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DepartmentofAERONAUTICALENGIERRING
Vision
> Department of Aeronautical Engineering aims to be indispensable source in
Aeronautical Engineering which has a zeal to provide the value driven

platform for the students to acquire knowledge and empower themselves to

shoulder higher responsibility in building a strong nation..

Mission

> The primary mission of the department is to promote engineering education and
research. To strive consistently to provide quality education, keeping in pace with
time and technology. Department passions to integrate the intellectual, spiritual,
ethical, and social development of the students for shaping them into dynamic

engineers.

QUALITYPOLICY

» Impart up-to date knowledge to the students in Aeronautical area to make them
quality engineers.Make the students experience the applications on quality
equipment and tools.Provide systems, resources, and training opportunities to
achieve continuous improvement.Maintain global standards in education, training,

and services.
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PROGRAMOUTCOMES
(PO’s)

EngineeringGraduateswillbeableto:

> Engineering knowledge: Apply theknowledge of mathematics,science,engineering
fundamentals, and an engineering specialization to the solution of complex

engineering problems.

> Problem analysis: ldentify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first

principles of mathematics, natural sciences, and engineering sciences.

> Design / development of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified
needs with appropriate consideration for the public health and safety, and the

cultural, societal and environmental considerations.

» Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of

data, and synthesis of the information to provide valid conclusions.

» Modern tool usage: Create, select, and apply appropriate techniques, resources,
and modernengineering andIT tools includingpredictionand modeling to complex

engineering activities with an understanding of the limitations.

» The engineer and society: Apply reasoning informed by the contextual knowledge
to assess societal, health, safety, legal and cultural issues and the consequent

responsibilities relevant to the professional engineering practice.

> Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate the

knowledge of, and need for sustainable development.

AIMLMANUAL
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Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice. Individual and team work:
Function effectively as an individual, and as a member or leader in diverse teams,

and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with
the engineering community and with society at large, such as, being able to
comprehend andwrite effective reports and design documentation, make effective

presentations, and give and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of
the engineering and management principles and apply these to one’s own work, as
a member and leader in a team, to manage projects and in multi disciplinary

environments.

Life- long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of

technological change.

AIMLMANUAL
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PROGRAMEDUCATIONALOBIJECTIVES—AeronauticalEngineering

PEO1 (PROFESSIONALISM & CITIZENSHIP): To create and sustain a community of learning
in which students acquire knowledge and learn to apply it professionally with due

consideration for ethical, ecological and economic issues.

PEO2 (TECHNICAL ACCOMPLISHMENTS): To provide knowledge based services to satisfy
the needs of society and the industry by providing hands on experience in various

technologies in core field.

PEO3 (INVENTION, INNOVATION AND CREATIVITY): To make the students to design,
experiment, analyze, and interpret in the core field with the help of other multidisciplinary

concepts wherever applicable.

PEO4 (PROFESSIONAL DEVELOPMENT): To educate the students to disseminate research

findings with good soft skills and become a successful entrepreneur.

PEO5 (HUMAN RESOURCE DEVELOPMENT): To graduate the students in building national

capabilities in technology, education and research

PROGRAMSPECIFICOUTCOMES—AeronauticalEngineering

To mould students to become a professional with all necessary skills, personality and

sound knowledge in basic and advance technological areas.

To promote understanding of concepts and develop ability in design manufacture and
maintenance of aircraft, aerospace vehicles and associated equipment and develop

application capability of the concepts sciences to engineering design and processes.

Understanding the current scenario in the field of aeronautics and acquire ability to apply
knowledgeofengineering,scienceandmathematics todesignandconduct experiments in the

field of Aeronautical Engineering.

4. To develop leadership skills in our students necessary to shape the social, intellectual,

business and technical worlds.

AIMLMANUAL

R-22




B.Tech—ANE

AIMLMANUAL

R-22




MALLAREDDYCOLLEGEOFENGINEERINGANDTECHNOLOGY
-

MALLAREDDYCOLLEGEOFENGINEERINGANDTECHNOLOGY
lllYearB.Tech.ECE-ISem L/T/P/C
0/-/3/1.5

(R20A0566)ARTIFICIALINTELLIGENCEANDMACHINELEARNINGLAB

LABOBJECTIVES:

FamiliaritywiththePrologprogrammingenvironment.
Tointroducestudentstothe basicconceptsandtechniquesofMachinelLearning.
Toimplementclassificationandclusteringmethods.
TobecomefamiliarwithDimensionalityreduction Techniques.
LearningbasicconceptsofPrologthroughillustrativeexamplesandsmallexercises
&Understanding list data structure in Prolog.

uhwnNeE

STUDYOFPROLOG;WRITETHEFOLLOWINGPROGRAMSUSINGPROLOG/PYTHON

week-1.  Writeaprogramtoimplementallsetoperations

week-2. Implementation of BFS for water jug problem using Python
week-3. ImplementationofDFSfortic-tac-toeproblemusingPython
week-4.  Solve 8-puzzle problem using best first search

week-5.  Writeaprogramtosolve8queensproblem

week-6. Implementationof Hill-climbingtosolve8-Puzzle Problem

MACHINE LEARNING
WEEK-1
DataExtraction,Wrangling

1. LoadingdifferenttypesofdatasetinPython
2. Arrangingthedata

WEEK-2
DataVisualization

1. Handlingmissingvalues
2. Plottingthegraphs

WEEK-3
SupervisedLearning

ImplementationofLinearRegression
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WEEK-4
ImplementationofK-nearestNeighbor

WEEK-5
UnsupervisedLearning

ImplementingK-meansClustering

WEEK-6
UnsupervisedLearning

ImplementingHierarchicalClustering

LABOUTCOMES:

1. ApplyvariousAlsearchalgorithms(uninformed,informed,heuristic,constraintsatisfaction,)
2. Understandthefundamentals ofknowledgerepresentation,inferenceusingAltools..

