning is limited 10 the selected avis. i the,,
() Zoom: ﬁ:,f.r on the right mouse button and hold it 1o zoon) ),
dragging it to a new position. Movement to the right or .:f

generates a proportional zoom in or out of the X-axis of the fj, the

same holds truc for the up or.down movement of the Y-axig ~_,___:,

where we click the mouse remains still so that we are :Z.c :.

around a given point in the figure. The x and y keys work iy ___.ddf *on,

way. but now we can press the Curl key to preserve the aspeey { S
alg

__E_:.

lef

@ Zoom to Rectangle: Enabling this mode, we can draw 3 r,
653
Lle

on the figure (hold the lef mouse button while drawing it) and the viey,
Willy,
¢

zoomed to that rectangle.

H Configure Subplots: When we click on this button, g y; d
. Ndoy,

pops up that allows us to configure the various spaces that surround the f;
(lefi. right. up. button. between). *Bure

@ Save the Figure: This option is used to save the figure drawy,
« —O

the hard disk by giving a proper name to it. Click on this button and a save f
dialog box will pop up that allows us to save the current figure. !

This is useful because we might want to add some additio),
cuslomizations to our plot. For example, we might want to add labels (o :m_
axis and title for the plot. e
Multiple Plots

If we want to plot multiple lines in one chart, we can simply calj
plot() function multiple times. ¢
Multiple Views

In case we want to display multiple charts in the same window, we ¢qp
use the subplot() function. :

le

arange()

One more function that we have used in the above code is arange(). The
z:.:@ arange() function (sometimes called np.arange) is a tool for creatiny
numeric sequences in Python. It returns evenly spaced numeric values wil :_”
an interval. stored as a NumPy array or we can say a list (i.e., an ndarray object).

B

P st —

(i)

g will use th

sieps of 2

The data type

The function name (optional)
4 : }
:?m_,s:mn ([ start, | stop [, step, | [. dtype | )
1 1 1
The start of Theend The “step”
the interval of the between values
Ao_g:onm: interval  (optional)
Heré-
qart ﬂon:ozm_v o
The start parameter indicates the beginning value of the range.
This ﬁmqm_sﬁmq is optional, so if you omit it, it will automatically default
to 0- _
stop (required) o
he stop parameter indicates the end of the range. Keep in mind that
“_.._8 all Python indexing, this value will not be included in the resulting
i
range:
step (optional)
The step parameter specifies the spacing between values in the sequence.
This parameter is optional. If you don’t specify a step value, by default.

he step value will be |.

dtype (optional)
The dtype parameter specifies the data type.

For example, to create a range of values from 0 to 8. in increments of 2
e start position of 0 and a stop position of 8. To increment in
5 we will set the step parameter to 2. Hence, the statement shall be:

np.arange(start = 0, stop = 8, step =2)

This command shall create a sequence of numbers as shown:

[0]2]4]6]

The last value should be 8 but as per the syntax it is to be excluded and

ience. 6 will be taken as the last number to be displayed for the given range.

™
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We have alrcady seen that in a multiline plot. Matplotlib ity
choases different colors for different lines. We are also fiee to ¢y
by ourselves. Matplotlib provides ditferent styles, width E._a colorg g,
we are plotting.

Q.3 Writc about Data Visualization with Matplotlib in Pytho,
Ans. Data Visualization is the process of presenting data in the fory, :.
or charts. It helps to understand large and complex amounts of data very

It allows the decision-makers to make decisions very efficiently and alsy Casjy,
them in identifying new trends and patterns very easily. Itis also usegy iRy
level data analysis for Machine Learning and Exploratory Data Analyg; Ad hig),.

at
ﬁo_ ,

r __;.,.7.“

T . ; < 8
Data visualization can be done with various tools like Tableau, Power v.c?_
Here. we will discuss how to visualize data with the help of the May w_ hop,

ployy;
ib

library of Python.
Matplotlib

Matplotlib is a low-level library of Python which is useq g,
visualization. It is easy to use and emulates MATLAB like grapl
visualization. This library is built on the top of NumPy arrays and ¢,
several plots like line chart, bar chart, histogram, etc. It provides
flexibility but at the cost of writing more code.
Pyplot

