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Interaction
Quiz1 10 Execution/Demonstratio

n
20

Quiz2 10 Writeup/theorywork 20
PracticalRecordFile 10

Total 25 75

CriterionforEvaluationofLiteratureSurvey/Dissertation
ExternalAssessment Marks

LiteratureSurveyVivaVoce 100
DissertationReportandVivaVoce 100

YearwiseStructureof
B.Sc.(Research)inScience

and
MasterinScience(ComputerScience)

Year Sem. CourseCode PaperTitle Theory/Practical Credits

4 VII

B070701T CompilerDesign&Principles Theory 4
B070702T DigitalImageProcessing Theory 4
B070703T SoftwareEngineering Theory 4
B070704P CompilerLab Practical 4
B070705P DigitalImageProcessingLab Practical 4
B070706R LiteratureSurvey Research 4

4 VIII

B070801T ArtificialNeuralNetwork Theory 4
B070802T MobileApplications Theory 4
B070803T Quantum InformationandComputation Theory 4
B070804P ArtificialNeuralNetworkLab Practical 4
B070805P MobileApplicationsLab Practical 4
B070806R ResearchProject Research 4

5 IX

B070901T InformationandNetworkSecurity Theory 4
B070919R LiteratureSurvey Research 4

SelectanyoneSpecializationGroupAORBORC
SpecializationGroupA:MachineLearning
CoreCompulsoryPapers
B070902T FoundationonArtificialIntelligence Core/Theory 4
B070903P LabonFoundationonArtificialIntelligence Core/Practical 4

SelectanyoneElective-ITheoryPaperandoneElective-IPracticalLab
B070904T MachineLearningTechniques TheoryElective 4
B070905T DeepLearning TheoryElective 4
B070906P LabonMachineLearningTechniques LabElective 4
B070907P LabonDeepLearning LabElective 4
SpecializationGroupB:SoftwareEngineering
CoreCompulsoryPapers
B070908T SoftwareProjectManagement Core/Theory 4
B070909P LabonSoftwareProjectManagement Core/Practical 4
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6

SelectanyoneElective-ITheoryPaperandoneElective-IPracticalLab
B070910T SoftwareTestingandAudit TheoryElective 4
B070911T System ModelingandSimulation TheoryElective 4

B070912P LabonSoftwareTestingandAudit LabElective 4
B070913P LabonSystem ModelingandSimulation LabElective 4

SpecializationGroupC:DataScience
CoreCompulsoryPapers
B070914T FoundationonDataScience Core/Theory 4
B070915P LabonFoundationonDataScience Core/Practical 4

SelectanyoneElective-ITheoryPaperandoneElective-IPracticalLab
B070904T MachineLearningTechniques TheoryElective 4
B070916T StatisticsforDataScience TheoryElective 4
B070917P LabonMachineLearningTechniques LabElective 4
B070918P LabonStatisticsforDataScience LabElective 4

5 X

B071001T ParallelComputingandAlgorithms Theory 4

B071020R Dissertation Research 4

SelectoneSpecializationGroupAORBORC whichischoseninIXsemester
SpecializationGroupA:MachineLearning(selectanyTwoElectiveTheoryPaperandits
PracticalLab)
B071002T Quantum Neuralnetwork TheoryElective 4
B071003T PatternRecognition TheoryElective 4
B071004T NaturalLanguageProcessing TheoryElective 4
B071005P LabonQuantum Neuralnetwork LabElective 4
B071006P LabonPatternRecognition LabElective 4
B071007P LabonNaturalLanguageProcessing LabElective 4
SpecializationGroupB:SoftwareEngineering(selectanyTwoElectiveTheoryPaperandTwo
PracticalLab)
B071008T SoftwareArchitectures TheoryElective 4
B071009T SoftwareReliabilityEngineering TheoryElective 4
B071010T SoftwareSecurityEngineering TheoryElective 4
B071011P LabonSoftwareArchitectures LabElective 4
B071012P LabonSoftwareReliabilityEngineering LabElective 4
B071013P LabonSoftwareSecurityEngineering LabElective 4
SpecializationGroupC:DataScience(selectanyTwoElectiveTheoryPaperandTwoPractical
Lab)
B071014T DataVisualization TheoryElective 4
B071015T BigData TheoryElective 4
B071016T NaturalLanguageProcessing TheoryElective 4
B071017P LabonDataVisualization LabElective 4
B071018P LabonBigData LabElective 4
B071019P LabonNaturalLanguageProcessing LabElective 4

TotalCredits 96

Note:
1.ThestudenthastochooseanyonespecializationgroupA,BorCin5th

year.
2.TheelectivesforsemesterIXandXshouldbechosenfrom same
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10

Programme/Class:

Bachelor(Research)in

Science

Year:Fourth
Semester:VII

Subject:Computers

CourseCode:B070701T
CourseTitle:CompilerDesign&Principles

CourseOutcomes

Afterthecompletionofthecourse,thestudentwillbeableto
CO1-Acquirethebasicknowledgeofcompiler,lexicalrules,andgrammarsforprogramming
language
CO2-Applyparsingtechniquesongivenexpression,basedongivengrammar
CO3-Describeandimplementdifferenttechniquesforintermediatecodeandmachinecode
optimizationtoimprovetheprogram efficiency
CO4-Describeandimplementtheuseofsymboltable,errordetectionandhandlingconcept
duringdifferentphasesofcompiler.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

IntroductionandLexicalAnalysis

Compiler,Translatoranditsneed,thephasesofacompiler,

CousinsoftheCompiler,groupingofPhases,Bootstrapping.

Roleoflexicalanalyzer,Inputbuffering,specification&

Recognitionoftokens,Regularsetsandexpression,Finite

automata,ConversionofRegularexpressiontoFinite

automata,ObtainingRegularexpressionfrom FiniteAutomata,

OptimizationofDeterministicFiniteautomatastates.

8

II

LexicalAnalysis

Lexical-analyzergenerator,LEX-compiler,Formalgrammars

andtheirapplicationtosyntaxanalysis,BNFnotation,

ambiguity,YACC.Thesyntacticspecificationofprogramming

languages:Contextfreegrammars,derivationandparsetrees.

7

III

BasicsofParsing

ContextFreeGrammar,DerivationandParseTree,Basic

ParsingTechniques:Parsers,Shiftreduceparsing,operator

precedenceparsing,topdownparsing,predictiveparsers,

BacktrackingParserorRecursive-descentparsing,LLparsing,

Bottom UpParsing(Shift–reduceparser,LR,Parser,SLR

Parser,LALRParser).

7
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11

IV

ConstructionofParser

AutomaticConstructionofefficientParsers:LRparsers,the

canonicalCollectionofLR(0)items,constructingSLRparsing

tables,constructingCanonicalLRparsingtables,Constructing

LALRparsingtables,usingambiguousgrammars,an

automaticparsergenerator,implementationofLRparsing

tables.

8

V

Syntax-directedTranslation

Syntax-directedTranslationschemes,8Implementationof

Syntax-directedTranslators,Intermediatecode,postfix

notation,Parsetreesandsyntaxtrees,L-attributeandS-

attribute,threeaddresscode,quadruple,triples,Postfix

notation,translationofassignmentstatements,Boolean

expressions,statementsthataltertheflowofcontrol,postfix

translation,translationwithatopdownparser,Array

referencesinarithmeticexpressions,procedurescall,

declarationsandcasestatements,implementationofsyntax

directedtranslator.

8

VI

SymbolTables

Contentsofsymboltable,Datastructureforsymbolstables,

representingscopeinformation,Run-TimeAdministration,

Implementationofsimplestackallocationscheme,storage

allocationinblockstructuredlanguage,Storageallocation,

ActivationRecord.

7

VII

ErrorDetection&Recovery

Typesoferrors,Errorsatdifferentphases,LexicalPhase

errors,syntacticphaseerrors,semanticerrors,Errorrecovery

strategies,Panicmode,Phraselevelrecovery,Error

production,Globalproduction,Errorrecoveryinparsing,Run-

timeerrors.

7

VIII

CodeOptimizationandCodeGeneration

Principlessourcesofoptimization,loopoptimization,DAG

representationofbasicblocks,valuesnumbersandalgebraic

laws,Globaldata-flowanalysis,Machine-Independent

Optimizations,Issuesinthedesignofcodegenerator,a

simplecodegenerator,BasicBlocksandFlowGraphs,

OptimizationofBasicBlocks,registerallocationand

assignment,codegenerationfrom DAG,CodeGenerator.

8

SuggestedReadings:

1.Aho,Sethi&Ullman,"Compilers:Principles,TechniquesandTools”,2ndEdition,Pearson

Education,2007.

2. VRaghvan,“PrinciplesofCompilerDesign”,TataMcGrawHillEducation,2010.

3. KennethC.Louden,”CompilerConstruction”,PWSPublishingCompany(CengageLearning),
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13

Programme/Class:B.Sc.
(Research)inScience

Year:Fourth Semester:Seven

Subject:ComputerScience

CourseCode:B070702T CourseTitle:DigitalImageProcessing

Courseoutcomes:
ThestudentwillbeabletounderstandthebasicsofComputerGraphics,he/shewillbeable
todocertainoperationsofgraphicssuchasdrawingdifferentshapes,editingofthese
shapes.Thestudentwouldbeabletodo2D and3D Transformationsliketranslation,
scaling,rotation,reflectionandmanymore.
ThestudentwillbeabletounderstandthebasicsofDigitalImageprocessing,he/shewill
beabletoperform transformationsonimagestoenhancethequalityoftheseimages.The
studentwouldbeabletounderstandaboutvariousfiltersthatcanbeappliedonimagesto
enhanceanimageortorestorethatimage.He/shewouldbeabletodetectapoint,alineor
anedgefrom theimagesandhe/shewouldalsounderstandtheseveraltechniquesto
compressanimage.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

Introduction:Pixel,Frame,Buffer,ApplicationsOf

ComputerGraphics,GraphicDisplays-Random Scan

Displays,RasterScanDisplays,PointsAndLines,Line

DrawingAlgorithms,CircleGeneratingAlgorithms.Polygon

GenerationAndPolygonFillingAlgorithm

6

II

2DTransformations:Translation,Scaling,Rotation,

Reflection,HomogeneousCoordinates,Matrix

Representations,CompositeTransformations,Reflections

AndShearing.

ThreeDimensional:3-DGeometricPrimitives,3-DObject

8
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14

Representation,3-DTransformation::Translation,Scaling,

Rotation,3-DViewing,Projections,3-DClipping.

III

WindowingAndClipping:2-DClippingAlgorithms-Line

ClippingAlgorithmsLikeCohenSutherlandLineClipping

Algorithm,LiangBarskyAlgorithm,PolygonClipping–

SutherlandHodgemanPolygonClipping,TextClipping

6

IV

DIGITALIMAGEFUNDAMENTALS:Applications,Stepsin

DigitalImageProcessing–ComponentsofDigitalImage

Processor,ImageAcquisition

IMAGEDIGITIZATION:ImageSamplingandQuantization,

RepresentingDigitalImages,SpatialandGraylevel

resolution,ZoomingandShrinking,Relationshipsbetween

pixels:neighborsofapixel,Adjacency,Connectivity,

Regions,Boundaries,Colorimagefundamentals:RGB

8

V

IMAGEENHANCEMENTINSPATIALDOMAIN:Graylevel

transformations,Histogram processing:Histogram

Equalization,Histogram Matching,BasicsofSpatial

Filtering,SmoothingandSharpeningSpatialFiltering

IMAGEENHANCEMENTINFREQUENCYDOMAIN:

IntroductiontoFourierTransform,DFT,DCT,Walsh

Hadamard,SmoothingandSharpeningfrequencydomain

filters:Ideal,ButterworthandGaussianfilters(lowpass

andhighpassfilters)

8

VI

IMAGERESTORATION:ImageRestoration,degradation

model,Properties,Noisemodels,MeanFilters,Order

Statistics,Adaptivefilters,BandrejectFilters,Bandpass

Filters,NotchFilter,InverseFiltering,WienerFiltering

8

VII

IMAGESEGMENTATION:Pointdetection,Linedetection,

Edgedetection,EdgelinkingviaHoughtransform ,Region

basedsegmentation,Morphologicalprocessing-erosion

anddilation,Segmentationbymorphologicalwatersheds

8

VIII

IMAGECOMPRESSIONANDRECOGNITION:Needfordata

compression,Lossycompression:Transform coding,

LosslessCompression:Huffman,RunLengthEncoding,

Arithmeticcoding,JPEGstandard,MPEG,Fidelitycriteria.

8
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Programme/Class:B.Sc.(Research)in
Science

Year:Fourth Semester:Seven

Subject:ComputerScience

CourseCode:B070703T CourseTitle:SoftwareEngineering

Courseoutcomes:

CO1Describesoftwareengineeringlayeredtechnologyandprocessframework.
CO2Introducestheories,models,andtechniquesthatprovideabasisforthesoftware
developmentlifecycle.
CO3Introducessoftwaretestingapproachesincludingverificationandvalidation,
staticanalysis,reviews,inspections,andaudits.
CO4Understandingoftheroleofprojectmanagementincludingplanning,scheduling,
riskmanagement,etc.
CO5Workasanindividualand/orinteam todevelopanddeliverqualitysoftware.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic
No.of

Lectures

I
Software Engineering Fundamentals: Definition of
Software,Softwarecharacteristics,SoftwareApplications.
SoftwareProcess:SoftwareProcessModels-Waterfall
model,prototyping model,spiralmodel,incremental
model, concurrent development model. Project
managementConcepts:TheManagementSpectrum -The
People,TheProduct,TheProcess,TheProject.