3. Solvetheproblemsusingvariousmachinelearningtechniques

4. Designapplicationusingmachinelearningtechniques

10
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LISTOFEXPERIMENTS

S.No | NAMEOFEXPERIMENT PageNo
ARTIFICIALINTELLIGENCE
1 Programtoexecuteallthe Operators 16
2 ProgramtoexecuteBreadthFirstSearchforWaterJug Problem 25
3 ProgramtoexecuteDepthFirstSearchforTICTACTOE 33
4 ProgramtoexecuteexecuteBestFirstSearchfor8Puzzleproblem 36
5 Writeaprogramtosolve8queensproblem 45
6 ImplementationofHill-climbingtosolve8-PuzzleProblem 51

MACHINELEARNING

1 Programtoloading differenttypes ofdatasets inPython andArranging the | 58
data

2 ProgramHandlingmissingvaluesandplottinggraphs 65

3 ProgramtolmplementationofLinearRegression 71

4 ProgramtolmplementationofK-nearestNeighbor 77

5 ProgramtolmplementingK-meansClustering 83

6 ProgramtolmplementingHierarchicalClustering 89
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INTRODUCTION

Python is developed by Guido van Rossum. Guido van Rossum started
implementingPythonin1989.Pythonisa verysimpleprogramminglanguagesoeven if you
are new to programming, you can learn python without facing any issues.

« Programmingistheprocessofcreatingasetofinstructionsthattella
computer how to perform a task.

C,C++,MatLab,Python,JavaScriptetc.

« Pythonisapowerful general purposeinteractive,objectorientedhighlevel
programming language.

+ Easylanguagetolearnascomparedwithothers
« FewHoursisverymuchsufficientanddeveloperfriendly
« FocusesonSolvingproblemskills,Conceptsandlanguagespecificsyntax

« It'susedinwebdevelopment, DataScience,creatingsoftwareprototypesand
much more.

I.  Backend(orserverside)webandmobileappdevelopment
ii. Desktopappandsoftwaredevelopment
lii.  Writingscriptfile.
Data Types

* InPython,everylogicallineofcodesisbrokendownintocomponents
knownastokens.

mm KEYWORDS

mm |DENTIFIERS

mm LITERALS

s OPERATORS

12
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Keywords: Keywords are that havespecificmeaningsand restrictionsaroundhow
they should be used. Python keywords are special reserved words that havespecific
meanings and purposes and can't be used for anything but those specific
purposes.

Therearethirty-fivekeywordsinPython

o ValueKeywords:True,False,None

o OperatorKeywords:and,or,not,in,is

o ControlFlowKeywords:if,elif,else

o lIterationKeywords:for,while,break,continue,else

o StructureKeywords:def,class,with,as,pass,lambda

o ReturningKeywords:return,yield

o ImportKeywords:import,from,as

o Exception-HandlingKeywords:try,except,raise finally,else,assert
o AsynchronousProgrammingKeywords:async,await

o VariableHandlingKeywords:del,global,nonlocal

Identifier is a name used to identify a variable, function, class, module, etc. The
identifier is a combination of character digits and underscore. The identifier should
start with a character or Underscore then use a digit. The characters are A-Z or a-z,
anUnderscore(_),anddigit(0-9).weshouldnotusespecialcharacters(#,@,$,
%,!)inidentifiers.

13
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Litera|S:LiteralsinPythonisdefinedas therawdataassignedtovariablesorconstantswhile

programming. We mainly have five types of literals which includes string literals, numeric literals,
boolean literals, literal collections and a special literal

Rawdatagiventovariableareof4types

[

Python - Data Types

ﬂ

| Numeric \ ‘Dictionary? ' Boolean

. Set

{ Interger

Float |

Strings |

‘Sequence

_Type

[_Tuple ]

Complex :
’\ Number J ' St
%

Int Long Float Complex
+ve or —ve Anunlimitedstring Realnumberwith NumberwithReal
numbers(whole of integers both integer and and imaginary
numbers) followed by upper | fraction.

or lower case L continuous

numbers

Withoutfractions Ex:233424243L Ex:213.4,-345.8 Ex:3+4j
or decimals

Ex:100,89,-90,-30

String:Stringissetofcharactersandletters

Boolean: Logical

Pythondividestheoperatorsinthefollowinggroups:

e Arithmeticoperators

e Assignment operators
« Comparisonoperators
e Logicaloperators

o Identityoperators

14



e Membershipoperators
o Bitwiseoperators

RELATIONAL
or

Comparision

15
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EXPERIMENT1
AIM: Write a program for executing all operators in Python

Software Used: Python

ArithmeticOperators
Arithmetic operators are used to performing mathematical operations like addition,
subtraction, multiplication, and division.

Operator  Description Syntax
+ Addition:addstwooperands X+y

- Subtraction:subtractstwooperands X=y

* Multiplication:multipliestwooperands xX*y

/ Division(float):dividesthefirstoperandbythesecond xly

I Division(floor):dividesthefirstoperandbythe second xlly

Modulus:returnstheremainderwhenthe firstoperandisdividedbythe second
% x% y

** Power:Returnsfirstraisedtopowersecond X**y

Example:ArithmeticoperatorsinPython

o Python3

#ExamplesofArithmeticOperator
a=9
b=4

#Additionofnumbers add
=a +b

#Subtractionofnumbers sub
=a -b

#Multiplicationofnumber
mul =a *b

#Division (float) ofnumber
divl =a /b

16
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#Division (floor)ofnumber
div2 =a //b

#Moduloofbothnumber mod
=a %b

#Power
p=a**b

#printresults
print (add)

print (sub)
print (mul)
print (divl)
print (div2)
print(mod
print(p

Output
13

5

36
2.25
2

1
6561

ComparisonOperators

Comparison of Relational operators compares the values. It either
returns True or False according to the condition.

Operator  Description Syntax
> Greaterthan: Trueiftheleftoperandisgreaterthantheright x>y

< Lessthan:Trueiftheleftoperandislessthantheright X<y

== Equalto: Trueifbothoperandsareequal X==y
I= Notequalto— Trueifoperandsarenotequal xl=y

Greaterthanorequalto Trueifthe leftoperand isgreaterthan orequalto the right
>= X>=y

Lessthanorequalto True iftheleftoperandislessthanorequalto the right
<= X<=y

17
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Example:ComparisonOperatorsinPython

° Pyth0n3

#ExamplesofRelationalOperators
a=13
b=33

#a>bisFalse
print (a > b)

#a<bisTrue
print (a < Db)

#a==bisFalse print (a
==b)

#a'!=bisTrue
print (a !'=b)

#a>=bisFalse print (a
>=D)

#a<=bisTrue
print (a <=b)

Output
False

True

False

True

False

True
LogicalOperators

Logical operators perform Logical AND, Logical OR, and Logical NOT operations.
It is used to combine conditional statements.