Pyplot is a Matplotlib module that provides a MATLAB-like interf,
Matplotlib is designed to be as usable as MATLAB, with the ability cnm_
Python and the advantage of being free and open-source. Each pyplot E:nzwn
makes some change to a figure: e.g., creates a figure, creates a plotting arey ::
a figure. plots some lines in a plotting area, decorates the plot with labels, m_od
The various plots we can utilize using Pyplot are Line Plot, Histogram, mom:a_,_
3D Plot. Image, Contour, and Polar. ‘

Most of the Matplotlib utilities lies under the pyplot submodule, ang
are usually imported under the pit alias:

import matplotlib.pyplot as plt

Now the Pyplot package can be referred to as pit.

After knowing a brief about Matplotlib and pyplot let’s see how 10 crege
a simple plot.

import matplotlib.pyplot as pit

r Qm_m
s ang
NSigy of
a lo of

# initializing the data
x = [10, 20, 30, 40]

r ]
Brap,
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y = [20. 25. 35, 55

i plotting the data
n_r_u_c:x. y)

_.__.m_ésc

551
50

| &m;

40 1
I 354
30+
251

NQA 5 T T T T d
10 15 20 25 30 35 40

{

f

|

_ &

“ Now let see how Lo ad0d some basic elements like title, legends, labels
|

e title() method in matplotlib module is used to specify the title of
on depicted and displays the title using various attributes.

The til
<mmm‘_m—=NN:

Syntax:
Em:u_oﬁ:c.nzw_o#::m:mva_, fontdict=None, loc= ‘center’,

pad=None, ** kwargs)

Ex.: import matplotlib.pyplot as pit

# initializing the data
[10, 20, 30, 40]
[20. 25, 35, 55]

bed
I

<
Il

! # plotting the data
m plt.plot(x y)
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# Adding title to the plot J

plt.tide(*Lincar graph™)

pltshow()
Output:

Lincar graph

A

A

E523%

w
n

%

201 . . T T T
10 15 20 25 30 35 40
We can also change the appearance of the title by using the param
. Qm_.m

of this function. i
(2) Adding X label and Y Label
in layman’s terms, the X label and the Y label are the titles givep o

axis and Y-axis respectively. These can be added to the graph by s
xlabel() and ylabel() methods. e

Syntax:
matplo
**kwargs)

:E.EEQ.&%EQ_ucn_.. fontdict=None, labelpad=Nope

mat
**kwargs)

import matplotlib.pyplot as plt
# initializing the data

x = [10, 20, 30, 40]

y = [20, 25, 35, 55]

Ex:

# plotting the data
plt.plot(x, y)

# Adding title to the plot

n_o:.&.nzu_orv\_mam_Q_mcm_. fontdict=None, labelpad=Nop, Jmarkers 1
3 E.—
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- el

plt.title(“Lincar graph™, fontsize=25. color="green™)

1 Adding label on the y-axis
_,m_.w_“__vn_A.<->x_m.v

# Adding label on the x-axis
plt.xlabel(* X-Axis")

plt.show()

Output:
Linear graph
55
50
. 45
M 40
-~ 35
30
25
201 ;
10 15 20 25 30 1
S 35 .
X-Axis 4

:.3 cetting ”m:_a:m and _._.mn_a Labels

5 might have seen that Mat i .