11
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II

Software Process and ProjectMetrics :Measures ,
MetricsandIndicators,SoftwaremeasurementSize-
OrientedMetrics,Function-OrientedMetrics,Extended
Functionpointmetrics

4

III
SoftwareProjectPlanning:
ProjectPlanningObjectives,SoftwareProjectEstimation,

DecompositionTechniques-Problem BasedEstimation
ProcessBasedEstimation,EmpiricalEstimationModels-
The COCOMO ModelRisk Analysis and Management:
Softwarerisks,Riskidentification,RiskProjection,Risk
Refinement, Risk Mitigation , Monitoring and
Management.

11

IV
Software Quality Assurance:Basic concepts-Quality,
Quality Control,Quality Assurance,CostofQuality ,
Software QualityAssurance (SQA),FormalTechnical
Review

4

V

SoftwareConfigurationManagement
Baselines ,Software Configuration Items,The SCM
Process,VersionControl,ChangeControl,Configuration
Audit,StatusReporting.AnalysisConceptsandPrinciples:
RequirementsElicitationforSoftware,AnalysisPrinciples.
TheInformationDomain,Modeling,Partitioning,Essential
and Implementation Views,Specification:Specification
Principles,Representation,The Software Requirement
Specification(SRS)

8

VI Design Concepts and Principles: Design Principles,
DesignConcepts— Abstraction,Refinement,Modularity,
Software Architecture, Control Hierarchy, Structural
Partitioning, Data Structure. Software Procedure,
Structure,InformationHiding,EffectiveModularDesign-
Cohesion,Coupling

7

VII SoftwareTesting:TestingObjectives& principles,Unit
Testing,Integration Testing (Top Down Integration ,
Bottom. Up Integration,Regression Testing,Smoke
Testing),Validation Testing (Alpha and Beta Testing),
System Testing (Recovery Testing,Security Testing,
StressTesting,PerformanceTesting).

7

VIII UNIT-VReengineering:SoftwareReengineering,Reverse
Engineering,Restructuring,Forward Engineering CASE
Tools:What is CASE,Building Blocks of CASE,A
TaxonomyofCASETools,IntegratedCASEEnvironments,
TheintegrationArchitecture,TheCASERepository.

8

SuggestedReadings:

1.RogerS.Pressman,Softwareengineering-Apractitioner’sApproach,McGraw-Hill

2.IanSommerville,Softwareengineering,PearsoneducationAsia,6thedition,2000.

3.PankajJalote-AnIntegratedApproachtoSoftwareEngineering,SpringerVerlag,1997.

4.JamesFPetersandWitoldPedryez,“SoftwareEngineering–AnEngineeringApproach”,
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Programme/Class:

Bachelor(Research)in

Science

Year:Fourth
Semester:VII

Subject:Computers

CourseCode:BT070704P
CourseTitle:CompilerDesignLab

CourseOutcomes
Afterthecompletionofthecourse,thestudentwillbeableto
CO1-Acquirethebasicknowledgeofimplementationoflexicalrules,andgrammarsfor
programminglanguage.
CO2-Applyparsingtechniquesongivenexpression,basedongivengrammar.
CO3-Abletodevelopsmalltoolsfordifferentcompilerdesignconcepts.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:

Unit Topics No.of
Lectures

I

IntroductionandLexicalAnalysis

Specification&Recognitionoftokens,Regularsetsand

expression,Finiteautomata,ConversionofRegular

expressiontoFiniteautomata,ObtainingRegular

25
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expressionfrom FiniteAutomata,LEX-compiler.

II

Parsing

ContextFreeGrammar,DerivationandParseTree,Basic

ParsingTechniques:LLparsing,SLRParser,LALRParser,

implementationofLRparsingtables,recursivedescent

parsing.

25

III

Syntax-directedTranslation

Postfixnotation,Parsetreesandsyntaxtrees,L-attribute

andS-attribute,threeaddresscode,quadruple,triples,

Postfixnotation,arithmeticexpressions,procedurescall,

declarationsandcasestatements.

10

SuggestedReadings:

5.Aho,Sethi&Ullman,"Compilers:Principles,TechniquesandTools”,2ndEdition,Pearson

Education,2007.

6.KennethC.Louden,”CompilerConstruction”,PWSPublishingCompany(CengageLearning),

1997.

7. CharlesN.FischerandRicardJ.LeBlanc,”CraftingaCompilerwithC”,PearsonEducation,

1991.

8.JohnLevine, DougBrown, TonyMason,“LEXandYACC,”2ndEdition,O’Relly,1992.

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.

Courseprerequisites:

Goodunderstandingofcomputerarchitecture,operatingsystem,datastructure,andalgorithms.
GoodknowledgeofC/C++programminglanguage,andabilitytoreasonwell.

FurtherSuggestions:SuggestedPrograms.

1.Provideasampleminisourcelanguageandaskthestudentstowritealexicalanalyzerin

C/C++toidentifythetokensdefinedbythegrammar.

2.Writetheprogram torecognizethestrings.

3.Writetheprogram todetectthevalidvariables.

4.Writetheprogram toidentifyvalidoperators.

5.ImplementthelexicalanalyzerusingJLex,flexorotherlexicalanalyzergeneratingtools.

6.WriteaCprogram forimplementingthefunctionalitiesofpredictiveparserforthemini

language.

7.WriteaCprogram forconstructingofLL(1)parsing.

8.*WriteaCprogram forconstructingrecursivedescentparsing.

9.WriteaCprogram toimplementLALRparsing.

10.WriteaCprogram toimplementoperatorprecedenceparsing.

11.WriteaCprogram toimplementProgram semanticrulestocalculatetheexpressionthattakes
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Programme/Class:

Bachelor(Research)in

Science

Year:Fourth

Semester:Eighth

Subject:ComputerScience

CourseCode:B070801T
CourseTitle:ArtificialNeuralNetwork

Courseoutcomes:
1.GettheexposuretoArtificialNeuralNetworks.
2.UnderstandtheModelingofNeuronandExpressbothArtificialIntelligence

andNeuralNetwork
3.AnalyzeANNlearning,Errorcorrectionlearning,Memory-basedlearning,

Hebbianlearning,CompetitivelearningandBoltzmannlearning
4.ImplementSimplePerceptron,Perceptronlearningalgorithm,Convergence

theorem,linerclassifierandlimitationofperceptronarchitecture
5.Developfeedforwardmultilayerneuralnetwork,DevelopDeltalearningruleof

theoutputlayerandRadialbasisnetwork
6.ImplementationofRecurrentneuralnetworks,AnalysisofHopfieldenergy

functionandproblem oflocalminima.
7.ImplementationofstochasticHopfieldneuralnetwork,simulatedannealing

andBoltzmannmachine.
8.GettheexposureofSelforganizingMap,ARTandNecognitron

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

IntroductiontoNeuralNetworks:NeuralNetwork,HumanBrain,

Patternanddata,patternrecognitiontasks,ModelsofNeuron,

Neuralnetworksviewedasdirectedgraphs,BiologicalNeural

Network,Artificialneuron,ArtificialNeuralNetworkarchitecture,

ANNlearning,analysisandapplications,Topologyofartificial

neuralnetworks.

7
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II

Activationandsynapticdynamics:Activationdynamicsmodel,

Bidirectionalassociativememory,Lyapunovfunctionanalysis

forstability,fixedpointstability,Grossbergactivationmodels,

Synapticdynamicsmodels,learningequation,typesoflearning,

requirementsoflearninglaws,Learningmethods(Hebbian

learning,Competitivelearning,Errorcorrectionlearning,

Reinforcementlearning)

8

III

Linearassociator,SupervisedHebbianlearninganditsanalysis.,

SinglelayerPerception,Patternclassification,Linearclassifier,

SimplePerceptron,Perceptronlearningalgorithm,Convergence

Theorem andLimitationofPerception.

7

IV

FeedforwardANN,StructuresofMulti-layerfeedforward

networks.Backpropagationalgorithm,Backpropagation-

trainingandconvergence,Functionalapproximationwithback

propagation.Practicalanddesignissuesofbackpropagation

learning

8

V

RadialBasisFunctionNetworks,Patternseparabilityand

interpolation,RegularizationTheorRegularizationandRBF

networks.RBFnetworkdesignandtraining.Approximation

propertiesofRBF.

7

VI

Feedbackneuralnetworks:Patternstorageandassociation,

Hopfieldmodel,EnergyanalysisofHopfieldnetwork,Problem

offalseminima,Stochasticnetworks,Equilibrium ofstochastic

networks,Stabilityinstochasticnetworks,operationofa

stochasticnetwork,simulatedannealing,Architectureofa

Boltzmannmachine,Boltzmannlearninglaw

8

VII

CompetitiveLearningneuralnetworks:Introduction,

Componentsofcompetitivelearningnetworks,Basic

competitiveLearning,PatternClustering,linearVector

Quantization,Analysisoffeaturemappingnetwork,Self

organizingmap

7

VIII

ClassicalARTNetwork,SimplifiedARTArchitecture,ART1and

ART2Architectureandalgorithms,Applications,Sensitivitiesof

orderingofdata.ApplicationsofANN:Patternclassification–

RecognitionofOlympicgamessymbols,Recognitionofprinted

Characters.Neocognitron–Recognitionofhandwritten

characters.NETTalk:toconvertEnglishtexttospeech.

Recognitionofconsonantvowel(CV)segments,texture

classificationandsegmentation

8
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SuggestedReadings:

1.B.Yegnanarayana“ARTIFICIALNEURALNETWORK”PHIPublication,1998.
2.“Fundamentalsofartificialneuralnetworks”,MITpress,MohamadH.Hassoun,1995
3.KevinL.Priddy,PaulE.Keller,“Artificialneuralnetworks:AnIntroduction”-SPIEPress,2005
4.Nelson,Morgan,“Artificialneuralnetwork:ElectronicImplementations”–IEEEPress,1990

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.Mathematics,B.Sc.inEngineering,
B.Sc.Vocational,BCA,B.E./B.Tech,M.E./M.Tech

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;True
orFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:

HigherEngineeringMathematicse.g.linearalgebra,multivariatecalculusandProbabilitytheory,

Fundamentalknowledgeofsignalsandsystemsalongwithtypes,Mathematicalrepresentationof

signalsandsystem modelingintimeaswellasfrequencydomain.Transformsespeciallylike

Laplacian,FourierandZ.ArtificialIntelligenceandControlsystem Engineering.

Suggestedequivalentonlinecourses:

Learningwebsite:www.ocw.mit.edu,www.learnartificialneuralnetworks.com,www.neural-

forecasting.com
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Programme/Class:B.Sc.
(Research)inScience

Year:Fourth Semester:Eighth

Subject:ComputerScience

CourseCode:B070802T CourseTitle:MobileApplications

Courseoutcomes:
Afterthecompletionofthecoursethestudentswillbeableto:

1.Understandsthebasicconceptsofeventdrivenprogramming.
2.Designandimplementmobileapplications.
3.Understanddatapersistence.
4.Perform RemoteData-StorageandCommunication.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

EventDrivenProgramming:UIeventloop,Threadingfor
background tasks, Outlets / actions, delegation,
notification,ModelViewController(MVC)designpattern. 7

II

Mobile application issues:limited resources (memory,
display,network,filesystem),input/output(multi-touch
andgestures),sensors(camera,compass,accelerometer,
GPS)

8

III Development tools:Apple iOS toolchain:Objective-C,
XcodeIDE,InterfaceBuilder,Devicesimulator.

7
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IV

Frameworks:Objective-C and Foundation Frameworks,
CocoaTouch,UIKit,Others:CoreGraphics,CoreAnimation,
CoreLocationandMaps,BasicInteraction.

8

V

CommonUI'sformobiledevices:NavigationControllers,
TabBars,TableViews,Modalviews,UILayout. 7

VI DataPersistence:Maintainingstatebetween

applicationinvocations,Filesystem,PropertyLists,

SQLite,CoreData

8

VII RemoteData-StorageandCommunication:"BackEnd"/
serversideofapplication,RESTfulprogramming,HTTPget,
post,put,delete,databasedesign,serversideJavaScript/
JSON

8

VIII Code signing: security,Keychain,Developersand App
StoreLicenseAgreement

7
SuggestedReadings:

1.RajivRamnath,RogerCrawfis,andPaoloSivilotti,AndroidSDK3for
Dummies,Wiley,2011.

2.ValentinoLee,HeatherSchneider,andRobbieSchell,MobileApplications:
Architecture,Design,andDevelopment,PrenticeHall,2004.