Operator  Description Syntax
and LogicalAND:Trueifboththeoperandsaretrue xandy
or LogicalOR:Trueifeitheroftheoperandsistrue Xory
not LogicalNOT:Trueiftheoperandisfalse notx

Example:LogicalOperatorsin Python
18
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o Python3

#ExamplesoflLogicalOperator
a=True
b=False

#PrintaandbisFalse print (a
andb)

#PrintaorbisTrue
print (a orb)

#PrintnotaisFalse
print (nota)

Output
False

True

False

BitwiseOperators
Bitwise operators act on bits and perform the bit-by-bit operations. These are used
to operate on binary numbers.

Operator  Description Syntax
& BitwiseAND X&y

| Bitwise OR x|y

= Bitwise NOT ~X

A Bitwise XOR Y

>> Bitwiserightshift ~ x>>

<< Bitwiseleftshift X<<

Example:BitwiseOperatorsinPython

o Python3

#ExamplesofBitwiseoperators a
=10

19
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b=4

#PrintbitwiseANDoperation print (a
& b)

#PrintbitwiseORoperation print(a |
b)

#PrintbitwiseNOToperation
print (~a)

#printbitwiseXORoperation print (a
/\b)

fprintbitwiserightshiftoperation print(a
>> 2)

#fprintbitwiseleftshiftoperation print (a <<
2)

Output
)

14

-11

14

2

40

AssignmentOperators

Assignmentoperatorsareusedtoassigningvaluestothevariables.

Operator  Description Syntax

= Assignvalueofrightsideofexpressiontoleftsideoperand X=y+z

AddAND:Addright-sideoperandwithleftsideoperandand then
+= assign to left operand at=b a=atb

SubtractAND:Subtractrightoperandfromleftoperandand then
-= assign to left operand a-=b a=a-b

MultiplyAND:Multiplyrightoperandwith leftoperandand then
*= assign to left operand a*=b a=a*b

DivideAND:Divideleftoperandwithrightoperandandthen assign
I= to left operand al=b a=alb

ModulusAND:Takesmodulususingleftandrightoperands and
%= assign the result to left operand a%=b a=a%Db

20
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Operator  Description Syntax

Divide(floor) AND:Divideleftoperandwithrightoperandand then
/= assign the value(floor) to left operand all=b a=allb

ExponentAND:Calculateexponent(raisepower)valueusing
*ok= operands and assign value to left operand a**=b a=a**b

PerformsBitwise ANDonoperandsandassignvaluetoleft operand
&= a&=b a=a&b

PerformsBitwiseORonoperandsandassignvaluetoleft operand

= a=b a=alb
PerformsBitwisexORonoperandsandassignvaluetoleft operand

A= a’=b a=a"b
PerformsBitwiserightshiftonoperandsandassignvalueto left

>>= operand a>>=b a=a>>b
PerformsBitwiseleftshiftonoperandsandassignvaluetoleft a<<=b a=a<<b

<<= operand

Example:AssignmentOperatorsinPython

o Python3

#ExamplesofAssignmentOperators a
=10

#Assignvalue b
=a
print (b)

#Addandassignvalue b
+=a
print (b)

#Subtractandassignvalue b -
=a
print (b)

#multiplyandassign b

*=a
print (b)

21
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#bitwiselishiftoperator b
<<=a
print (b)

Output
10

20

10

100
102400

IdentityOperators

Is and is not are the identity operatorsboth are used to check if two values are
located on the same part of the memory. Two variables that are equal do not imply
that they are identical.

is Trueiftheoperandsareidentical
isnot Trueiftheoperandsarenotidentical

Example:ldentityOperator
o Python3

a=10
b=20
c=a

print (aisnotb)
print(a isc)

O-utput
True

True

MembershipOperators
in and not in are the membership operators; used to test whether a value or
variable is in a sequence.

in Trueifvalueisfoundinthesequence
notin Trueifvalueisnotfoundinthesequence

Example:MembershipOperator

22
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° Pyth0n3

#Pythonprogramtoillustrate #
not 'in' operator

x=24

y=20

list=[10,20,30,40,50]

if (xnotinlist) :
print ("xisNOTpresentingivenlist") else:
print ("xispresentingivenlist")

if(yinlist):
print ("yispresentingivenlist") else:
print ("yisNOTpresentingivenlist")

Output
X 1sNOT present in givenlist y

is present in given list

PrecedenceandAssociativity ofOperators

Precedence and Associativity of Operators:Operator precedence and
associativity determine the priorities of the operator.

OperatorPrecedence

This is used in an expression with more than one operator with different precedence
to determine which operation to perform first.

Example:OperatorPrecedence

o Python3

#ExamplesofOperatorPrecedence #

Precedence of '+'&'*'
expr=10+20*30
print (expr)

#Precedenceof'or'&'and' name
="Alex"
age=0

ifname=="Alex"orname=="John"andage>=2:
print ("Hello! Welcome.")

else:
print ("GoodBye!!")

Output
610

23
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X
Hello!Welcome.

OperatorAssociativity

If an expression contains two or more operators with the same precedence then
Operator Associativity is used to determine. It can either be Left to Right or from
Right to Left.