You _uonm.:& of e Cand ¥ mzﬂ_wHH_A_U_N,MMM_.:MJ_Mm”u_a_wmm.mﬁ_m the values .u:a
3::&:«. xlim() m.:a ylim() functions are :mca_ﬂom to set :.ﬁ ‘_:d:
.axis and w-mx_m respectively. Similarly, xticks() and .mmm the _:::,m of
J to set tick labels. yticks() functions

.+ In this example, we will b Fiiver He g
__m ”.U__W _Mﬂn_m o x-wz_m. ¢ changing the limit of Y-axis and will be
f import matplotlib.pyplot as pit
# initializing the data
x = [10, 20, 30. 40]
y = [20, 25, 35, 55]

e :Eﬂrm_.mﬂ

e X
ane {ISe!

el

]

# plotting the data
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pltplot(x. y)

# Adding title to the plot o I
plt :__ﬂ,mr.:eﬁ graph”s fontsize=25, color="green™)
# Adding label on the y-axis

v__,.,_“mcn:.<->f.m.u

# Adding label on the x-axis
u:.z_man:.xﬁzmm,v

4 Setting the limit of y-axis
_u=..<:_.=8. 80) _

L |
# setting the labels of x-axis : |
. e ALY " o -

plu.xticks(x, labels=["one™, “two", three™, “four™]) #

plt.show() W
Output: _ |

" Linear graph

80
70 4 _
60
2 50 1
m..a?
> 30
20 1 _
10 4

. one two three four

X-Axis

| (4) Adding Legends .

A legend is an area describing the o_oamim. of the graph. In simple terms,
it reflects the data displayed in the graph’s Y-axis. It generally appears as the
t box containing a small sample of each color on the graph and a small description
~ Omsrmzzmamsaamsm.

l
i
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specily the coordinates of the
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anchor=(x, y) of legend() function is used to
legend, and the attribute ncol represents the
legend has. Its default value is 1.

Syntax:

Ex.:

_:..__s_c._:a.aﬁ_c.._axczg::zuae 1", "name2”)], bbox to anchor=
(x,y), ncol = 1)

import matplotlib.pyplot as plt
i initializing the data

x [10, 20, 30, 40)

y = [20, 25, 35, 55]

# plotting the data
plt.plox, y)

# Adding title to the plot

plt.title(“Linear graph”, fontsize=25. color="green™)
i~}

# Adding label on the y-axis
plt.ylabel(*Y-Axis")

# Adding label on the x-axis

-plt.xlabel(* X-Axis™)

# Setting the limit of y-axis
plt.ylim(0, 80)

N

# setting the labels of x-axis

plt.xticks(x. labels=["one”, “two™, “three” “four™))

# Adding legends
plt.legend([“GFG™])

plt.show()
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Linear graph

80 i Adding the data to be plotted
70 1
£ ax.plot(x, y)
250 1 : |
L A # Adding title to the plot
> 30 - plt.title(“Linear graph”, fontsize~ 25, color “yellow™)
20 1
10 _ # Adding label on the y-axis
i - . . _ plt.ylabel(*Y-Axis")
one two three four 7
N-Axis _ # Adding label on the x-axis

. _ plt.xlabel(* X-Axis”)
Before moving any further with Matplotlib let’s discuss some ::uo:m_: |

classes. These classes are : A
(i) Figure class: Consider the figure class as __‘.m overall Window oy | plt.ylim(0, 80)

page on which everything is drawn. It is a top-level container that containg one | )

or more axes. A figure can be created using the figure() method. , 4 setting the labels of x-axis

| plt.xticks(x, labels= [“one™, “two”, “three”, “four™])

# Setting the limit of y-axis

Syntax:
class :_w::o::u.:m:qm.ﬂm:qﬁ:mﬂumuz one, n:;uzo:a
facecolor=None, edgecolor=None. linewidth=0.0, frameop - # Adding legends
None,  subplotpars= None, tight_layout=Nope | pltlegend([“GFG™])
constrained_layout= None) _ '

Ex.. # Python program to show pyplot module
import matplotlib.pyplot as plt
from matplotlib.figure import Figure | Linear graph
# initializing the dala
x  [10,20. 30, 40] ]
y [20, 25, 35, 53]
# Creating a new figure with width =7 inches

# and height = 5 inches with face color as

plt.show()
Qutput:

# green, edgecolor as red and the line width

# of the edge as 7

fig = plt.figure(figsize =(7, 5), facecolor="g’ 14 o e
&= phTigare( = .A : ) 0 s» (ii) Axes Class: Axes class is the most basic and flexible uni
edgecolor=‘b", linewidth=7) ; boplots. A given figure | . exible unit for cre-
4 Creatine a new axes for the fie . ating sub-plots. A 5 gure may contain many axes, but a given axes
g xes for the figure only be present in one figure. The axes() function creates En% RS- can
ax = fig.add_axes([1, 1,1, 1]) | xes object.