3.BrianFling,MobileDesignandDevelopment,O'ReillyMedia,2009.Maximiliano
4.Firtman,ProgrammingtheMobileWeb,O'ReillyMedia,2010.
5.ChristianCrumlishandErinMalone,DesigningSocialInterfaces,O'ReillyMedia,

2009.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectDataStructures,DBMS,
OperatingSystem,ObjectOrientedProgrammingwithC++

Suggestedequivalentonlinecourses:
1.https://onlinecourses.nptel.ac.in/noc20_cs52/preview
2.https://nptel.ac.in/courses/106/106/106106156/
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FurtherSuggestions:
None

Programme/Class:B.Sc.
(Research)inScience

Year:Fourth Semester:Eighth

Subject:ComputerScience

CourseCode:B070803T
CourseTitle:Quantum InformationComputing

Courseoutcomes:
Studentswouldlearntheframeworkofquantum computation,andhowthatmaybeusefulfor
futurequantum technologies.Thiscourseteachesthefundamentalsofquantum information
processing,includingquantum computation,quantum cryptography,andquantum information
theory.Thelast20yearshaveseenthediscoveryofalgorithmsthatdirectlyharnessthelawsof
quantum mechanicstospeedupcertaincomputationsandensuresecrecyofcommunications.
Therearefastquantum algorithmstofactorlargeintegersandcomputediscretelogarithms,
which,ifimplemented,threatenthesecurityoftheencryptionschemesincommonusetoday.
Thispossibilityhasspurredseveralmajorandongoingattemptstobuildquantum computers.
Quantum computationmightalsobeusefulinsimulatingcomplexquantum systemssuchas
largemolecules.
CourseObjective:Themainobjectiveofthiscourseistoprovidethestudentwiththebasic
understandingofquantum computationandquantum information.Followingobjectiveswill
cover:
 Understandingofquantum bitsandquantum gates
 Analyzethebehaviorofbasicquantum algorithms
 Implementsimplequantum algorithmsandinformationchannelsinthequantum circuit
model
 Simulateasimplequantum error-correctingcode
 Provebasicfactsaboutquantum informationchannels
Thiscoursewillprimarilyfocusonthemathematicalandcomputerscienceaspectofit.Itwill
startthebyanswering“whyquantum computing?”andthenmoveontostudythebasiclinear
algebraandcomputerscienceneededtounderstandthetheoryofquantum computation.Thenit
willexploretheideaofquantum circuitmodelinwhichmostofthequantum algorithmsare
designed.Thefinalpartofthecoursewilllookatquantum algorithmsandadvantagetheyoffer
overclassicalcomputer.



30

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

Introduction to Quantum computing:Historyofquantum
computation and quantum information, quantum bits,
generalview ofquantum computation,quantum circuits,
algorithms,operations,Qubits versus classicalbits,Bloch
sphererepresentationofaqubit,multiplequbits

8

II

BackgroundMathematicsandPhysics:Hilberspace,Bases
and linearindependence,Linearoperators and matrices,
Paulimatrices,innerproducts,Eigenvectors and Eigen
values,Adjointand Hermitian operators,Tensorproduct,
operatorfunctions,

7

III

Postulatesofquantum mechanics:Statespace,Evolution,
quantum measurement,Distinguishing quantum states,
projectivemeasurement,phase,compositesystem,density
operator,EPRandtheBellinequality

7

IV

Quantum Circuits:singlequbitgates,multiplequbitgates,
design ofquantum circuits,Quantum algorithms,single
qubit operations, controlled operations, measurement,
universal quantum gates, quantum circuit model for
computation,simulationofquantum systems

8

V

Quantum Information and Cryptography: Comparison
between classicaland quantum information theory.Bell
states.Quantum teleportation.Quantum Cryptography,no
cloningtheorem.

8

VI

Quantum Algorithms:Classicalcomputation on quantum
computers.Relationship between quantum and classical
complexityclasses.Deutsch’salgorithm,Deutsch’s-Jozsa
algorithm,Shorfactorization,Groversearch.

7

VII

Noise and errorcorrection:classicalnoise and Markov
process, quantum operations, Axiomatic approach to
quantum operations, examples ofquantum noise and
quantum operations,applicationofquantum operations

8
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Programme/Class:B.Sc.(Research)in
Science

Year:Fourth Semester:Eighth

Subject:ComputerScience

CourseCode:B070804P CourseTitle:ArtificialNeuralNetworkLab

Courseoutcomes:
AfterCompletingthecoursestudentswillbeableto
CO1:Understandthecharacteristicsandtypesofartificialneuralnetworkandremember
workingofbiologicalNeuronandArtificialNeuralNetwork.
CO2:ApplylearningalgorithmsonperceptronandapplybackpropagationlearningonNeural
Network.
CO3:Implementdifferenttypesofcorrelators.
CO4:ImplementLogicgates..

Credits:4 Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8
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SuggestedReadings:
1.RafaelC.Gonzalez,RichardE.Woods,“DigitalImageProcessing”,Pearson,FourthEdition,

2017

2.AnilK.Jain,“FundamentalsofDigitalImageProcessing”,Pearson,FourthEdition.

3.KennethR.Castleman,“DigitalImageProcessing”,Pearson,2006.

4.RafaelC.Gonzalez,RichardE.Woods,StevenEddins,“DigitalImageProcessingusing

MATLAB”PearsonEducation,Inc.,2011.

Listofexperiments:(UsePythonORMATLAB)

1 Createaperceptronwithappropriateno.ofinputsand outputs.Trainitusing fixed

incrementlearningalgorithm untilnochangeinweightsisrequired.Outputthefinalweights.

2CreateasimpleADALINEnetworkwithappropriateno.ofinputandoutputnodes.Trainit

usingdeltalearningruleuntilnochangeinweightsisrequired.Outputthefinalweights.

3Traintheautocorrelatorbygivenpatterns:A1=(-1,1,-1,1),A2=(1,1,1,-1),A3=(-1,-1,-1,1).Test

itusingpatterns:Ax=(-1,1,-1,1),Ay=(1,1,1,1),Az=(-1,-1,-1,-1).

4Trainthehetrocorrelatorusingmultipletrainingencodingstrategyforgivenpatterns:

A1=(000111001) B1=(010000111),A2=(111001110) B2=(100000001),A3=(110110101)

B3(101001010).TestitusingpatternA2.

5.ToWriteaprogram toimplementPerceptron.

6.Towriteaprogram toimplementANDORgatesusingPerceptron.

7.BuildanArtificialNeuralNetworkbyimplementingtheBackpropagationalgorithm andtest

thesameusingappropriatedatasets.

8.Implementationoflogicgatemodel(AND,OR,NOT,NAND,NOR)usingMcCulloh– Pitts

model.

9.ImplementationofUnsupervisedLearningAlgorithm.

10.ImplementtheHopfieldneuralnetworkforpatternstorageandrecalling.

11.ImplementtheBoltzmannmachineforpatternstorageandrecallingusingsimulated

annealing.

12.Implementthelinearassociatorforpatternrecallingandencoding.

13.ImplementtheRBFnetworkforregularizationandapproximation.

14.Implementthepatternclusteringforthegivensetofpatternsusingcompetitivelearning.

15.ImplementtheSOM forvectorquantizationanddatacompression.

16.ImplementtheSOM forfeaturemapping.

17.Implementneuralnetworkforpatternclassificationofgivensamplepatterns.

Programme/Class:B.Sc.
(Research)inScience

Year:Fourth Semester:Eighth

Subject:ComputerScience

CourseCode:B070805P CourseTitle:MobileApplicationsLab

Courseoutcomes:

Thestudentshouldbeableto:
1.InstallAndriodEnvironment.
2.Understandresources,layouts,andintents
3.Developsmallapplicationonandroidplatform.
4.DevelopsmallapplicationusingSQLite
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Programme/Class:M.Sc.
(ComputerScience)

Year:Fifth Semester:Ninth

Subject:ComputerScience

CourseCode:B070901T
CourseTitle:InformationandNetworkSecurity

Courseoutcomes:Afterthecompletionofthecourse,thestudentswillbeable:

CO1:Tounderstandtheconceptsofinformationsecurityandtheirneedandapplication.

CO2:Tounderstandthenetworksecurityservicesandmechanisms.

CO3:Toapplycryptographicalgorithmsforinformationandnetworksecurity.

CO4:Tolearntheconceptofkey,keymanagement,keydistributionincryptographicsystems.

CO5:TounderstandDataintegrity,Authentication,DigitalSignaturesBiometricSecuritySystems.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

Information security, Information Management
Technologies,Security policies,Policy enforcement&
related issues, Components of Information System,
Security Models,Balancing Information Security and
Access,CipherModel,Stream ciphersandblockciphers,
Cryptography,Cryptanalysis,Attacks,Substitution and
Transposition techniques,Web Security threats,Internet
SecurityProtocols.

8

II

Symmetricandasymmetrickeycryptography,Symmetric
keyCiphers:DESstructure,DESAnalysis,SecurityofDES,
variants of DES,Multiple encryption and triple DES,
ElectronicCodeBook,Blockciphermodesofoperation,
CipherBlockChainingMode,AESstructure,Analysisof
AES.

8

III

Asymmetric key Ciphers,Random numbergeneration,
Fundamentals ofentity authentication,Zero-knowledge
mechanisms,CryptographicProtocols,Authenticationand
key establishmentprotocols,Principles ofpublic key
cryptosystems, Public Key Cryptosystems with
Applications, Requirements and Cryptanalysis, RSA
algorithm,itscomputationalaspectsandsecurity.

8

IV

CryptographicMACandHashFunctions,theirapplications,
Simplehashfunctions,itsrequirementsandsecurity,Hash
functionsbasedonCipherBlockChaining,SecureHash
Algorithm (SHA),Whirlpool,HMAC.

7

V
Keymanagementfundamentals,Keylengthsandlifetimes,
Key generation,Key establishment,Key storage,Key

8
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usage, Governing key management, Public-Key
Management,Certification of public keys,certificate
lifecycle,Public-keymanagementmodels,Keydistribution,
symmetrickeydistribution,Diffie-HillmanKeyExchange
algorithm,Man-in-Middleattack.

VI

DigitalSignature,itsproperties,requirementsandsecurity,
variousdigitalsignatureschemes(ElgamalandSchnorr),
NIST digital signature algorithm, Defining Intrusion
Detection,SecurityconceptsintrusionDetectionconcept,
determiningstrategiesforIntrusionDetection,Responses,
VulnerabilityAnalysis,Credentialedapproaches,Technical
issues.

7

VII

Remote user authentication with symmetric and
asymmetric
encryption,Kerberos,IPSec,SecureSocketLayer(SSL),
Transport Layer Security (TLS), Secure Electronic
Transaction(SET),PrettyGoodPrivacy(PGP),S/MIME.

7

VIII

BiometricFundamentals,TypesofBiometrics,Fingerprints
andHandGeometry,FacialandVoiceRecognition,Irisand
Retina scanning,Signature Recognition and Keystroke
Dynamics, Behavioral and Esoteric Biometric
Technologies,IssuesInvolvingBiometrics,Privacy,Policy
andLegalConcernsRaisedbyBiometrics.

7

SuggestedReadings:

1.William Stallings,“CryptographyAndNetworkSecurity:PrinciplesandPractice,”SixthEdition,

PearsonEducation,2013.

2.MarkStamp,“InformationSecurityPrinciplesandPractice,”WillyIndia,2006.

3.ForouzanandMukhopadhyay,“Cryptography&NetworkSecurity,”SecondEdition,McGrawHill

Education,2010.

4.AtulKahate,“CryptographyandNetworkSecurity,”FourthEdition,McGrawHill,2019.

5.CKShyamala,NHarini,TRPadmanabhan,“CryptographyandSecurity,”Wiley-India,2011.

6.Godbole,“InformationSystemsSecurity:SecurityManagement,Metrics,FrameworksandBest

Practices,”SecondEdition,Wiley,2017.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.Mathematics,B.Sc.inEngineering,
B.Sc.Vocational,BCA,B.E./B.Tech,M.E./M.Tech

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.

Courseprerequisites:

Mathematicalconceptsincludingnumbertheory,random numbers,andbasicconceptsof

computernetworksandcommunication
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Suggestedequivalentonlinecourses:

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071001T CourseTitle:ParallelComputingandAlgorithms

Courseoutcomes:
Afterthecompletionofthecoursethestudentswillbeableto:

1.Understandsthedifferencebetweensequentialandparallelmode.
2.Understandstheparallelprogrammingplatforms.
3.Writeparallelalgorithm fordifferentcomputationalmodels.
4.Understandparallelalgorithmsfordifferentdatastructures.

Credits:4 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

IntroductiontoParallelComputing:Sequentialmodel,needof
alternative model,Motivating Parallelism,Scope ofParallel
Computing. 4

II

ParallelProgrammingPlatforms:ImplicitParallelism:Trendsin
MicroprocessorArchitectures,LimitationsofMemorySystem
Performance,Dichotomy of ParallelComputing Platforms,
PhysicalOrganization ofParallelPlatforms,Communication
CostsinParallelMachines

8

III Parallelcomputationalmodels:PRAM,LMCC,Hypercube,Cube

Connected Cycle,Butterfly,PerfectShuffleComputers,Tree

model,Pyramidmodel,FullyConnectedmodel,PRAM-CREW,

EREW models,simulationofonemodelfrom anotherone.

10

IV

Performance Metrics: Performance Measures of Parallel
Algorithms,speed-upandefficiencyofPA,Costoptimality,An
example of illustrate Cost-optimal algorithms- such as
summation,Min/Maxonvariousmodels.