Example:OperatorAssociativity
o Python3

#ExamplesofOperatorAssociativity #

Left-right associativity
#100/10*10iscalculatedas
#(100/10) *10andnot
#as100/ (10*10)

print (100/10*10)

#Left-rightassociativity #5-
2+3iscalculatedas
#(5-2)+3andnot

#ash5- (2+3)

print (5-2+3)

#left-rightassociativity
print (5-(2+3))

#right-leftassociativity
#2**3**2iscalculatedas
#2** (3**2)andnot

#as (2**3) **2

print (2**3**2)

Output
100.0

6
0
512

24
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EXPERIMENTNO2

Aim:ExecutecodetoperformBredthFirstSearchforWater Jug
Problem

Problem:

Let our problem given is we have two empty jugs A and Bin to which we
need to fill the water and isnot marked. If Jug Aholding capacity is of3
LitersandJar Bcapacity is 04 Liters. The condition or requirement
mentionedistofill2Liters of waterineitherofjug. Howwouldyouachieve this
requirement?

Water Resource - Unlimited

Jug A -3 Liters Jug B —4 Liters Place to Discharge Water

Figurel.l

Hint: Therecanbeseveralapproaches.Youneedtopickthebestsolution.

Thestepsyoucanperformtoachievethisrequirementareasfollows.

. Emptyadug.

. FillaJug.

25
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. Pourwaterfromonejugtotheotheruntiloneofthejugsisholding required
capacity of 2 liters.

Approach—UsingBreadth-FirstSearch(BFS)

Breadth-first searchis a graph traversal algorithm. It starts traversing the
graph from theroot nodeand exploresall the neighboring nodes. Then, it
selects thenearest nodeand exploresall the unexplored nodes. The
algorithmcontinues thesameprocessforeachofthenearestnodesuntilit finds
the goal.

Here,we’llbedefiningthestatesintermsof(A,B).
A—AmountofwaterinJugA

B—AmountofwaterinJugB
INITIALSTATE:Asinitiallybothjugsareempty—initialstatewouldbe(0, 0)

FINALSTATE:Aseitherofjugmusthave2litres
finalstatesoftheprocesscouldbeeither(0,2)or(2,0)

Thestepsthatwe’llbeperforminginthisapproachareasfollows.

1. EmptyaJug:Thestatetransitioncouldbe(A,B)->(0,B).Let’s
assume that we empty the Jug A.

2. FillaJug:Thestatetransitioncouldbe(0,0)->(A,0).Let'sassume that we
Fill Jug A.

26
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3. Pourwaterfromonejugtotheotheruntiloneofthejugsiseitherempty or full:

The state transition could be (A, B) -> (A-d, B+d).

Steps:

00 EmptyBoth

30 Fill3litersJug

34 FilldlitersJug

04 Empty3litersJug

31 Fill3litersjugfrom4litersjug,Soleftoverwillbelliterin4LiterJug O 1Empty

3 liters jug

10

14

32

02

Fillthelliterleftoverin3liters

nowfill4literjugagain,andpourthe2litersinto3liters(asitisfilled with 1
liter already

sonowJugAhas3litersJugBhas2liter

Emptya3liters,nowtheResultobtainedis1Jughas2liters

Algorithm

InitialiseaqueuetoimplementBFS.
Since,initially,boththejugsareempty,insertthestate{0,0}intothequeue.
Performthefollowingstate,tillthequeuebecomesempty:

o

o
O
O

Popoutthefirstelementofthequeue.

IfthevalueofpoppedelementisequaltoZ,returnTrue.

LetX leftandY_leftbetheamountofwaterleftinthejugsrespectively.

Nowperformthefilloperation:

= |Ifthe valueofX left<X,insert({X left, Y})intothe hashmap,

sincethisstatehasn’tbeenvisitedandsomewatercanstill be
poured in the jug.
Ifthevalueof  Y_left<  Y,insert({Y_left,X})intothehashmap,
sincethisstatehasn’tbeenvisitedandsomewatercanstill be
poured in the jug.

Performtheemptyoperation:

27
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Ifthe state({0, Y_left})isn’tvisited,insertitintothe hashmap,
since we can empty any of the jugs.
Similarly,ifthestate({X_left,0)isn’tvisited,insertitintothe
hashmap,sincewecanemptyanyofthejugs.

o Performthetransferofwateroperation:

min({X-X_left, Y}) can be poured from second jug to first jug.
Therefore,incase —{X+ min({X-X_left, Y}),Y=min({X-X_left, Y})
isn’t visited, put it into hashmap.
min({X_left,Y-Y_left})canbepouredfromfirstjugtosecondjug.
Therefore, in case — {X_left — min({X_left, Y = X_left}), Y +
min({X_left, Y — Y_left}) isn’t visited, put it into hashmap.

« ReturnFalse,since,itisnotpossibletomeasureZlitres.

Code:Python
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EXPERIMENT 3

Aim:DepthFirstSearchforTICTACTOE
Software Used: Python
Problem:

Depth-first searchis an algorithm that traverses a tree depth-first, meaning that it
traverses the tree recursively, exhausting one branch completely before continuing to
the next one.

Tic-tac-toeisaverypopulargame,solet’simplementanautomaticTic-tac-toe
gameusingPython.Thegameisautomaticallyplayedbytheprogramandhence, no user
input is needed. Still, developing an automatic game will be lots of fun. Let's see how
to do this. NumPy and random Python libraries are used to build this game. Instead of
asking the user to put a mark on the board, the code randomly chooses a
placeontheboardandputthemark.ltwilldisplaytheboardaftereachturnunless a player
wins. If the game gets drawn, then it returns -1.

Explanation:play_game()isthemainfunction,whichperformsthefollowingtasks:

« Calls create_board()tocreatea3x3boardandinitializeswithO.

« For each player (1 or 2), calls the random_place() function to randomly choose a
location on board and mark that location with the player number,alternatively.

« Printtheboardaftereachmove.

» Evaluatetheboardaftereachmovetocheckwhetheraroworcolumnor diagonal has the
same player number. If so, displays the winner’s name. If after 9 moves, there is
no winner then displays -1.

Code:
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EXPERIMENTNO4
AlM:ExecuteBestFirstSearchfor8Puzzleproblem
Software Used: Python

BestFirstSearch: Theideaof BestFirstSearch istouseanevaluationfunctiontodecide which
adjacent is most promising and then explore.

BestFirstSearch fallsunderthecategoryofHeuristicSearchorinformedSearch.