&
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(1)
(1)
(1)
[iv)
V)

Syntax:

Just like pyplot class, axes cl
legends. limit
Adding Title : ax.scl
Adding X Label and Y label :
Sctting Limits :
Tick labels
Adding Legends @ ax.leg

Ex.:

n. width. height])
also provides methods for adding titleg

them :

axes([left, botto!
ass

<. labels, ctc. Let's see a few of

title()
ax.set xlabel(), ax.set_ylabel()
ax.set xhm() ax.set_ylim()

. ax.set xticklabels(), ax.set_yticklabels()

gend()

# Python program 10 show pyplot module.
import matplotlib.pyplot as plt

from matplotlib.figure import Figurc

initializing the data
[10, 20, 30. 40]
[20, 25, 35, 55]

It

[
ll

fig = v_rmw.._a:._mmmmm =(5,4)

# Adding the axes to the figure
ax = fig.add_axes([1, I, 1, 1D

# plotting Ist dataset to the figure
ax| = ax.plot(x,y) .

# plotting 2nd dataset to the figure

ax2 = ax.plot(y, x)

# Setting Title
ax.set_title(“Linear Graph™)

# Setting Label
ax.set_xlabel(*x-Axis™)

ax.set_ylabel(*“Y-Axis")

# Adding Legend

i

J

N on ﬂU ‘ on

ax.legend(labels = (‘Jine 1 ‘line 2°
. )

plt.showi)
Output:

Linear Graph

Axis

\,

X-Axis

Multiple Plots

We have learned i
abou .
added so that it can con ~ :6. basic components of a o
he plot functi convey more information One graph that can be
ag : s o
the p . on again and again with a differe method can be by calling
above example. Now leUs see how to ot n nt set of values as shown in :._m

and also how to plot sub-plots. Wliplegraphs using some functions
Method 1: Using the add_axes() methog
Theadd axes() method is used to add 3
oo class : axes to
Syntax:
add_axes(self, *args, **Kkwargs)
Ex.: # Python program to show B\ﬂﬂo. mod
import matplotlib.pyplot as plt ocule
from matplotlib.figure import Figure

the figure. This is a method

# initializing the data
x = [10, 20, 30, 40]
y = [20, 25. 35, 55]

# Creating a new figure with width = 5 inch
es
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# and height = 4 inches
fig = pltfigure(figsize =(5, 4))

# Creating first axes for the figure
ax1 = fig.add_axes((0-1. 0.1.0.8, 0.8])

# Creating second axes for the figure

ax2 = fig.add_axes([1. 0.1,0.8,03])

4 Adding the data to be plotted
axl.plot(x, ¥)
ax2.plot(y. x)

plt.show()
Qutput:

. 404 T
504 351

451 30+

404 254

354 "1 201

- 151

20 101 ;

10 15 20 25

To 35 40 20 25 30 35 40 45 SO 55

Method 2: Using .mc_u_u_oﬂc method.
This method adds another plot at the specified grid position in the current

figure.
Syntax:
subplot(nrows, ncols, index, **kwargs)
subplot(pos, * *kwargs)
subplot(ax)
Ex.: import matplotlib.pyplot as plt

# initializing the data

x = [10, 20, 30, 40]

y =[20, 25, 35, 55]

# Creating figure object

BNB 20 Question
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pltfigure()

- adding first subplot
pltsubplot(121)
plt.plot(x, y)

Fadding second subplot
plt.subplot(122)
plt.plou(y, x)

Output:

This function is used to create fi

same time.