8

ParallelSorting Networks:ParallelMerging Algorithms on

CREW/EREW/MCC, parallel Sorting Networks on 7
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V
CREW/EREW/MCC,lineararray

VI ParallelSearchingAlgorithm:Kthelement,KthelementinX+Y

on PRAM,ParallelMatrix Transportation and Multiplication

Algorithm onPRAM,MCC,Vector-MatrixMultiplication,Solution

ofLinearEquation,Rootfinding.

8

VII Graph Algorithms:-Definitionsand Representation,Minimum
SpanningTree:Prim'sAlgorithm,Single-SourceShortestPaths:
Dijkstra'sAlgorithm,All-PairsShortestPaths,TransitiveClosure,
Connectedcomponents.

7

VIII SearchAlgorithmsforDiscreteOptimizationProblems:Definitions
and Examples,SequentialSearch Algorithms,Search Overhead
Factor,ParallelDepth-FirstSearch,ParallelBest-FirstSearch,Speedup
AnomaliesinParallelSearchAlgorithms

8

SuggestedReadings:
1.M.J.Quinn,“DesigningEfficientAlgorithmsforParallelComputer”byMcGrawHill.
2.S.G.Akl,“DesignandAnalysisofParallelAlgorithms”
3.S.G.Akl,”ParallelSortingAlgorithm”byAcademicPress.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectDataStructures,
Algorithm DesignandAnalysis,ComputerNetwork,ComputerArchitecture,

Suggestedequivalentonlinecourses:
1.https://nptel.ac.in/courses/106/102/106102114/
2.https://www.coursera.org/learn/introduction-high-performance-computing

FurtherSuggestions:
None
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SpecializationGroupA: MachineLearning

Paper
Code

PaperTitle Core/Elective Theory/
Practical

Credit Semest
er

B070902T FoundationonArtificialIntelligence Core Theory 4 9

B070903P LabonFoundationonArtificial
Intelligence

Core Practical 4 9

ChooseElectivesIfrom thelist

B070904T MachineLearningTechniques Theory
Elective

Theory 4 9

B070905T DeepLearning Theory
Elective

Theory 4 9

B070906P LabonMachineLearningTechniques LabElective Practical 4 9

B070907P LabonDeepLearning LabElective Practical 4 9

ChooseElectivesII,IIIfrom thelist

B071002T Quantum Neuralnetwork Theory
Elective

Theory 4 10

B071003T PatternRecognition Theory
Elective

Theory 4 10

B071004T NaturalLanguageProcessing Theory
Elective

Theory 4 10

B071005P LabonQuantum Neuralnetwork LabElective Practical 4 10

B071006P LabonPatternRecognition LabElective Practical 4 10

B071007P LabonNaturalLanguageProcessing LabElective Practical 4 10
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Programme:Masterin

Science(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070902T CourseTitle:FoundationonArtificialIntelligence

Courseoutcomes:Uponthecompletionofthecourse,thestudentwillbeabletounderstand
thebasicsofAI,itsApplicationsintherealworld,how torepresentarealworldproblem
(likeWaterJugProblem,TravellingSalesmanProblem,TicTacToe,ChessPlayingetc.)
andtogetthesolutionthroughvarioussearchalgorithms.Thestudentwilllearn,how
machinesanswertocertainquestionsinvariousfields.Studentcanalsounderstandabout
Expertsystemsthatareusedwidelyinvariousfields.

Credits:2 CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:2-0-0

Unit Topics No.of
Lectures

I

IntroductionToArtificialIntelligence,FoundationsAnd
HistoryOfArtificialIntelligence,Problem DomainOfAI,

GeneralIssuesInAI,AlTechniques,AlTasks,GamePlaying,
Theorem Proving, Robotics, Perception And Speech
Recognition,NLP,ExpertSystem,CriteriaOfSuccess,Level
Of Modeling, State Space Representation, Problem

Description. Applications Of Artificial Intelligence,

Intelligentagents

7

II

Problem Representation,Introduction To Search :
Searching ForSolutions,Production system,control
strategies,Problemslikewaterjug,8-puzzle,travelling
salesmanandetc.,Backtrackingalgorithm,BreadthFirst

Search,Depth FirstSearch,Iterative Deepings,Problem

Characteristic,CommutativeProductionSystem,Random
search,Bidirectionalsearch,Uniform costsearching,
branchandboundsearching.

8

III

HeuristicSearchMethods,A*Algorithm,ObservationonA*
algorithm,admissibilityofA*,Problem Reduction,And-OR
Graphs,HillClimbing,ConstraintSatisfaction,GamePlaying,
MinmaxSearch Procedure And Alpha Beta Cutoff,Local
beam search, Memory based searching, Simulated
annealing.

7

IV
Knowledge Representation Issues In Knowledge
Representation Characteristic Of The Knowledge And 8
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KnowledgeRepresentation Model,Representation Mapping,
Issues,VariousKindOfKnowledgeRepresentationModels,
FirstOrderPredicateLogic,ItsProperties,RepresentationIn
Wff Application Of Predicate Logic In A.1, Backward
Reasoning Method,Resolution,RulesOfInference,Modus
Pones,ClauseForm Representation,Theorem Proving,Control
Strategies (BF,LinearInputForm,SetOfSupportEtc.),
Unification,QuestioningAndAnswering.

V

Naturaldeduction,RuleBasedSystems,DeficienciesIn
Clause Form And Resolution, Forward Rule Base
Deduction System,Backward Rule Base Deduction
System,RepresentationOfFacts,RuleAndGoalWffsIn
AND ORGraphRepresentation,UnifyCompositionAnd
AnswerExtraction.ExpertSystems,Components Of
ExpertSystems,ApplicationsOfExpertSystem

7

VI

Object - Centred Structure Of Knowledge
Representation,Its Advantages,Isa And Instance
Representation, Class Inclusion And Membership,
PropertyInheritance,SemanticNet,PartitionSemantic
Net,Presentation Of Wffs Of Predicate Logic In
SemanticNet,FrameStructure,RegularClassAndMeta
Classes, Property Inheritance Algorithm. Scripts,
conceptualdependency.

8

VII

Handling Uncertainty,Basicprobabilitytheory,prior
probability,conditionalprobability,Inferenceusingfull
jointdistribution,Bay’s rule,Probabilistic Reasoning,
Bayesian Networks, Exact Inference in Bayesian
networks,Inferencebyenumeration,UsingOfCertainty
Factory,DifferentModelsForHandlingUncertaintyAnd
ItsReasoningForA.I.,CaseStudyOfMYCIN

8

VIII

Learning,formsoflearning,inductivelearning,learning
decisiontrees,ensemblelearning,logicalformulationof
learning,knowledge in learning,explanation based
learning,learningusingrelevanceinformation,inductive
logicprogramming.

7

SuggestedReadings:

1.ElaineRichandKevinKnight,“ArtificialIntelligence”,McGraw-Hill,India,2017,Third
Edition,

2.DanW.Patterson,“ArtificialIntelligenceandExpertSystems”,PrenticeHallof

India,2015
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Programme:Masterin

Science(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070903P CourseTitle:LabonArtificialIntelligence

Courseoutcomes:

Uponthecompletionofthecourse,thestudentwillbeableimplementarealworldproblem
(likeWaterJugProblem,TravellingSalesmanProblem,TicTacToe,ChessPlayingetc.)
andtogetthesolutionthroughvarioussearchalgorithms.Thestudentwilllearn,how
machinesanswertocertainquestionsinvariousfields.Studentcanalsounderstandabout
Expertsystemsthatareusedwidelyinvariousfields.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:

1.ElaineRichandKevinKnight,“ArtificialIntelligence”,McGraw-Hill,India,2017,Third
Edition,

2.DanW.Patterson,“ArtificialIntelligenceandExpertSystems”,PrenticeHallof

India,2015

3.StuartRussell,PeterNorvig,“ArtificialIntelligence–AModernApproach”,Pearson

Education,2010,ThirdEdition

4.N.P.Padhy,“ArtificialIntelligenceandIntelligentSystems”,OxfordUniversityPress,

USA,2005

LabonArtificialIntelligence
ListofPracticalinAIwithpython:

1.Writeaprogram toimplementTic-Tac-Toegameproblem.

2.Writeaprogram toimplementBFS(for8puzzleproblem orWaterJugproblem oranyAI

searchproblem).

3.Writeaprogram toimplementDFS(for8puzzleproblem orWaterJugproblem oranyAI

searchproblem).
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4.Writeaprogram toimplementSinglePlayerGame(UsingHeuristicFunction)

5.Writeaprogram toImplementA*Algorithm.

6.Writeaprogram tosolveN-Queensproblem.

7.Writeaprogram tosolvetravellingsalesmanproblem.

8.Writeaprogram toimplementhillclimbingalgorithm.

9.Writeaprogram toimplementMaxminalgorithm fortwoplayer’sgame.

10.Writeaprogram toimplementunificationprocessandresolutionprocess.

Programme/Class:Master

inScience(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070904T
CourseTitle: MachineLearningTechniques

Courseoutcomes:Thestudentswillbeabletoselectandimplementmachinelearningtechniques
andcomputingenvironmentthataresuitablefortheapplicationsunderconsideration.,hewillbe
abletosolveproblemsassociatedwithbatchlearningandonlinelearning.Studentswillhavethe
abilitytounderstandandapplyscalingupmachinelearningtechniquesandassociatedcomputing
techniquesandtechnologies.Hewouldbeabletorecognizeandimplementvariouswaysof
selectingsuitablemodelparametersfordifferentmachinelearningtechniques.

Credits:4 Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

IntroductionClassoverview:Classorganization,topics

overview, Introduction: What is ML; Problems,

Definitionoflearningsystems.Goalsandapplications

ofmachinelearning.Aspectsofdevelopingalearning

system:trainingdata,conceptrepresentation,function

approximation.

6
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II

Linearregression;SSE;gradientdescent;closedform;

normalequations;features,Overfittingandcomplexity;

training,validation,testdata,Classificationproblems;

decision boundaries; nearest neighbor methods.

Probabilityandclassification,Bayesoptimaldecisions,

Naive Bayes and Gaussian class-conditional

distributionLinearclassifiers,Bayes'RuleandNaive

Bayes Model, Logistic regression,online gradient

descent

7

III

Decision Tree Learning Representing concepts as
decisiontrees.Recursiveinductionofdecisiontrees.
Picking the best splitting attribute: entropy and
information gain.Searching for simple trees and
computationalcomplexity.Overfitting,noisydata,and
pruning.

8

IV

EnsembleLearningBagging,boosting,andDECORATE.
Activelearningwithensembles.
ExperimentalEvaluationofLearningAlgorithms
Measuring the accuracy of learned hypotheses.

Comparing learning algorithms: cross-validation,
learningcurves,andstatisticalhypothesistesting.

7

V

ComputationalLearningTheory:Modelsoflearnability:

learning in the limit;probablyapproximatelycorrect

(PAC)learning.Sample complexity:quantifying the

number of examples needed to PAC learn.

Computational complexity of training. Sample

complexityforfinitehypothesisspaces.PACresultsfor

learning conjunctions, kDNF, and kCNF. Sample

complexity for infinite hypothesis spaces,Vapnik-

Chervonenkisdimension

8

VI

SupportVectorMachines Kernels forlearning non-
linearfunctions.BayesianLearningProbabilitytheory
and Bayes rule. Naive Bayes learning algorithm.
Parametersmoothing.Generative vs.discriminative
training.Logisiticregression.BayesnetsandMarkov
netsforrepresentingdependencies.k-Nearest-neighbor
algorithm.Case-basedlearning.
Text Classification:Bag of words representation.
VectorspacemodelRelevancefeedbackandRocchio
algorithm.Versions ofnearestneighborand Naive
Bayesfortext.

8
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VII

ClusteringandUnsupervisedLearningLearningfrom
unclassifieddata.Clustering.HierarchicalAglomerative
Clustering.k-meanspartitionalclustering.Expectation
maximization(EM)forsoftclustering.Semi-supervised
learningwithEM usinglabeledandunlableddata.

8

VIII

Language Learning Classification problems in
language: word-sense disambiguation, sequence
labeling.Hidden Markov models (HMM's).Veterbi
algorithm for determining most-probable state
sequences. Forward-backward EM algorithm for
trainingtheparametersofHMM's.UseofHMM'sfor
speech recognition, part-of-speech tagging, and
informationextraction.

8

SuggestedReadings:

1.Tom M.Mitchell,“MachineLearning”,McGraw-HillEducation(India)PrivateLimited,2013.

2.Ethem Alpaydin,“IntroductiontoMachineLearning”,TheMITPress2004.

3.StephenMarsland,“MachineLearning:AnAlgorithmicPerspective”,CRCPress,2009.

4.DuttSaikat,“MachineLearning” ,Pearson

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.inEngineering,B.Sc.Vocational,
BCA,BachelorinFineArts.,B.E./B.Tech

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.

Courseprerequisites:

Tostudythiscourse,astudentmusthavehadthesubjectMathematicsinclass12th.