MethodofBestFirstSearchalgorithm
o Createtwoemptylists

« Startfromtheinitalnodeandadd ittotheorderedopenlist
« Nextthebelowstepsarerepeateduntilthefinalnodeorendpointisreached

« IftheopenlistisemptyexittheloopandreturnaFalsestatement whichsaysthatthefinal node
cannot be reached

« Selectthetopnodeintheopen listandmove ittotheclosedlist while keepingtrackofthe parent
node

« Ifthenoderemoved istheendpointnodereturnaTruestatementmeaningapathhasbeen found
and moving the node to the closed list

« However ifit isnottheendpointnodethen listdownalltheneighboringnodesofitand add
them to the open list

« Accordingtotheevaluationfunctionreorderthenodes.

Thisalgorithmwilltraversetheshortestpathfirstinthequeue.Thetime complexity of the
algorithm is O(n*log(n)) .

Problem:

The 8 puzzle problem solution is to solved. A3 by 3 board with 8 tiles (each tile has a
number from 1 to 8) and asingle empty spaceis provided. The goal is to use the vacant
spacetoarrangethenumbersonthetiles suchthattheymatchthefinal arrangement.  Four
neighbouring (left, right, above, and below) tilescan be moved into the available area.

Forinstance,
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EXPERIMENTS
AlIM:Writeaprogramtosolve8queensproblem

Software Used: Python

Problem:

IntheN-Queens problem,wehaveNqueenson anNxN chessboard.Eachqueenoccupiestheirown column and
only their own column, but can move to any spot in that specific column.

On each iteration, one queen can move anywhere in their own column. The solution (or at
leastgoalsolution)istoreachastate(arrangementofqueensontheboard)whereno queen

intersects with another queen diagonally or horizontally (we obviously don't have to worry
about vertical intersections :-) ). There may not be a perfect solution, dependent upon the
structure (what your N is) and the initial state (which row each queen occupies) of the

problem.

Totryandgettoagoalstate(i.e.,nointersectingqueens)givenaninitialstate,wearegoing to look at
using hill-climbing and simulated annealing algorithms (local search algorithms). We'll start
off with an introduction to the code, then explain our hill-climbing and simulated annealing
code.

A description of the notions of all terminologies used in the problem will be given
and are as follows:-

« Notion of a State — A statehere in this context is any configuration of theN
gueens on the N X N board. Also, in order to reduce the search space let's
add an additional constraint that there can only be a single queen in a
particular column. A state in the program is implemented using an array of
length N, such that if state[i]=] then there is a queen at column index i and
row index j.

« Notion of Neighbours — Neighbours of a state are other states with board
configuration that differ from the current state’s board configuration with
respect to the position of only a single queen. This queen that differs astate
from its neighbour may be displaced anywhere in the same column.

o OptimisationfunctionorObjectivefunction—Weknowthatlocal
search is an optimization algorithm that searches the local space to
optimize a function that takes the state as input and gives some value
asan output. The value of the objective function of a state here in this
context is the number of pairs of queens attacking each other. Our goal
here is to find a state with the minimum objective value. This function has
amaximum value of NC2 and a minimum value of O.

Algorithm:
1. Startwitharandomstate(i.e,arandomconfiguration oftheboard).
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2. Scan through all possible neighbours of the current state and jump to the

neighbour with the highest objective value, if found any. If there does not exist, a
neighbour, with objective strictly higher than the current state but there exists one
with equal then jump to any random neighbour(escaping shoulder and/or local
optimum).

3. Repeat step 2, until a state whose objective is strictly higher than all it’s
neighbour’s objectives, is found and then go to step 4.

4. The state thus found after the local search is either the local optimum or the
global optimum. There is no way of escaping local optima but adding a random
neighbour or a random restart each time a local optimum is encountered
increases the chances of achieving global optimum(the solution to our problem).

5. Outputthestateandreturn.
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EXPERIMENT®6

AlM:ImplementationofHill-climbingtosolve8-PuzzleProblem Software

Used: Python

SimpleHillClimb Algorithm

Simple hill climbing is the simplest way to implement a hill climbing algorithm. It only
evaluatestheneighbornodestateatatimeandselectsthefirstonewhichoptimizes current
cost andset it asa current state. Itonly checksit'sone successor state, andifit finds better
than the current state, then move else be in the same state.

features

e Lesstimeconsuming

o Lessoptimalsolutionandthe
o solutionis notguaranteed

Stepsinvolvedinsimplehillclimbing algorithm

Stepl: Evaluatetheinitial state,ifitisgoalstatethenreturnsuccessandStop. Step 2:
Loop Until a solution is found or there is no new operator left to apply. Step 3:
Select and apply an operator to the current state.

Step4:Checknewstate:

Ifitisgoalstate,thenreturnsuccessandquit.
Elseifitisbetterthanthecurrentstatethenassign newstateasacurrentstate. Else if not
better than the current state, then return to step2.

Step5: Exit.

Problem:
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EXPERIMENT1

AIM: LoadingdifferenttypesofdatasetsinPythonandArrangingthedata
SoftwareUsed:Python

Data science:Data science combines math and statistics, specialized programming, advanced
analytics,artificialintelligence(Al),andmachinelearningwithspecificsubjectmatterexpertiseto uncover
actionable insights hidden in an organization’s data. These insights can be used to guide decision
making and strategic planning.

There are different ways of loading data using python. The motivation behind writing this blog is
whenlsearchedaboutthesameandgotminimalsitesthatareshiftingtheirfocusfrom csv
formattoanyotheravailablemethod.However,thereisnodoubtaboutthefact thatPD.read_csv() is one
of the best ways of reading datasets using python (pandas-particularly). While working on a real-time
project, we should know different methods of loading and accessing the dataset as no one knows
what turns out to be handy at what time.

Therearedifferentwaysofloadingdatausingpython.
LoadingDatainPythonUsing5differentmethods

1. Manually loading a file: This is the first, mostpopular,andleast recommended way to load
data as it requires many code parts to read one tuple from the DataFrame. This way comes
intothe picturewhen thedataset doesn’thaveanyparticularpatterntoidentify oraspecific
pattern.

2. lamusingnp.loadtxt:One oftheNumPymethodsforloadingdifferent typesofdatathough it is
only supported when we have data in a specific format, i.e., pattern recognizable, unlike the
manual way of reading the dataset.