551

50. 40
ol 354
40 301
354 254
304 20+
251 IS4 )
201 10-

1020 30 40 20 30 40 5o

Method 3: Using subplots() method

u .
gures and multiple sub-plots at the

wu::m::

Ex.:

matplotlib.pyplot.subplots(nrows=|
sharey=False, squeeze=True :
gridspec_kw=None, **fig_kw) '

import matplotlib.pyplot as plt

ncols=1, sharex=False.
subplot_kw=None,

# initializing the data
[10, 20, 30. 40]
[20. 25, 35. 55]

I

X

y

# Creating the ligure and subplots
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# according the argument passed

fig. axes = pltsubplots(l, 2

# plotting the data in the
# 1st subplot

axes[0].plot(x, y)

# plotting the data in the Ist
# subplot only
axes|0].plot(y, x)

# plotting the data in the 2nd

# subplot only
axes[1].plot(x. y)

Output:
551
501 504
401 45
40
30+ 35
304 :
20+ 25
10+ 204

T T T T T L) T T
10 20 30 40 50 10 20 30 40
Method 4: Using subplot2grid() method
This function creates axes object at a specified location inside a grid
and also helps in spanning the axes object across multiple rows or columns, [p
simpler words. this function is used to create multiple charts within the same
{ figure.
Syntax: ‘
Plt.subplot2grid(shape, location, rowspan, colspan)

BNB 20
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Ex.t import matplotlib_pyplot as pht

Tinitializing the data
X (10, 20, 30, 40]
y =120, 25, 35, 55)

" adding the subplots
axes! = pltsubplot2grid (
(7.1). (0. 0). rowspan = 2, calspan = 1)

axes2 = plt.subplot2grid

((7. 1). (2, 0), rowspan = 2, colspan = 1)

# plotting the data

axesl.plot(x. y)

axes2.plot(y, 5
Qutput: |

40
20

20 25 30 35 40 45 =9 =%

Different Types of Matplotlib Plots

Matplotlib supports a variety of plots includine |i
ey At ol ng line charts. bar charts,
Hitograms. &g plots, elc. 1scuss the most commonly used charts
here - . ’
Note: Some elements like axis, color are comm

’ on to each he
ements are pot specific. plot whereas

some €l
(1) Line Chart

Line chart is one of the basic plots
nction. It is used to represent a relations
Jifferent axis.
: Syntax:

:m_,sa can be created using the plot()
Ip between two data Xand Y ona
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. =True, scaley—--
lotplot(\*args. scalex d Y g,
—uv? ot
\*\*kwargs)

plot as plt

:._m:.._o_:v.
data=Nonc.

-..v.:suo: 32.,_5___‘73
# initializing the data

- [10, 20. 30. 40]

y = [20. 25. 35, 55]

”
|

# plotting the data
pltplot(x. ¥)

# Adding title to the plot
n:.EE:E:n Chart™)

# Adding label on the y-axis
n_ﬁ.u\_mvm_ﬁ,<->£mq

# Adding label on the x-axis
v:.x_mcn:.x-\»awq

plt.show()
Qutput:

Line Chart

10 15 20 25 30 35 40
X-Axis

g

‘
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Let's see how o customize the
using the following properties -
(i)  color: Changing the color of the line
(i) linewidih: Customizing the widih of the line
(i) marker: For changing the

style of actual plotted point
(iV)  markersize:

For changing the size of the markers
(V) linestyle; For defining the style of the plotted line
Different Linestyle Available

above-created line chart. We will be

Character Definition

- Solid line

. Dashed line

dash-dot line

Dotted line

Point marker

Circle marker,

Pixel marker
triangle_down marker
triangle_up marker
triangle_left marker

Em:m_nlle marker

tri_down marker
tri_up marker
tri_left marker
tri_right marker

Square marker

= ¥ T - VC T )

Pentagon marker

*

star marker

=

hexagon| marker

H hexagon2 marker
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Plus marker
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—_— e wh

Line Chart

X X marker
. yiamond marker ] Output;
D Diame ¢ F
D ' ._._:-.::._:za marker f
viine marker 55,
. 50+
hline marker
@ 451

|l\l‘.l|||‘|.‘|\l\||||||||’/
..m.:..