Suggestedequivalentonlinecourses:

FurtherSuggestions:

Programs:
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Programme:Masterin

Science(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070906P CourseTitle:LabonMachineLearningTechniques

Courseoutcomes:

Thestudentswillbeabletoselectandimplementmachinelearningtechniquesandcomputing
environmentthataresuitablefortheapplicationsunderconsideration.,hewillbeabletosolve
problemsassociatedwithbatchlearningandonlinelearning.Studentswillhavetheabilityto
understandandapplyscalingupmachinelearningtechniquesandassociatedcomputing
techniquesandtechnologies.Hewouldbeabletorecognizeandimplementvariouswaysof
selectingsuitablemodelparametersfordifferentmachinelearningtechniques.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.Tom M.Mitchell,“MachineLearning”,McGraw-HillEducation(India)PrivateLimited,2013.
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2.Ethem Alpaydin,“IntroductiontoMachineLearning”,TheMITPress2004.

3.StephenMarsland,“MachineLearning:AnAlgorithmicPerspective”,CRCPress,2009.

4.DuttSaikat,“MachineLearning” ,Pearson

LabononMachineLearningTechniques
ListofPracticalinAIwithpython:

1.Writeaprogram toimplementk-NearestNeighbouralgorithm toclassifytheirisdataset.

Printbothcorrectandwrongpredictions.PythonMLlibraryclassescanbeusedforthis

problem.

2.Writeaprogram toconstructaBayesiannetworkconsideringmedicaldata.Usethismodel

todemonstratethediagnosisofheartpatientsusingstandardHeartDiseaseDataSet.You

canusePythonMLlibraryclasses/API.

3.Assumingasetofdocumentsthatneedtobeclassified,usethenaïveBayesianClassifier

modeltoperform thistask.Calculatetheaccuracy,precision,andrecallforyourdataset.

4.ImplementanddemonstratetheFIND-Salgorithm forfindingthemostspecifichypothesis

basedonagivensetoftrainingdatasamples.

5.Writeaprogram todemonstratetheworkingofthedecisiontreebasedID3algorithm.Use

anappropriatedatasetforbuildingthedecisiontreeandapplythisknowledgetoclassifya

newsample.

6.Implementthenon-parametricLocallyWeightedRegressionalgorithm inordertofitdata

points.Selectappropriatedatasetforyourexperimentanddrawgraphs.

7.ImplementtheViterbiAlgorithm inHiddenMarkovModel.

8.ImplementstheForward-backwardEM algorithm fortrainingtheparametersof

HMM's

9.ImplementtheHMM forpatternclassificationofEnglishvowels.

Programme:Masterin

Science(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070905T CourseTitle:DeepLearning

Courseoutcomes:AfterthecompletionoftheDeepLearningcourse,thestudentwouldhavethe
knowledgeandunderstandingofthefundamentalsofdeeplearning.,hewillknow themain
techniquesindeeplearningand wouldbeabletodesignandimplementdeepneuralnetwork
systems.Thestudentwillbeabletoidentifynewapplicationrequirementsinthefieldofcomputer
vision.Hewouldbeabletoidentifyreasonableworkgoalsandestimatetheresourcesrequiredto
achieve the objectives.He willbe able to structure and prepare scientific and technical
documentation describing projectactivities.Through his learning skills,he willbe able to
autonomously extend the knowledge acquired during the study course by reading and
understandingscientificandtechnicaldocumentation.
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Credits:4 SpecializationElective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I
DeepLearningBasics:Intro,History,Capabilities,The

PerceptronNeuralNetworkLearning:Back-Propagation. 6

II

Autoencoders(Standard,Sparse,Denoising,Contractive,

Etc),VariationalAutoencoders,,AutoencoderAndDBM

AttentionAndMemoryModels,DynamicMemory

Networks

7

III

ConvolutionalNeuralNetworks:IntroToCnns,

ConvolutionAndPoolingLayers,Correlation,Filtering,

DetectionAndSegmentation,VisualizingAnd

Understanding,AdvancedCnnsForComputerVision.

8

IV

AdvancedDeepArchitectures:RecurrentNeuralNetworks

(Rnns),AdvancedRNN:LSTM,GRU,DeepUnsupervised

Learning DeepReinforcementLearning.
8

V
DeepLearningInNLP:IntroductionToNLPAndVector

SpaceModelOfSemantics. 8

VI

WordVectorRepresentations:ContinuousSkip-Gram

Model,ContinuousBag-OfWordsModel(CBOW),Glove,

EvaluationsAndApplicationsInWordSimilarity,Analogy

Reasoning.

8

VII

GenerativeAdversarialNetworks(GANs),AdvancedGANs,

EncoderDecoderArchitectures,
8

VIII

IntroductionOfTools:Tensorflow,Pytorch.

CaseStudy:ComputerVision,NaturalLanguageProcessing

(NLP),SequenceModeling,Natural/BiologicalSignals,Face

Recognition

7
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SuggestedReadings:

1.Bengio,Yoshua,IanJ.Goodfellow,andAaronCourville."Deeplearning."MIT

Press,2015.

2.NikhilBuduma,”FundamentalsofDeepLearning”,SPD

3.Dr.PabloRivas,“DeepLearningforBeginners”,2020

4.NikhilSinghParasAhuja,“FundamentalsofDeepLearningandComputerVision”,BPB

Publications.
1.https://blog.algorithmia.com/introduction-natural-language-processingnlp/
2.https://www.udacity.com/course/natural-language-processingnanodegree--
nd892
3.https://www.coursera.org/learn/language-processing
4.https://towardsdatascience.com/a-practitioners-guide-to-naturallanguage-
processing-part-i-processing-understanding-text-9f4abfd13e72
5.https://www.edx.org/course/natural-language-processing

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.inEngineering,B.Sc.Vocational,
BCA,B.E./B.Tech

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.

Courseprerequisites:

Basicknowledgeinthefollowingtopicsisrequired:LinearalgebraCalculusStatisticsBasic

programminginPythonMachinelearning

Suggestedequivalentonlinecourses:

http://www.cs.bilkent.edu.tr/~gcinbis/courses/Spring17/CS559

https://www.coursera.org/specializations/deep-learning

FurtherSuggestions:

https://www.greatlearning.in/academy/learn-for-free/courses/introduction-to-neural-networks

-and-deep-learning

https://www.classcentral.com/subject/deep-learning

Programme:Masterin

Science(Computer
Year:Fifth

Semester:IX
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Science)

Subject:ComputerScience

CourseCode:B070907P CourseTitle:LabonDeepLearning

Courseoutcomes:

Thestudentswillbeabletoselectandimplementmachinelearningtechniquesandcomputing
environmentthataresuitablefortheapplicationsunderconsideration.,hewillbeabletosolve
problemsassociatedwithbatchlearningandonlinelearning.Studentswillhavetheabilityto
understand and applyscaling up machine learning techniques and associated computing
techniquesandtechnologies.Hewouldbeabletorecognizeandimplementvariouswaysof
selectingsuitablemodelparametersfordifferentmachinelearningtechniques.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.Tom M.Mitchell,“MachineLearning”,McGraw-HillEducation(India)PrivateLimited,2013.

2.Ethem Alpaydin,“IntroductiontoMachineLearning”,TheMITPress2004.

3.StephenMarsland,“MachineLearning:AnAlgorithmicPerspective”,CRCPress,2009.

4.DuttSaikat,“MachineLearning” ,Pearson

LabonDeepLearning
ListofPracticalinDeepLearningwithpython:

1.Explore image classification with two neuralnetwork architectures:multi-layer

perceptrons(MLP)andconvolutionalneuralnetworks(CNN). 

2.Explorethelong-term dependencymodellingcapabilitiesofRecurrentNeuralNetworks

(RNNs)andLongShort-Term Networks(LSTMs)

3.Explore deep generative modelling with deep generative models,and Generative

AdversarialNetworks.

4.Trainaneuralnetworkfrom scratchtoclassifydatausingTensorFlow2,andhowtouse

theweightsofanalreadytrainedmodeltoachieveclassificationtoanothersetofdata.

5.implementtheautoencoder,stackinganencoderanddecoderusingTensorFlow2,and

depictreconstructedoutputimagesbytheautoencodermodel 

6.Implementandapplya Softmax classifier
7.Implement BatchNormalization and LayerNormalization fortrainingdeepnetworks.
8.TrainandimplementaGenerativeAdversarialNetwork(GAN)toproduceimagesthat

resemblesamplesfrom adataset.

9.Implementthe changes needed in backward propagation to take into account

regularization.

10.ImplementtheLeNet-5modelinTensorFlowusingHW2_3a_template.ipynb
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Programme/Class:Master

inScience(Computer

Science)

Year:Fifth

Semester:X

Subject:ComputerScience

CourseCode:B071002T
CourseTitle:Quantum NeuralNetworks

Courseoutcomes:
Studentswouldlearntheframeworkofquantum neuralnetworks,andhowthatmaybeusefulfor
futuremachineintelligencetechnologies.Thiscourseteachesthefundamentalsofquantum
neuralnetworks,including quantum computation,quantum gates,and entanglementwith
quantum states.Therearefastquantum algorithmstofactorlargeintegers,computediscrete
logarithms,anditerativeprocessforoperatorconstructionwhich,ifimplemented,threatenthe
patternrecognitiontask.Thispossibilityhasspurredseveralmajorandongoingattemptstobuild
quantum computers.Quantum computationmightalsobeusefulinsimulatingcomplexquantum
systemssuchaslargemolecules.

Credits:4 Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

WhatisQuantum,Quantum Computation,Quantum
Algorithms,Quantum InformationProcessing,Principlesof
Quantum Computing,PostulatesofQuantum Computing,
Quantum MachineLearning(QML),WhyQML?,Building
BlocksofQML:Qubits,Superposition,Interference,
Entanglementetc,InherentParallelism ofQuantum
Computing,ApplicationsofQML.

8

II

Quantum NeuralNetworks(QNN),WhyQNN?,Neural
Computing,Quantum Computing,NeuralNetworks:
TowardsQuantum Analogs,HowPatternRecognition
leadsustoQNN,ManyUniverseApproach,Quantum
AssociativeMemory,ClassicalNeuralNetworksvs
Quantum AssociativeMemory,ImplementationofQNN:
Physicialrealizationsandchallenges,CanQNNoutperform
ClassicalANN?ReviewofexistingapproachestoQNNs.

8

III

Quantum Gates,ControlledOperations,Matrix
RepresentationofMultiQubitGates,DensityMatrix,
DensityOperator,GeneralPropertiesofDensityOperator,
Criteriafordiscriminationbetweenmixedandpurestate,
Quantum CircuitsanditsIdentities,Decompositionof
Quantum Gates,SingleQubitOperations,MultiQubit

8
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Operations

IV

QNNModels:Acomparativestudy,Requirementsfora
QNNmodel,ConceptofQuron,Implementationfeasibility
ofPerceptronmodelforBooleanReversibleFunctions
throughvariousTwoQubitQuantum Gates

8

V

EntangledNeuralNetworks(ENN),Constructionof
EntangledNeuralNetworks:BasicunitofENN’sand
StructureofENNs,Temperatureadjustingproblem and
ENN’sresolution

8

VI

GeneralizationStudyofQuantum NeuralNetwork:Qubit,
Quantum Gates,ModelDesign,DataEncoding,Network
Structure,LearningAlgorithms,Simulatingaperceptronon
aquantum computer,DefiningQuantum NeuralNetworks
viaQuantum TimeEvolution

8

VII

BellStates,Quantum TeleportationandSuperdense
Coding:Principles,ProofsandCircuits,Entanglement
Swappingetc,Quantum neuralnetworksarchitecturesfor
patternclassification&Clustering,patternassociationand
patternmapping

8

VIII

Quantum ComputingwithMATLAB:Programmingwith
QCFLibrary,andQETLAB0.9Library,Designingand
ExecutingQuantum CircuitsonSimulatorssuchas:
QCAD2000,QuIDE,Qiskitetc.

8

SuggestedReadings:

1.Quantum NeuralNetworksbyAlexenderEzhovandDanVentura
2.Quantum MachineLearningbyPeterWittek
3.ThequestforaQuantum NeuralNetworksbyMariaSchuld,IlyaSinayskiy,andFrancesco

Petruccione
4.Simulating Perceptron on a Quantum Computerby Maria Schuld,IlyaSinayskiy,and

FrancescoPetruccione
5.GeneralizationStudyofQuantum NeuralNetworkbyJinZheJiang,XinZhang,Chen

Li,YaQianZhaoetc.
6. Quantum Neuron:anelementarybuildingblockformachinelearningonquantum

computers

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.Mathematics,B.Sc.inEngineering,
B.Sc.Vocational,BCA,B.E./B.Tech,M.E./M.Tech

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks
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ofattendance.

Courseprerequisites:

StudentsthosehavealreadystudiedthepaperofQuantum Computationcanofferthispaper.

Informally,studentshouldbefamiliarwithcalculusandlinearalgebra,andknowsomeprobability

anddiscretemath.Knowledgeofquantum computationorquantum informationprocessingis

prerequisite.SimilarlytheknowledgeofArtificialneuralnetworksisalsorequired.