3. Using np.GenFromTxt:This is another NumPy way to read the data, but this time it is much
better than thenp. load txt() method recognizes the column header’s presence on its own,
whichthepreviousonecannotfollow.Alongwiththat,itcanalsodetectthe rightdata type for each
column.

4. UsingPD.read_csv:Here is the most recommended and widely used method for reading,
writing,andmanipulating thedataset.ltonly dealswith CSVformatteddata,butthe support of
various parameters makes it a gold mine for data analysts to work with different sorts of data
(they should have a specific format).

5. Using pickle:Lastbutnotleast,wewillalsouse apickletoreadthedatasetpresentin the binary
format.
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Numpy:Numpyisthecore library forscientificcomputinginPython.ltprovidesahigh-performance
multidimensional array object, and tools for working with these arrays.

Arrays: A numpy array is a grid of values, all of the same type, and is indexed by a tuple of
nonnegative integers. The number of dimensions is the rank of the array; the shapeof an array
is a tuple of integers giving the size of the array along each dimension.

SciPy: Numpy provides a high-performance multidimensional array and basic tools tocompute
with and manipulate these arrays. SciPybuilds on this, and provides a large number of
functions that operate on numpy arrays and are useful for different types of scientific and
engineering applications.
Matplotlib:Matplotlibisaplottinglibrary.Inthissectiongiveabriefintroductionto

the matplotlib.pyplot module,whichprovidesaplottingsystemsimilartothatof MATLAB.

Images:Youcan usetheimshowfunctiontoshowimages.

Learning pandas sort methods is a great way to start with or practice doing basic

. Most commonly, data analysis is done with ,S0L, or . One of the

great things about using pandas is that it can handle a large amount of data and offers highly
performant data manipulation capabilities.

SortingYourDataFrameonSingleColumns

o SortingbyaColumninAscendingOrder

o ChangingtheSortOrder

o ChoosingaSortingAlgorithm
SortingYourDataFrameonMultipleColumns

o SortingbyMultipleColumnsinAscendingOrder

o ChangingtheColumnSortOrder

o SortingbyMultipleColumnsinDescendingOrder

o SortingbyMultipleColumnswithDifferentSortOrders
SortingYourDataFrameonlItsIndex

o SortingbylndexinAscendingOrder

o SortingbylndexinDescendingOrder

o ExploringAdvancedIndex-SortingConcepts
SortingtheColumnsofYourDataFrame

o WorkingWiththeDataFrameaxis

o UsingColumnLabelstoSort
WorkingWithMissingDataWhenSortinginPandas

o Understandingthena_positionParameterin.sort_values()

o Understandingthena_positionParameterin.sort_index()
UsingSortMethodstoModifyYourDataFrame

o Using.sort_values()InPlace

o Using.sort_index()InPlace
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EXPERIMENT2

AlIM:Handlingmissingvaluesandplottinggraphs
SoftwareUsed:Python

Missing data is always a problem in real life scenarios. Areas like machine learning and data mining
face severe issues in the accuracy of their model predictions because of poor quality of data caused
by missing values. In these areas, missing value treatment is a major point of focus to make their
models more accurate and valid.

WhenandWhyls Data Missed?

Let us consideranonline survey fora product. Many a times,people do not share allthe information
related to them. Few people share their experience, but not how long they are using the product;few
people share how long they are using the product, their experience but not their contact
information.Thus,in some or the other waya partof data isalwaysmissing,andthis isverycommon in
real time.

Calculation with Missing: Data None, is a Python singular object that is frequently used for missing
data in Python programs. Because it is a Python object, Nonecan only be used in arrays of the data
type "object" (i.e., arrays of Python objects), and cannot be used in any other NumPy/Pandas array:

Cleaning Missing Data: The result of theisna()andisnull() methods is a Boolean check of whether or
noteach cellof theDataFrame hasamissingvalue.Inthisway,if a value isabsentfrom acertain cell, the
function will return True; otherwise, it will return False (if the cell has a value).

DroppingMissing Data: Youcanchoose toeither ignore missing data orsubstitute values for it when
handling missing data. As we can see at the bottom of the DataFrame output, this results in a clean
DataFrame with no missing data.

ReplacingMissingData:Youcanchoosetoeither ignoremissingdataorsubstitutevaluesforitwhen
handling missing data. Fortunately,the Pandas fillna()method may be usedto replace missing values
in a DataFrame with a value given by the user. Type the following to replace any missing values with
the number O (i.e., the value of 0 is arbitrary and may be any other value of your choice):

ImportantFunctionsforHandlingMissingDatainPandas

isnull():Theisnull()methodreturnsa dataframeofbooleanvaluesthatareTrueforNaNvalueswhen
checking null values in a Pandas DataFrame.

notnull():Thenotnull() methodreturnsadataframeofbooleanvaluesthatareFalseforNaN values when
checking for null values in a Pandas Dataframe.

dropna():Wehaveusedthedropna()methodtoremovenullvaluesfromadataframe.Thisfunction removes
rows and columns of datasets containing null values in several ways. We'll go through an illustration
of dropping rows that have at least one null value.

fillna():Byusingthefillna(),replace(),andinterpolate()functions,wemayfillinanynullvaluesina dataset
by replacing NaN values with alternative values. The datasets of a DataFrame can be filled
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with null values thanks to all these functions. The Interpolate() method is mostly used to fill NA

valuesina dataframe,althoughitdoessousingvariousinterpolationtechniquesratherthanhard- coding

the value. We'll begin by looking at an illustration of how to fill in a null value with a single value.

replace():Usingthereplacemethodwe cannotonlyreplaceorfillnullvaluesbutanyvaluespecified
asafunctionattribute.Wespecifythevaluetobereplacedinto_replaceandthenewvaluein value.

interpolate(): Pandas' ability to substitute missing values with those that make sense is another
characteristic. The interpolate() function is employed. Pandas fill in the gaps beautifully by using the
points' midpoints. Naturally, if this was curvilinear, a function would be fitted to it in order todiscover
a different technique to determine the average. We'll discuss the linear approach to interpolate the
missing numbers. Keep in mind that the linear technique treats the data as equally spaced and
disregards the index.