[ 4

Ex.: Pythond ~ : o
import matplothib.py plot as plt M - ._m..
! 25
204{e-"
10 15

£ initializing the data

(10, 20. 30, 40]
ANv Bar Chart

”.
]

[20. 25, 35. 55]

‘o
I}

plotting the data
sing the bar() method.

pltplot(x. ¥. color="green’. linewidth=3. marker="0". u

markersize=13. linesty le="—"
month
day- tm

Ex.:

= Adding title to the plot e. size.

n:.::ﬁ..rim Chart™r

= Adding label on the y-axis

plt ylabel("Y-Axis’)

£ Adding label on the x-axis
plt.xlabel(*X-Axis") x = data[*day’]

plt.show()

# plotting the data

In the below example, we wi

record ﬁ.; the tip given by the customers j
s in the early 1990s. It contains 6 co N a restay

import pandas as pd

y = data["total_bill’]

20 25 30 3s
X-Axis .

use the t;
¢ Ups dataset. Tips database is th,
e

o rant .woq two and a half
otal_bill, tip, sex, smoker

import matplotlib.pyplot as plt

# Reading the tips.csv file

data = ﬁa.nmmn%mﬁ.:vw.nmﬁv

# initializing the data
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- pltbar(x, V)

# Adding title to the plot
plutitle("Tips Dataset™)

#Adding label-on the y-axis
pit.ylabel(* Total Bill*)

# Adding label on the X-axis
v:.z_mvn_p.cmv\.v

plt.show()
OQutput:

Bar Chart

501
401
30
204
104

0

Total Bill

Sun Sat  Thur  Fri
Day

Customization that is available for the Bar Chart:
(i)  color: For the bar faces
(ii)  edgecolor: Color of edges of the bar
ff (iii) linewidth: Width of the bar edges
(iv) width: Width of the bar

(3) Histogram
A histogram is basically used to represent data provided in a form of
some groups: It is a type of bar plot where the X-axis represents the bin ranges

BNB 20 Question
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while the Y

-AX1s gives information

ab
out frequency. The hist() function is used

to-compute and create histogram of x

Syntay:

Ex.:

:_m_‘._:_::__vav_:_.:Z?.Ezm None, range=None. densi

,_ﬁ._m_:,, None, cumulative = False, bottom z.oﬁawiw____ﬂ:vﬂa_ﬂ.
. yi Ll alis ‘ il ] _ .

_:M_. _..,u.“._,mj.:ncr_”“& r::na_m:c: “vertical’, rwidth=None.
o % one, label=None. stacked=False. \*,
ata=None, \*\*kwargs)

import matplotlib.pyplot as pht

import pandas as pd

# Reading the tips.csv file

data = pd.read csv( ‘tips.csv’)

# initializing the data

x = data["total_bill’]

# plotting the data

plt.hist(x)

# Adding title to the plot
plt.title("Tips Dataset™)

# Adding label on the y-axis
plt.ylabel(*Frequency’)

# Adding label on the x-axis
plt.xlabel(*Total Bill)

plt.show()
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Qutput:
S i1 plotting the data
- plt.scatter(x, y)
601 |
50 _—
| m = i1 Adding title to the plot
i plttitle(“Tips Dataset™)
104 | !
o . # Adding label on the y-axis

0 20 3 40 50 , plt.ylabel(* Total Bill")

Total Bill

i . i . _ # Adding label on the x-axis
ation that is available for the Histogram. _, g
nﬂm—oauNﬂ:O | —u_—.?._mu_uO_ArODV\._u