Suggestedequivalentonlinecourses:

Learningwebsite:https://www.mooc-list.com/course/quantum-machine-learning-edx,

https://ai.googleblog.com/2018/12/exploring-quantum-neural-networks.html

Programme/Class:

MasterinScience
Year:Fifth

Semester:X

Subject:ComputerScience

CourseCode:B071003T
CourseTitle:PatternRecognition

Courseoutcomes:Studentswilllearnthefundamentalsofpatternrecognitionanditsrelevance
to classicaland modern problems.Studentwillalso understand the concepts,theoryand
computationalalgorithmsneededforseveralrealworldrecognitiontaskssuchastext,speech,
characters,objectsetc.Simulateandunderstandhow machinewillhavepowertoaccomplish
thesetasksandcanaim atdevelopingseveralexamplesbasedlearningtasksinseveraldomains
rangingfrom medical,economical,engineeringtoindustrialneeds.
Aftertakingthecourse,thestudentshouldhaveaclearunderstandingdesignandimplementation
ofapatternrecognitionsystem.Thestudentshouldalsohavesomeexposuretothetheoretical
issuesinvolvedinpatternrecognitionsystem designsuchasthecurseofdimensionality.Finally,
thestudentwillhaveaclearworkingknowledgeofimplementingpatternrecognitiontechniques
andthescientificPythoncomputingenvironment.

Credits:4 GroupA:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

Introduction: General introduction of pattern

recognition, pattern recognition tasks, difference

between data and pattern, pattern classification,

pattern association, pattern mapping, pattern

clustering,featuremapping,temporalpattern,pattern

variability,stabilityplasticitydilemma,basicoutlineof

variousPatternrecognitiontechniques,Introductionto

StatisticalPattern Recognition,Overview ofPattern

Classifiers,overview ofLinearAlgebra:Innerproduct,

outerproduct,inverses,eigenvalues,eigenvectors.

6
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II

Bayesian decision making and Bayes Classifier:

Probability:independence ofevents,conditionaland

jointprobability,Random Processes:Stationaryandnon

-stationaryprocesses,Expectation,Autocorrelation,Cross

-Correlation,spectra,Bayes Decision Theory,Bayes’

theorem,Minimum-error-rateclassification,Classifiers,

Discriminant functions,Decision surfaces,Normal

densityanddiscriminantfunctions,discretefeatures

7

III

Parametric Estimation of Densities: Maximum-
Likelihood estimation:Gaussian case;Maximum a
Posteriori estimation; Bayesian estimation of
parameters of density functions,MAP estimates,
BayesianEstimationexamples,theexponentialfamily
ofdensitiesandMLestimates,Recursiveformulationof
MLandBayesianestimates.

8

IV

Unsupervised learning and clustering: Criterion
functionsforclustering;Algorithmsforclustering:K-
Means, Hierarchical and other methods; Cluster
validation; Gaussian mixture models; Expectation-
Maximization method for parameter estimation;
Maximum entropyestimation

7

V

SequentialPatternRecognition:HiddenMarkovModels

(HMMs); Discrete HMMs; Continuous HMMs,

Convergence ofexpectation-maximization algorithm,

overview of Nonparametric density

estimation,Nonparametric techniques for density

estimation,Parzen-window method; K-Nearest

Neighbourmethod

8

VI

Dimensionalityreduction:Fisherdiscriminantanalysis;
Principalcomponentanalysis;FactorAnalysis,Linear
discriminantfunctions:Gradientdescentprocedures;
Perceptron; Support vector machines,Linear Least
Squares Regression,AdaLinE and LMS algorithm;
Generalnon-linerleast-squares regression,Logistic
Regression, Statistics of least squares method;
RegularizedLeastSquares.

8

VII

Non-metricmethodsforpattern classification:Non-
numericdataornominaldata;Decisiontrees:CART,

LinearDiscriminantfunctionsformulti-classcase;multi
-classlogisticregression,-Feed-forwardnetworksfor
Classification and Regression,RadialBasisFunction

8
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Networks;GaussianRBFnetworks

VIII

SupportVectorMachinesandKernelbasedmethods:

SupportVectorMachines,Introduction,obtainingthe
optimalhyper plane,SVM formulation with slack
variables;nonlinearSVM classifiersKernelFunctions
for nonlinear SVMs;Mercer and positive definite
Kernels,SupportVectorRegressionandε-insensitive
Lossfunction,examplesofSVM learning,Overview of
SMO and otheralgorithmsforSVM;ν-SVM and ν-
SVR;SVM asariskminimizer,PositiveDefiniteKernels;
RKHS;RepresenterTheorem.

8

SuggestedReadings:

1.R.O.Duda,P.E.HartandD.G.Stork,PatternClassification,JohnWiley,2002.

2.C.M.Bishop,NeuralNetworksandPatternRecognition,OxfordUniversityPress
(IndianEdition),2003

3.Bishop,C.M.PatternRecognitionandMachineLearning.Springer.2007.

4.Marsland,S.MachineLearning:AnAlgorithmicPerspective.CRCPress.2009.(Also
usesPython.)Theodoridis,S.andKoutroumbas,K.PatternRecognition.Edition4.
AcademicPress,2008.

5.Russell,S.andNorvig,N.ArtificialIntelligence:AModernApproach.PrenticeHall
SeriesinArtificialIntelligence.2003.

6.Bishop,C.M.NeuralNetworksforPatternRecognition.OxfordUniversityPress.
1995.

7.Hastie,T.,Tibshirani,R.andFriedman,J.TheElementsofStatisticalLearning.
Springer.2001.

8.Koller,D.andFriedman,N.ProbabilisticGraphicalModels.MITPress.2009.
Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.inEngineering,B.Sc.Vocational,
BCA,B.E./B.Tech.

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.

Courseprerequisites:

Tostudythiscourse,astudentmusthavehadthesubjectMathematicsuptograduation

levelandmusthavethegoodknowledgetolineralgebra,probability,statisticsand

mathematics.Itisassumedthestudentshaveaworkingknowledgeofcalculus,linearalgebra,
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andprobabilitytheory.Itisalsoassumedthestudentshavesomeexperienceprogrammingina

scientificcomputingenvironment.

Suggestedequivalentonlinecourses:

 https://www.classcentral.com/course/swayam-pattern-recognition-and-application-14228

 https://onlinecourses.nptel.ac.in/noc19_ee56

 https://etu.ru/en/university/news/the-online-course-on-pattern-recognition-and-

machine-learning

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071004T CourseTitle:NaturalLanguageProcessing

Courseoutcomes:
CO1:Understandthemathematicalandlinguisticfoundationsfornaturallanguage
processing.
CO2:UnderstandapproachestosyntaxandsemanticsinNLP.
CO3:UnderstandapproachestosyntaxandsemanticsinNLP.
CO4:Understandapproachestodiscourse,generation,dialogueandsummarizationwithin
NLP.
CO5:Understandcurrentmethodsforstatisticalapproachestomachinetranslation.
CO6:UnderstandmachinelearningtechniquesusedinNLP

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

Naturallanguage and Formallanguage,NLP tasks in
syntax,semantics,andpragmatics,Applicationssuchas
informationextraction,Theproblem ofambiguity,Therole

7
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ofmachinelearninginNLP,ArgMaxComputation.

II

WSD:WordNet,Wordnet;ApplicationinQueryExpansion,
Wiktionary;semanticrelatedness,WordNetSimilarity,N-
gramsandlanguagemodels,Corpora,Unigram,Bigram,
andTrigram models,UsageofN-grams,N-gramsTraining
&Testing.

8

III N-grams(cont.),Counting,Probability,Perplexity,Entropy,
Smoothing techniques,Backoff methods,Class-based
models.PartofSpeech (POS)Tagging,POS Tagger,
Chunking.

7

IV

ParsingAlgorithms,EvidenceforDeeperStructure;Top
Down Parsing Algorithms,Noun Structure,Non-noun
Structure,Probabilisticparsing;sequencelabeling,PCFG,
Probabilisticparsing:Trainingissues,Probabilisticparsing;
inside-outsideprobabilities.

8

V

Text Clustering,DistributionalSemantics,Morphology,
Graphical Models for Sequence Labelling in NLP,
Phonetics.

8

VI Consonants,Vowels,Phonology,HMM andViterbi,Forward
Backward probability,Opinions on the Web,Machine
Translation,TextEntailment.

7

VII SentimentAnalysis,SemanticAnalysis,Textcoherence
and discourse structure, Information extraction,
Informationretreival,Pronounse,Referenceresolution.

7

VIII Precision,Recall,F-score,Map,SemanticRelations;UNL;
Towards Dependency Parsing, Universal Networking
Language, Semantic Role Extraction, Baum Welch
Algorithm;HMM training.

8

SuggestedReadings:

1.Allen,James,NaturalLanguageUnderstanding,SecondEdition,
Benjamin/Cumming,1995.
2.Charniack,Eugene,StatisticalLanguageLearning,MITPress,1993.
3.Jurafsky,DanandMartin,James,SpeechandLanguageProcessing,Second
Edition,PrenticeHall,2008.
4.Manning,ChristopherandHeinrich,Schutze,FoundationsofStatisticalNatural
LanguageProcessing,MITPress,1999.
1.https://blog.algorithmia.com/introduction-natural-language-processingnlp/
2.https://www.udacity.com/course/natural-language-processingnanodegree--
nd892
3.https://www.coursera.org/learn/language-processing
4.https://towardsdatascience.com/a-practitioners-guide-to-naturallanguage-
processing-part-i-processing-understanding-text-9f4abfd13e72
5.https://www.edx.org/course/natural-language-processing
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Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectDataStructures,Python
programming

Suggestedequivalentonlinecourses:

FurtherSuggestions:
None

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:X

Subject:ComputerScience

CourseCode:B071005P CourseTitle:LabonQuantum NeuralNetworks

Courseoutcomes:
Studentswouldlearntheframeworkofquantum neuralnetworks,andhowthatmaybeuseful
forfuturemachineintelligencetechnologies.Thiscourseteachesthefundamentalsofquantum
neuralnetworks,includingquantum computation,quantum gates,andentanglementwith
quantum states.Therearefastquantum algorithmstofactorlargeintegers,computediscrete
logarithms,anditerativeprocessforoperatorconstructionwhich,ifimplemented,threatenthe
patternrecognitiontask.Thispossibilityhasspurredseveralmajorandongoingattemptsto
buildquantum computers.Quantum computationmightalsobeusefulinsimulatingcomplex
quantum systemssuchaslargemolecules.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.Quantum NeuralNetworksbyAlexenderEzhovandDanVentura
2.Quantum MachineLearningbyPeterWittek
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3.ThequestforaQuantum NeuralNetworksbyMariaSchuld,IlyaSinayskiy,andFrancesco
Petruccione

4.Simulating Perceptron on a Quantum ComputerbyMaria Schuld,IlyaSinayskiy,and
FrancescoPetruccione

5.GeneralizationStudyofQuantum NeuralNetworkbyJinZheJiang,XinZhang,
ChenLi,YaQianZhaoetc.

6. Quantum Neuron:anelementarybuildingblockformachinelearningonquantum
computers

ListofexperimentsusingMATLABlibrary

2.ImplementtheSimplemodelofquantum neuralnetworksandshowthestablestates.

11ImplementtheQuantum circuitforpreparingtheBellstate.

12Implementthedifferentquantum gatesandshowtheoutcomes.

13Implementthemeasurementofstablestatesforfeedforwardquantum neuralnetworkand

feedbackquantum neuralnetworks.

14ImplementtheQuantum PerceptronneuralnetworkArchitectureandlearningruleforthe

patternclassification.

15UsetheGroveriterativeapproachtoobtaintheunitaryoperatorforquantum neuralnetwork

toperform thepatternassociationtask.

16ImplementtheBackpropagationlearningruleforquantum neuralnetworktoperform the

patternmapping..

Programme:Masterin

Science(Computer

Science)

Year:Fifth

Semester:X

Subject:ComputerScience

CourseCode:B071006P CourseTitle:LabonPatternRecognition

Courseoutcomes:
Aftertaking the course,the studentshould have a clearunderstanding design and
implementationofapatternrecognitionsystem.Thestudentshouldalsohavesomeexposure
tothetheoreticalissuesinvolvedinpatternrecognitionsystem designsuchasthecurseof
dimensionality.Finally,thestudentwillhaveaclearworkingknowledgeofimplementing
patternrecognitiontechniquesandthescientificPythoncomputingenvironment

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.Tom M.Mitchell,“MachineLearning”,McGraw-HillEducation(India)PrivateLimited,2013.
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2.Ethem Alpaydin,“IntroductiontoMachineLearning”,TheMITPress2004.

3.StephenMarsland,“MachineLearning:AnAlgorithmicPerspective”,CRCPress,2009.

4.DuttSaikat,“MachineLearning” ,Pearson

LabonPatternRecognition
ListofPracticalinPatternRecognitionwithpython:

1.Implementthenon-parametricLocallyWeightedRegressionalgorithm inordertofitdata
points.Selectappropriatedatasetforyourexperimentanddrawgraphs.

2.Writeaprogram toconstructaBayesiannetworkconsideringmedicaldata.Usethismodel

todemonstratethediagnosisofheartpatientsusingstandardHeartDiseaseDataSet.You

canusePythonMLlibraryclasses/API.

3.Assumingasetofdocumentsthatneedtobeclassified,usethenaïveBayesianClassifier

modeltoperform thistask.Calculatetheaccuracy,precision,andrecallforyourdataset.

4.Writeaprogram toconstructaBayesiannetworkconsideringmedicaldata.Usethismodel

todemonstratethediagnosisofheartpatientsusingstandardHeartDiseaseDataSet.