Visualization is the perfect form of representing data so that developers can understand what the
datawantstoexpress.ltalsogivesaclearinsightintothedatademonstratingapproaches.But notall
datarequiresthesameformatofrepresentation. That iswhereMatplotlibcomeswithdifferentways of
generating visuals against data.Plotting methods allow for a handful of plot styles other than the
default line plot. These methods can be provided as the kind keyword argument to plot(), and
include:

e ‘bar’or‘barh’forbarplots

e ‘hist’forhistogram

o ‘box’forboxplot

o ‘kde’or‘density’fordensityplots
e ‘area’forarea plots

e ‘scatter’forscatterplots

¢ ‘hexbin’forhexagonalbinplots
o ‘pie’forpie plots

Scatter Plot Step Plot Bar Chart Fill Between
® 25 — 25 125 |
[ ]
2 e ® © 20 20 100 A
® *.2 15 75
. *o N A I 15 ]
o :“. o’. 2 101 10 ok
".. o PV
d ’ I. @ ® ° 5 & 5 25 g
=2 Py .. °
. —_ . - . . 01— . . L . .
-0.5 0.0 0.5 1.0 0 2 4 0 2 4 0 2 4
Time Series Box Plot Histogram
41 8
2 o
d S=
=27 —2- 1

2018-01-01 2018-01-31 2018-03-02 2018-04-01

66


https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.plot.html#pandas.DataFrame.plot
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-barplot
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-barplot
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-hist
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-box
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-kde
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-kde
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-area-plot
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-scatter
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-hexbin
https://pandas.pydata.org/docs/user_guide/visualization.html#visualization-pie

67



68



69



70



MALLAREDDYCOLLEGEOFENGINEERINGANDTECHNOLOGY

C________________________________________________________________|
EXPERIMENT3

AIM:ImplementationofLinear Regression
Softwareused:Python

Supervised learning is the area of Machine Learning where we have a set of independent variables
whichhelps us toanalysethedependentvariableandtherelationbetweenthem.Whateverwewant to
predict is called as Dependent Variable, while variables that we use to predict are called as
Independent Variables. Suppose we want to predict the age of the person based on the person’s
height and weight, then height and weight will be the independent variables, while age will be the
dependent variable.

Linear regression is a statistical technique to describe relationships between dependent variables
with a number of independent variables. This tutorial will discuss the basic concepts of linear
regression as well as its application within Python.

In order to give an understanding of the basics of the concept of linear regression, we begin with the
most basic form of linear regression, i.e., "Simple linear regression".

SimplelLinearRegression

Simple linear regression (SLR) is a method to predict a response using one feature. It is believed that
bothvariables are linearly linked. Thus, we strive tofinda linearequation that can predict an answer
value(y) as precisely as possible in relation to features or the independently derived variable(x).

Forsimplification,wedefine:
xasfeaturevector,i.e.,x=[X1,X2, X3,...., Xnl,
y as response vector,i.e.,y = [y1,Y2,Y3....,¥n]

fornobservations(inaboveexample,n=10).
ItisoneofthemostpopularSupervisedMachineLearningalgorithmsinPythonthatmaintainsan
observationofcontinuousfeaturesandbasedonit,predictsanoutcome.ltestablishesarelationship
between dependent and independent variables by fitting a best line. This best fitline is represented
by a linear equation Y=a*X+b, commonly called the regression line.

Inthis equation,

Y-Dependentvariable

a- Slope

X-Independentvariable

b- Intercept

The regression line is the line that fits best in the equation to supply a relationship between the
dependentandindependentvariables.Whenit runsona singlevariable orfeature,we callitsimple
linearregression andwhen itruns on differentvariables,wecall it multiple linearregression. This is
often used to estimate the cost of houses, total sales or total number of calls based on continuous
variables.
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EXPERIMENT4

Aim:ImplementationofK-nearestNeighbor

SoftwareUsed:Python

o K-Nearest Neighbour is one of the simplest Machine Learning algorithms based on
Supervised Learning technique.

o K-NN algorithm assumes the similarity between the new case/data and available cases
and put the new case into the category that is most similar to the available categories.

o K-NN algorithm stores all the available data and classifies a new data point based on the
similarity. This means when new data appears then it can be easily classified into a well
suite category by using K- NN algorithm.

o K-NN algorithm can be used for Regression as well as for Classification but mostly it is

used for the Classification problems.

o K-NN is anon-parametric algorithm, whichmeans it does not make any assumption on

underlying data.

o Itis also called alazy learner algorithm because it does not learn from the training set
immediately instead it stores the dataset and at the time of classification, it performs an

action on the dataset.

o KNN algorithm at the training phase just stores the dataset and when it gets new data,

then it classifies that data into a category that is much similar to the new data.

TheK-NNworkingcanbeexplainedonthebasisofthebelow algorithm:

o Step-1:SelectthenumberKofthe neighbors

o Step-2:CalculatetheEuclideandistanceof Knumberofneighbors

o Step-3:TaketheKnearestneighborsasper thecalculatedEuclidean distance.

o Step-4:Among thesekneighbors,countthenumber ofthedatapointsineach category.

o Step-5:Assign thenewdata pointsto that category for whichthenumber oftheneighbor is

maximum.

o Step-6:0urmodelis ready.
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EXPERIMENTS

Aim:ImplementingK-meansClustering

SoftwareUsed:Python

K-MeansClusteringAlgorithm

K-Means Clustering is an unsupervised learning algorithm that is used to solve the clustering
problems in machine learning or data science. In this topic, we will learn what is K-means clustering
algorithm, how the algorithm works, along with the Python implementation of k-means clustering.

WhatisK-MeansAlgorithm?

K-Means Clustering is an Unsupervised Learning algorithm, which groups the unlabeled dataset into
different clusters. Here K defines the number of pre-defined clusters that need to be created in the
process, as if K=2, there will be two clusters, and for K=3, there will be three clusters, and so on.

It is an iterative algorithm thatdivides the unlabeled dataset into kdifferent clusters in such a waythat

each dataset belongs only one group that has similar properties.