(i) bins: Number of equal-width bins

(i)  color: For changing the face color .n:.m:csc
(iii) edgecolor: Color of the edges | e
(iv) linestyle: For the edgelines
(v)  alpha: blending value, between 0 (rransparent) and | (opaque) . Tins Datacet
(4) Scatter Plot S wj
Scatter plots are used to observe relationships between variables, Tpe m.S. : ' : .
scatter() method in the matplotlib library is used to draw a scatter plot, Muo. { "
Syntax: 4 MN? _ — — “
:56_2_=u,E\u_o..mnm_.m:z1mzmmlam5. Mnmxmm:n_m:m. s=None, 0l m
c=None, marker=None, cmap=None. vmin=None, vimax=Nope. . H : i

alpha=None, linewidths=None, edgecolors=None e

Ex.: import matplotlib.pyplot as plt

mac»w__ﬁ Fri

import pandas as pd Customizations that are available for the scayer plot a
re :

=
w

: ker size (can be scalar :
# Reading the tips.csv file : par ( or array of size equal to size of X or y)

data = pd.read_csv(‘tips.csv’) : color of sequence of colors for markers

—_—
—
-

i) marker: marker style

H iR LR Dain (iv) linewidths: width of marker border

x = data[‘day’] ) edgecolor: marker border color

y = data[‘total_bill’] ) .
(i) alpha: blending value, between 0 (transparent) and | (opaque)
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{5) Saving a Plot

For saving a plot in a file on storage ¢
file can be saved in many formats like .png. JPE

Syntax:
Ed_o_‘m?a_._m:fa:n. .
o:g;:o:n._:::.::.,
transparent= False, bbox.
framecon=None, metadata= None)

import matplotlib.py plot as plt

dpi=None, facecolor="w', edgecolop-
e - W
_u..__é_._v.;_ua-Zczo. format=Ng,,."
: % e
inches=None, pad_incheg 0 ,_,

Ex:

# Creating data
year = [12010", *200

production = [25, 15. 35, 30, 10]

5. +20047, *2006°, *2008°]

# Plotting barchart
plt.bar(year, production)

# Saving the figure.
u:.mm,\m:mﬁzoc_uc_,.:u.u.,.v

# Saving figure by changing parameter values
plt.savefig(“output ™, facecolor="‘y’, bbox _inches= “tight
pad_inches = 0.3. transparent=True)

Output:

0
2010 2002 2004 2006 2008
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(6) Adding Text to Plots

T'o add text insi
xtinside a plot in M; _
| atplotlib, we
. we can take the followin
g steps

A_v f,..._. __:.. __ re size an adjust —Z. ny T tween ‘.-—.Z_ m.:.::_.x_ :_Q
T Sz ﬁ— a.— - o
_ l Lc.&_ _J € €

() Create x and y data points using numpy

_ A,:: Place text with some text properties
(V) Plot x and y using plot() method.
_ (V) Turn off the axes.
(vi)  To display the figure, use show() method.

Ex.: import numpy as np
from matplotlib import pyplot as plt

plt.rcParams[“figure.figsize™) = [7.50, 3.50]
v_r_.n_umas._mﬁ:mm.:E_m:_o_mzo_:.._ = ._.w: .
[
x = np.linspace(-5, 5. 100)
X ** 3

G
i

plt.text(0, 100, ‘Sy=x N

bbox=dict(facecolor=*red’, m_,u:muo

plt.plot(x. y, c='2’) 2
A, pltaxis(‘off")

38',  fontsize=22.

plt.show()
Output:

(7) Pie Chart
Pie chart is a circular chart used to dis
play only one serj
1es of data. The

area of m.__m.mm of the pie represents the percentage of the
dices of pie are called wedges. It can be created using %M:M Mw, the data. The
< (€ pie() method.
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Syntax:

Ex:

Output:

matplothb pyplot pic(data.
colors=None, autopct -None.

import matplothb.py plot as plt

shadow=False)

import pandas as pd

# Reading the ups.csv lile
data = pd Hma-?ef:_#.n:l

# initializing the data

cars = ['AUDI'.*BMW", ‘FORD".
“TESLA'."JAGUAR'.]

data = [23. 10, 35. 15, 12]

# plotting the data
plt.pie(data, labels=cars)

# Adding title to the plot
plttitle(*Car data™)

plt.show()

Car data

AUDI

JAGUAR

a,,_._:ar.:z::a. labels N
Ne
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(1)