5.Writeaprogram oflinerregressionfortheclassificationproblem.

6.Evaluatetheclassifieronthetestsetbycalculatingtheconfusionmatrixandtheoverall

accuracy.

7.Generatingfeaturesfortwoclassesandanalyzingthem.

8.BuildingclassifiersfortwoclassesusingBay’srule.•

9.BuildingclassifiersformultipleclassesusingBay’srule.

10.Buildingclassifiersfortwoclassesusinglinearclassifier.

11.BuildingclassifiersfortwoclassesusingSVM

12.Implementationofclusteringofpatterns

13.ImplementGradientdescentalgorithm forpatternmapping.

14.ImplementK-meansalgorithm forclustering.

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071007P CourseTitle:LabonNaturalLanguageProcessing

Courseoutcomes:
CO1:Understandthemathematicalandlinguisticfoundationsfornaturallanguage
processing.
CO2:UnderstandapproachestosyntaxandsemanticsinNLP.
CO34:Understandapproachestodiscourse,generation,dialogueandsummarizationwithin
NLP.
CO4:Understandcurrentmethodsforstatisticalapproachestomachinetranslation.
CO5:UnderstandmachinelearningtechniquesusedinNLP.
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Paper
Code

PaperTitle Core/Elective Theory/
Practical

Credit

B070908T SoftwareProjectManagement Core Theory 4 9

B070909P LabonSoftwareProjectManagement Core Practical 4 9

ChooseElectivesIfrom thelist

B070910T SoftwareTestingandAudit Theory
Elective

Theory 4 9

B070911T System ModelingandSimulation Theory
Elective

Theory 4 9

B070912P LabonSoftwareTestingandAudit LabElective Practical 4 9

B070913P LabonSystem ModelingandSimulation LabElective Practical 4 9

ChooseElectivesII,IIIfrom thelist

B071008T SoftwareArchitectures Theory
Elective

Theory 4 10

B071009T SoftwareReliabilityEngineering Theory
Elective

Theory 4 10

B071010T SoftwareSecurityEngineering Theory
Elective

Theory 4 10

B071011P LabonSoftwareArchitectures LabElective Practical 4 10

B071012P LabonSoftwareReliabilityEngineering LabElective Practical 4 10

B071013P LabonSoftwareSecurityEngineering LabElective Practical 4 10

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Ninth
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Subject:ComputerScience

CourseCode:B070908T CourseTitle:SoftwareProjectManagement

Courseoutcomes:
1.ApplytheprocesstobefollowedintheSDLCmodels.
2.Abletounderstandcommunication,modeling,construction&deploymentpractices

insoftwaredevelopment.
3.Understandtheconceptsofvarioussoftwaretestingmethods.
4.Explainthequalitymanagement&differenttypesofmetricsusedinsoftware

development.
5.Applytheconceptsofprojectmanagement&planning.

Credits:4 SpecializationGroupB:CoreCompulsory

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

IntroductionToSoftwareProjectManagement:Introduction,Whatisa
Project?SoftwareProjectsVersusOtherTypesofProject,Contact
ManagementandTechnicalProjectManagement,ActivitiesCovered
bySoftwareProjectManagement,Plans,Methods,andMethodologies,
SomewaysofCategorizingSoftwareProjects,WhatisManagement?,
ProblemswithSoftwareProjects,SettingObjectives,Stakeholders,The
Business Case,Requirement Specification,Management Control,
OverviewofProjectPlanning(Stepwise)

8

II

ProjectEvaluation&SelectionOfAnAppropriateProjectApproach:
Introduction,Strategic Assessment,TechnicalAssessment,Cost-
BenefitAnalysis,Cash Flow Forecasting,Cost-BenefitEvaluation
Techniques,Risk Evaluation.Selection OfAn Appropriate Project
Approach: Introduction, Choosing Technologies, Technical Plan
ContentsList,ChoiceofProcessModels,StructureVersusSpeedof
Delivery,TheWaterfallModel,TheV-ProcessModel,TheSpiralModel,
Software Prototyping, Other ways of Categorizing Prototyping,
ControllingChangesduringPrototyping,IncrementalDelivery,Dynamic
Systems DevelopmentMethod,Extreme Programming,Managing
IterativeProcesses.

7

III SoftwareEffortEstimation:Introduction,WhereareEstimatesdone?,
ProblemswithOver-and Under-Estimates,TheBasisforSoftware
Estimating,SoftwareEffortEstimationTechniques,ExpertJudgement,
Estimating byAnalogy,AlbrechtFunction PointAnalysis,Function
PointMarkII,ObjectPoints,AProceduralCode-OrientedApproach,
COCOMO:AParametricModel.

8

IV

ActivityPlanning:Introduction,TheObjectivesofActivityPlanning,
WhentoPlan,ProjectSchedules,ProjectsandActivities,Sequencing
andSchedulingActivities,NetworkPlanningModels,Formulatinga
NetworkModel,AddingtheTimeDimension,TheForwardPass,The
BackwardPass,IdentifyingtheCriticalPath,ActivityFloat,Shortening
theProjectDuration,IdentifyingCriticalActivities,Activity-On–Arrow
Networks.

7

prati
Highlight
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V

RiskManagement&ResourceAllocation:Introduction,TheNatureof
Risk,Types ofRisk,Managing Risk,Hazard Identification,Hazard
Analysis, Risk Planning and Control, Evaluating Risks to the
Schedule.ResourceAllocation:Introduction,TheNatureofResources,
IdentifyingResourcesRequirements,SchedulingResources,Creating
CriticalPaths,Counting the Cost,Being Specific,Publishing the
ResourcesSchedule,CostSchedules,TheSchedulingSequence.

7

VI Monitoring,Control&ManagingContracts:Introduction,Creatingthe
Framework,CollectingtheData,VisualizingProgress,CostMonitoring,
Earned Value,Prioritizing Monitoring,Getting the ProjectBack to
Target,ChangeControl.ManagingContracts:Introduction,Typesof
Contract,StagesinContractPlacement,TypicalTermsofaContract,
ContractManagement,Acceptance.

8

VII ManagingPeopleAndOrganizingTeams:Introduction,Understanding
Behaviour,OrganizationalBehaviour:A Background,Selecting The
RightPersonForTheJob,InstructionInTheBestMethods,Motivation,
TheOldham-HackmanJobCharacteristicsModel,WorkingInGroups,
Becoming A Team,Decision Making,Leadership,Organizational
Structures.

7

VIII Software Quality:Introduction,The Place OfSoftware Quality In
Project Planning,The Importance Of Software Quality,Defining
Software Quality,ISO 9126,PracticalSoftware Quality Measures,
ProductVersus Process QualityManagement,ExternalStandards,
TechniquesToHelpEnhanceSoftwareQuality,QualityPlans.

8

SuggestedReadings:
1.B.HugesandM.Cotterell-SoftwareProjectManagement3rdEdn,TMH,NewDelhi,2004.

2.P.Jolote-SoftwareProjectManagementinPractice,PearsonEducation,NewDelhi,2002.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25
1.AssessmentType:ClassTests(Max.Marks14)
2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;

TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)
4.AssessmentType:ClassInteraction(Max.marks:2)
Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectSoftwareEngineering

Suggestedequivalentonlinecourses:
1.https://onlinecourses.nptel.ac.in/noc19_cs70/preview
2.https://nptel.ac.in/courses/106/105/106105218/
3.https://www.classcentral.com/course/swayam-software-project-management-

14294

FurtherSuggestions:
None

prati
Highlight
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Ninth

Subject:ComputerScience

CourseCode:B070909P CourseTitle:LabonSoftwareProjectManagement

Courseoutcomes:

Thestudentshouldbeabletounderstandthesoftwarelifecyclephases(Project
Management,RequirementsEngineering,SoftwareDesignandTesting)

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:

1.B.HugesandM.Cotterell-SoftwareProjectManagement3rdEdn,TMH,NewDelhi,2004.

2.P.Jolote-SoftwareProjectManagementinPractice,PearsonEducation,NewDelhi,
2002.

Programs:
LabonSoftwareProjectManagement

1.PreparationofSRSforanydomainproblem.(eg.Banking,Library,Healthcareetc).
2.PreparationofRequirementsManagementPlanandSoftwareProjectManagement

planfortheselectedproject.
3.AnalyzetheriskrelatedtotheprojectandprepareRiskManagementPlanforthe

project.
4.DrawERdiagram,DataFlowDiagram,Sequence,Collaboration,Activity&State

Transitiondiagramsfortheprojectusingappropriatetools.
5.PreparationofTestPlanandDevelopTestCaseHierarchy.
6.Perform varioustypesoftestingusingappropiratetools.

(a) UnitTesting
(b) IntegrationTesting
(c) ValidationTesting
(d) PerformanceTesting

7.GenerationofTestCasesandTestDocumentationfortheselectedprojectdomain.
8.PreparationofSoftwareConfigurationManagementPlan.
9.PreparationofTime–LineChartandprojecttableusingPERTorCPM project

schedulingmethods.
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Ninth

Subject:ComputerScience

CourseCode:B070910T CourseTitle:SoftwareTestingandAudit

Courseoutcomes:
1.TounderstandSoftwareEngineering,TestingProcess,TerminologiesinTesting,SRS
2.Tounderstanddifferenttypesofsoftwaretesting(i.e.FunctionalTesting,Structural

Testing)
3.Toapplydifferenttypesoftestingwithtools
4.TounderstanddifferenttypesofSoftwareTestingActivities(i.eLevelsofTesting)
5.TounderstandObjectOrientedTesting
6.TounderstandTestingWebApplications

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

Review of Software Engineering: Overview of Software
Evolution,SDLC,Testing Process,Terminologies in Testing:
Error,Fault,Failure,Verification,Validation,DifferenceBetween
Verification and Validation,TestCases,Testing Suite,Test
,Oracles,ImpracticalityofTesting AllData;Impracticalityof

TestingAllPaths.

8

II

Verification:Verification Methods,SRS Verification,Source
Code Reviews,User Documentation Verification,Software,
ProjectAudit,TailoringSoftwareQualityAssuranceProgram by
Reviews,Walkthrough,InspectionandConfigurationAudits.

7

III FunctionalTesting:BoundaryValueAnalysis,EquivalenceClass
Testing,DecisionTableBasedTesting,CauseEffectGraphing
Technique.
Structural Testing: Control Flow Testing, Path Testing,
Independent Paths, Generation of Graph from Program,
Identification ofIndependentPaths,Cyclomatic Complexity,
DataFlowTesting,MutationTesting

8

IV

RegressionTesting:WhatisRegressionTesting?Regression
Testcasesselection,Reducingthenumberoftestcases,Code
coverageprioritizationtechnique.Reducingthenumberoftest
cases:Prioritizationguidelines,Prioritycategory,Scheme,Risk
Analysis.

7

V
Software Testing Activities:Levels ofTesting,Debugging,
Testingtechniquesandtheirapplicability,ExploratoryTesting 7
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VI AutomatedTestDataGeneration:TestData,Approachestotest
datageneration,testdatagenerationusinggeneticalgorithm,
TestData Generation Tools,Software Testing Tools,and
SoftwaretestPlan.

8

VII ObjectOrientedTesting:Definition,Issues,ClassTesting,Object
OrientedIntegrationandSystem Testing.

7

VIII TestingWebApplications:WebTesting,UserInterfaceTesting,
Usability Testing, Security Testing, Performance Testing,
Databasetesting,PostDeploymentTesting.

8

SuggestedReadings:
1YogeshSingh,“SoftwareTesting”,CambridgeUniversityPress,NewYork,2012
2.K..K.Aggarwal&YogeshSingh,“SoftwareEngineering”,NewAgeInternationalPublishers,
NewDelhi,2003.
3.RogerS.Pressman,“SoftwareEngineering–APractitioner’sApproach”,FifthEdition,
McGraw-HillInternationalEdition,NewDelhi,2001.
4.MarcRoper,“SoftwareTesting”,McGraw-HillBookCo.,London,1994.
5.M.C.Trivedi,SoftwareTesting&Audit,KhannaPublishingHouse
6.BorisBeizer,“SoftwareSystem TestingandQualityAssurance”,VanNostrandReinhold,New
York,1984.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectSoftwareEngineering

Suggestedequivalentonlinecourses:
1.https://onlinecourses.nptel.ac.in/noc19_cs71/preview
2.https://onlinecourses.nptel.ac.in/noc20_cs19/preview
3.https://www.classcentral.com/course/swayam-software-testing-14295

FurtherSuggestions:
None
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Ninth

Subject:ComputerScience

CourseCode:B070912P CourseTitle:LabonSoftwareTestingandAudit

Courseoutcomes:
1.ToGainKnowledgeintheTestEnvironment
2.Abilitytoplantests
3.Abilitytoexecutetests,designtestcases,usetesttools,etc
4.Abilitytodeveloptestingstatusreports

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:

1.Testingin30+OpenSourceTools,RahulShende,ShroffPublishers&Distributor
Pvt.Ltd,ISBN13:9789350231005(pagenumbersfrom 15to117)

2.http://seleniumhq.org/
3.http://sourceforge.net/projects/sahi/
4.http://testng.org/doc/index.html

Programs:
LabonSoftwareTestingandAudit

ToolRequired:Smartbearoranyothertesttool
1. WriteprogramsinCLanguagetodemonstratetheworkingofthefollowingconstructs:

(a)do….while
(b)while….Do
(c)ff…else
(d)for

2. Takeanysystem (e.g.ATM system)andstudyitssystem specificationsandreportthe
variousbugs.

3. Writetestcasesforanyknownapplication(e.g.bankingsystem)
4. Studyofanywebtestingtool(e.g.Selenium)
5. Studyofanybugtrackingtool(e.g.Bugzilla,bugbit)
6. Studyofanytestmanagementtool(e.g.TestDirector)
7. Studyofanyopensourcetestingtool(e.g.TestLink)
8. Todeterminethenatureofrootsofaquadraticequations,itsinputistripleof+veintegers

(sayx,y,z)andvaluesmaybefrom interval[1,100]theprogram outputmayhaveoneofthe
following:-
[NotaQuadraticequations,Realroots,Imaginaryroots,Equalroots]Perform BVA.