It allows us to cluster the data into different groups and a convenient way to discover the categories
of groups in the unlabeled dataset on its own without the need for any training.

It is a centroid-based algorithm, where each cluster is associated with a centroid. The main aim ofthis
algorithm is to minimize the sum of distances between the data point and their corresponding
clusters.

The algorithm takes the unlabeled dataset as input, divides the dataset into k-number ofclusters,
and repeats the process until it does not find the best clusters. The value of k should be

predetermined in this algorithm.

Thek-meansclusteringalgorithmmainlyperformstwotasks:

o DeterminesthebestvalueforKcenterpointsorcentroidsbyaniterativeprocess.

o Assignseachdatapointtoitsclosestk-center.Thosedatapointswhichareneartothe particular k-

center, create a cluster.
Henceeachclusterhasdatapointswithsome commonalities,andit isawayfrom otherclusters. The

below diagram explains the working of the K-means Clustering Algorithm:
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HowdoestheK-MeansAlgorithmWork?
TheworkingoftheK-Meansalgorithmisexplainedinthebelowsteps:
Step-1:SelectthenumberKtodecidethenumberofclusters.
Step-2:SelectrandomKpointsorcentroids.(ltcanbeotherfromtheinputdataset).
Step-3:Assigneachdatapointtotheirclosestcentroid,whichwillformthepredefinedKclusters.

Step-4:Calculatethevariance andplacea newcentroidofeachcluster.

Step-5:Repeat the third steps, which means reassign each datapoint to the new closest centroid of
each cluster.

Step-6:Ifany reassignmentoccurs,thengotostep-4elsegotoFINISH.

Step-7:Themodelis ready.
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Theotherpopularlyusedsimilaritymeasuresare:-

1. Cosinedistance: Itdeterminesthecosineoftheanglebetweenthepointvectorsofthetwo points in the
n-dimensional space

2. Manhattandistance: Itcomputes thesumoftheabsolutedifferencesbetween thecoordinates of the
two data points.

3. Minkowskidistance: Itis also known as the generalizeddistance metric. It can beused forboth
ordinal and quantitative variables
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EXPERIMENT6

Aim:ImplementingHierarchicalClustering
Software Used: Python
ImplementingHierarchicalClustering

Hierarchical clustering is another unsupervised machine learning algorithm, which is used to
group the unlabeled datasets into a cluster and also known as hierarchical cluster analysisor
HCA.

In this algorithm, we develop the hierarchy of clusters in the form of a tree, and this tree-shaped
structure is known as the dendrogram.

Sometimes the results of K-means clustering and hierarchical clustering may look similar, but
they both differ depending on how they work. As there is no requirement to predetermine the
number of clusters as we did in the K-Means algorithm.

Thehierarchicalclusteringtechniquehastwoapproaches:

PlayVideo

1. Agglomerative: Agglomerativeisabottom-up approach,inwhichthealgorithmstartswith taking all

data points as single clusters and merging them until one cluster is left.

2. Divisive:Divisivealgorithmisthereverseoftheagglomerativealgorithmasitisa top-down approach.

Whyhierarchicalclustering?

As we already have other clustering algorithms such asK-Means Clustering, then why we need
hierarchical clustering? So, as we have seen in the K-means clustering that there are some
challenges with this algorithm, which are a predetermined number of clusters, and it alwaystries
to create the clusters of the same size. To solve these two challenges, we can opt for the
hierarchical clustering algorithm because, in this algorithm, we don't need to have knowledge
about the predefined number of clusters.

Inthistopic,wewilldiscusstheAgglomerativeHierarchicalclusteringalgorithm.

AgglomerativeHierarchicalclustering

The agglomerative hierarchical clustering algorithm is a popular example of HCA. To group the
datasets into clusters, it follows the bottom-up approach. It means, this algorithm considers
each dataset as a single cluster at the beginning, and then start combining the closest pair of
clusters together. It does this until all the clusters are merged into a single cluster that contains
all the datasets.
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Thishierarchyofclustersisrepresentedin theformofthe dendrogram.

HowtheAgglomerativeHierarchicalclusteringWork?

TheworkingoftheAHCalgorithm canbeexplainedusingthebelow steps:

o Step-1:Create each data point as a single cluster. Let's say there are N data points, so the number
of clusters will also be N.

A

>

o Step-2: Taketwoclosestdatapointsorclustersandmergethemtoformonecluster.So,there will now
be N-1 clusters.

A

>

o Step-3: Again, take the two closest clusters and merge them together to form one cluster. There
will be N-2 clusters.
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A

Q

o Step-4: Repeat Step 3 until onlyone cluster left. So, we will get the following clusters. Considerthe
below images:

>

o

A

O
&
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A

>

o Step-5:0nce all the clusters are combined into one big cluster, develop the dendrogram to divide
the clusters as per the problem.

Measureforthedistancebetweentwoclusters

As we have seen, the closest distance between the two clusters is crucial for the hierarchical
clustering. There are various ways to calculate the distance between two clusters, and theseways
decide the rule for clustering. These measures are called Linkage methods. Some of the popular

linkage methods are given below:
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1. SingleLinkage: It is theShortest Distancebetween theclosest points oftheclusters.Considerthe
below image:

A

-

2. Complete Linkage: It is the farthest distance between the two points of two different clusters. It
isoneofthepopularlinkagemethodsasitformstighterclustersthansingle-linkage.

A

>

3. Average Linkage: It is the linkage method in which the distance between each pair of datasets is
added up and then divided by the total number of datasets to calculate the average distance
between two clusters. It is also one of the most popular linkage methods.
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4. CentroidLinkage: Itisthelinkagemethodinwhichthedistancebetweenthecentroidofthe clusters is
calculated.Consider the below image:

A

-

Fromthe above-given approaches, we can apply any of themaccording to the typeof problemor
business requirement.

WokingofDendrograminHierarchicalclustering

The dendrogram is a tree-like structure that is mainly used to store each step as a memory that
the HC algorithm performs. In the dendrogram plot, the Y-axis shows the Euclidean distances
between the data points, and the x-axis shows all the data points of the given dataset.
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