(1v)

ustomiza 1ons that are available for l [ - [3 ﬁ:m—: are
ﬂd—-—:-—n.. (_ qc_:,r. :_F r(ﬁa—r-mn of ——_P —_q "

autopet: Label the wedge with their numerical value
F
color: | 8
lor: Attribute is used 1o provide color 1o the wedges
shadow: Used 1o create shadow of wedge

(8) Box Plot

A box plot which is also known as a whisker plot displays a summary of

il ..:.___ ol data containing the minimum. first quartile. median. third quartile. and
maximum. In a box plot, we draw a box from the first quartile 1o the third
quartile. A vertical line goes through the box at the median. The whiskers go
from cach quartile to the minimum or maximum. o

Qp median Qy

min max

—a

| — P |
L]

:
L —t “ 4 —t—

i L
L L]

create the data for the boxplots. We use the

_E_:nz::aca.:o::m:v function 10 create the fake data. It tak h
C , e

arguments. mean and standard deviation of the normal distributi s three

pumber of values desired. lon and the

np.random.seed(10)

collectn_| = np.random.normal(100. 10 200)

collectn 2 = np.random.normal(80. 30 200)

collectn 3 = np.random.normal(90, 20 200)

collectn_4 = np.random.normal(70. 25 200)

The list of arrays that we created ‘above is 1he only required i fi
mput for

creating the boxplot. Using the data_to plot line of code
- - WE can create the

boxp

lot with the following code :

= plt.figure() .

# Create an axes instance

ax = fig.add_axes([0,0.1.1])




190 / Computer Science .

B. 8¢. - Thirg Yoq
# Create the boxplot I/..
bp = ax.boxplot(data to_plot)

pitshow()

The above line of code will generate the following outpui:
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Visualizing 3D Data with Matplotlib

Matplotlib was initially devéloped with only two-dimension |
1.0 release was built with some of three-dimensional plotting E:Enw Mr Its
of two-dimension display, and the result is a convenient set of tools _,oq”‘ m%
data visualization. . 3D

Three-dimension plots can be created by importing the mplot3d too)y;
include with the main Matplotlib installation: It

from mpl_toolkits import mplot3d

When this module is imported in the program, three-dimension axe

5 . . ACS

can be created by passing the keyword projection =*3d’ to any of the neriia|
axes creation routines:

Let’s see the simple 3D plot

Ex.: from mpltoolkits import mplot3d
import numpy as np

import matplotlib.pyplot as plt
fig = u:.mmc:ﬂc

ax = plt.axes(projection="3d")_
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3D Contour Plot

The ax.contour3D() function creates three-dimensional contour plot.
It requires all the input data to be 5.:6 form ofio-&_dm:m,o:m_ regular grids,
with the 7-data evaluated at each point. In_..m. Em. will m_Sé a three-dimensional
contour diagram of a three-dimensional sinusoidal function,

from mpl_toolkits import mplot3d

import numpy as np

import matplotlib.pyplot as plt
def (X, y):
return NP.SiN(NP.sqri(x ** 2 4 y *» 2))

X
Y

np.linspace(-6, 6, 30)

I

np.linspace(-6. 6, 30)

X. Y = np.meshgrid(x, y)
Z=1X.Y)

fig = plt.figure()

ax = pltaxes(projection="3d")
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ax.contour3D(X. Y. Z. 50, cmap=binary )
ax.set_xlabel(*x)

ANLset_viabel(*y)

ax.set_zlabel(*z')

AX.set_title(*3D contour’)

ﬁ_m.m.uofc

3D contour

0.75
0.50
0.25
0.00 4
—0.25
-0.50
—0.75

Interactive Visualization using Widgets ing st
. ating
Matplotlib is a popular library in Python for _nqmm <.._Umcm
and interactive visualizations. However, to make the
interactive, we can use a library called ipywidgets. .
IPyWidget is an open-source Python library that w ta and make i
widgets that can be helpful in controlling the graphs or da !
interactive.

atic, animateq,
lizations morg

_
s used to Qnm:_