9. Todeterminethetypeoftriangle.Itsinputistripleof+veintegers(sayx,y,z)andthevalues
maybefrom interval[1,100].Theprogram outputmaybeoneofthefollowing[Scalene,
Isosceles,Equilateral,NotaTriangle].Perform BVA

10.Perform robustcasetestingonProblem No.8.
11.Perform robustcasetestingonProblem No.9.
12.Createatestplandocumentforanyapplication(e.g.LibraryManagementSystem)
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13.StudyofanytestingTool(e.g.WinRunner)
14.TestReportingExperiment:Studyofanyopensourcetestingtool(WebPerformance

Analyzer/OSTA)

15.Writetestcasestovalidateamobilenumberusingonetimepin
identification(OTP)

16.Writeandtestaprogram toupdate10studentrecordsintotableintoExcel
file.

17.UsingSelenium IDE,Writeatestsuitecontainingminimum 4testcases.
18.Conductatestsuiteforanytwowebsites.
19.WriteandTestaprogram tofindoutlistofemployeeshavingsalarygreater

thanRs50,000andagebetween30to40years.
20.UnderstandingTestAutomation.UsingSelenium writeasimpletestscript

tovalidateeachfieldoftheregistrationpage(Eg:FacebookRegistration
Page)

21.InstallSelenium serveranddemonstrateitusingascriptinJava/PHP.
22.Writeandtestaprogram toselectthenumberofstudentswhohavescored

more
than60inanyonesubject(orallsubjects).

23.Writeandtestaprogram tocountnumberofitemspresentonadesktop.

NOTE:Atleast12Experimentsoutofthelistmustbedoneinthesemester.
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Ninth

Subject:ComputerScience

CourseCode:B070911T CourseTitle:System ModelingandSimulation

Courseoutcomes:
1. Understandtheconceptofsimulation,thefundamentallogic,structure,

Components,typesofsimulationmodelsanddiscreteeventsimulation.
2. DevelopsolutionsforapplicationproblemsusingmanualsimulationandTime

Advancealgorithm ondiscreteeventsimulation.
3. UnderstandtheconceptsofStatisticalmodelsandqueuingmodels.
4. Applyacceptancerejectiontechniqueandinversetransform techniquetogenerate

Random VariatesandRandom numbersusingLCM.
5. Understandtheusefulmodelofinputdata,absoluteperformanceandestimation

withrespecttooutputanalysis.
6. Understandthemodelbuilding,verification,calibration,validationofmodelsand

optimization.

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

Introduction:Whensimulationistheappropriatetoolandwhenit
isnotappropriate;AdvantagesanddisadvantagesofSimulation;
Areas of application; Systems and system environment;
Components ofa system;Discrete and continuous systems;
Modelofasystem;TypesofModels;Discrete-EventSystem
Simulation; Steps in a Simulation Study. The basics of
Spreadsheet simulation,Simulation example:Simulation of
queuingsystemsinaspreadsheet.

8
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II

GeneralPrinciples,SimulationSoftware:ConceptsinDiscrete-
Event Simulation: The Event-Scheduling / Time-Advance
Algorithm, World Views, Manual simulation Using Event
Scheduling;Listprocessing.SimulationinJava;Simulationin
GPSS

7

III StatisticalModels in Simulation:Review ofterminologyand
concepts; Useful statistical models; Discrete distributions;
Continuous distributions; Poisson process; Empirical
distributions.

7

IV

QueuingModels:Characteristicsofqueuingsystems;Queuing
notation; Long-run measures of performance of queuing
systems;Steady-statebehaviorofM/G/1queue;Networksof
queues;Rough-cutmodeling:Anillustration..

8

V

Random-Number Generation, Random-Variate Generation:
Propertiesofrandom numbers;Generationofpseudo-random
numbers;Techniquesforgeneratingrandom numbers;Testsfor
Random NumbersRandom-VariateGeneration:Inversetransform
technique;Acceptance-Rejectiontechnique;Specialproperties.

8

VI InputModeling:DataCollection;Identifyingthedistributionwith
data;Parameterestimation;GoodnessofFitTests;Fittinganon-
stationaryPoissonprocess;Selectinginputmodelswithoutdata;
MultivariateandTime-Seriesinputmodels.

7

VII EstimationofAbsolutePerformance:Typesofsimulationswith
respectto outputanalysis;Stochasticnatureofoutputdata;
Absolutemeasuresofperformanceandtheirestimation;Output
analysisforterminatingsimulations;Outputanalysisforsteady-
statesimulations.

8

VIII Verification,Calibration,and Validation;Optimization:Model
building,verification and validation;Verification ofsimulation
models;Calibrationandvalidationofmodels,Optimizationvia
Simulation

87

SuggestedReadings:
1. JerryBanks,JohnS.CarsonII,BarryL.Nelson,DavidM.Nicol:Discrete-EventSystem Simulation,5th

Edition,PearsonEducation,2010.(Listedtopicsonlyfrom Chapters1to12)
2. LawrenceM.Leemis,StephenK.Park:Discrete–EventSimulation:AFirstCourse,PearsonEducation,

2006.
3. AverillM.Law:SimulationModelingandAnalysis,4thEdition,TataMcGraw-Hill,2007.
Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)
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Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectSoftwareEngineering

Suggestedequivalentonlinecourses:

FurtherSuggestions:
None

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Ninth

Subject:ComputerScience

CourseCode:B070913P CourseTitle:LabonSystem ModelingandSimulation

Courseoutcomes:

1. ToknowfundamentalskillsandknowledgerequiredtouseMathematicaltoollikeMATLABor
OCTAVEforthesimulationandmodeling

2. Describetheroleofimportantelementsofdiscreteeventsimulationandmodelingparadigm.

3. Conceptualizerealworldsituationsrelatedtosystemsdevelopmentdecisions,originating
from sourcerequirementsandgoals.

4. Developskillstoapplysimulationsoftwaretoconstructandexecutegoal-drivensystem
models.

5. Interpretthemodelandapplytheresultstoresolvecriticalissuesinarealworldenvironment.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1. JerryBanks,JohnS.CarsonII,BarryL.Nelson,DavidM.Nicol:Discrete-EventSystem Simulation,5th

Edition,PearsonEducation,2010.(Listedtopicsonlyfrom Chapters1to12)
2. LawrenceM.Leemis,StephenK.Park:Discrete–EventSimulation:AFirstCourse,PearsonEducation,

2006.
3. AverillM.Law:SimulationModelingandAnalysis,4thEdition,TataMcGraw-Hill,2007.
Programs:

LabonSystem ModelingandSimulation
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ToolUsed:MATLABorOCTAVEoranyotheravailabletool

1.Program toillustrateBranchingstatements,loops,functions,additionaldatatypes,
plots,arrays,inputs/outputsetc.

2.Takeanyfunctionandwriteacodetoplotwiththeelementsofitsvector
representation

3.ConsideramatrixA.
(a)FindthedeterminantandinverseofA(usingabovementionedtools).
(b)LetBbethematrixobtainedfrom Abyroundingofftothreedecimalplaces
(1.29697→1.297).FindthedeterminantandinverseofB.HowdoA−1andB−1
differ?Explainhowthishappened.

4.ComputerGenerationofRandom Numbers.
5.Chi-squaregoodness-of-fittest.
6.One-sampleKolmogorov-Smirnovtest
7.TestforStandardNormalDistribution
8.TestingRandom NumberGenerators.
9.Monte-CarloSimulation.
10.SimulationofSingleServerQueuingSystem.
11.SimulationofTwo-ServerQueuingSystem.
12.Simulateandcontrolaconveyorbeltsystem

NOTE:Atleast6Experimentsoutofthelistmustbedoneinthesemester.

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071008T CourseTitle:SoftwareArchitectures

Courseoutcomes:
1.Arguetheimportanceandroleofsoftwarearchitectureinlarge-scalesoftware

systems.
2.Recognizemajorsoftwarearchitecturalstyles,design patterns,andframeworks.
3.Describeasoftwarearchitectureusingvarious documentationapproachesand

architecturaldescriptionlanguages.
4.Identifyandassessthequalityattributesofasystem atthearchitecturallevel.
5.Motivatethearchitecturalconcernsfordesigningand evaluatingasystem's

architecture.

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
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s

I

Introduction: The Architecture Business Cycle: Where do
architectures come from? Software processes and the
architecturebusinesscycle;Whatmakesa“good”architecture?
Whatsoftwarearchitectureisandwhatitisnot;Otherpointsof
view;Architecturalpatterns,reference models and reference
architectures;Importanceofsoftwarearchitecture;Architectural
structuresandviews.

7

II

ArchitecturalStylesandCaseStudies:Architecturalstyles;Pipes
and filters;Data abstraction and object-oriented organization;
Event-based,implicitinvocation;Layeredsystems;Repositories;
Interpreters; Process control; Other familiar architectures;
Heterogeneousarchitectures.CaseStudies:KeywordinContext;
Instrumentationsoftware;Mobilerobotics;Cruisecontrol;Three
vignettesinmixedstyle.

8

III Quality:Functionalityandarchitecture;Architectureandquality
attributes;System qualityattributes;Qualityattributescenariosin
practice;Othersystem quality attributes;Business qualities;
Architecture qualities.Achieving Quality:Introducing tactics;
Availability tactics;Modifiability tactics;Performance tactics;
Securitytactics;Testabilitytactics;Usabilitytactics;Relationship
oftacticstoarchitecturalpatterns;Architecturalpatternsand
styles.

7

IV

ArchitecturalPatterns–1:Introduction;From mudtostructure:
Layers,PipesandFilters,Blackboard. 8

V

Architectural Patterns – 2: Distributed Systems: Broker;
InteractiveSystems:MVC,Presentation-Abstraction-Control. 8

VI ArchitecturalPatterns – 3:Adaptable Systems:Microkernel;
Reflection.

7

VII SomeDesignPatterns:Structuraldecomposition:Whole–Part;
Organizationofwork:Master–Slave;AccessControl:Proxy.

7

VIII DesigningandDocumentingSoftwareArchitecture:Architecture
inthelifecycle;Designingthearchitecture;Formingtheteam
structure;Creating a skeletalsystem.Uses ofarchitectural
documentation; Views; Choosing the relevant views;
Documentingaview;Documentationacrossviews.

8

SuggestedReadings:
1. LenBass,PaulClements,RickKazman:SoftwareArchitectureinPractice,2ndEdition,Pearson

Education,2003.(Chapters1,2,4,5,7,9)
2. FrankBuschmann,RegineMeunier,HansRohnert,PeterSommerlad,MichaelStal:Pattern-

OrientedSoftwareArchitecture,ASystem ofPatterns,Volume1,JohnWileyandSons,2007.
(Chapters2,3.1to3.4)

3. MaryShawandDavidGarlan:SoftwareArchitecture-PerspectivesonanEmergingDiscipline,
Prentice-HallofIndia,2007.(Chapters1.1,2,3)

4.E.Gamma,R.Helm,R.Johnson,J.Vlissides:DesignPatterns-ElementsofReusableObject-
OrientedSoftware,PearsonEducation,1995.

WebReference:http://www.hillside.net/patterns/
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Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1. LenBass,PaulClements,RickKazman:SoftwareArchitectureinPractice,2ndEdition,Pearson

Education,2003.(Chapters1,2,4,5,7,9)
2. FrankBuschmann,RegineMeunier,HansRohnert,PeterSommerlad,MichaelStal:Pattern-

OrientedSoftwareArchitecture,ASystem ofPatterns,Volume1,JohnWileyandSons,2007.
(Chapters2,3.1to3.4)

3. MaryShawandDavidGarlan:SoftwareArchitecture-PerspectivesonanEmergingDiscipline,
Prentice-HallofIndia,2007.(Chapters1.1,2,3)

4.E.Gamma,R.Helm,R.Johnson,J.Vlissides:DesignPatterns-ElementsofReusableObject-
OrientedSoftware,PearsonEducation,1995.

5.WebReference:http://www.hillside.net/patterns/

LabonSoftwareArchitectures
Programs:

1. TonarrateRequirementDefinitionDocumentforthetargetsystem withfollowing
threeareas:Problem Identification,Problem Definition,andProblem Statement

2. TonarrateSystem RequirementsSpecificationDocumentfortargetsystem with
referencetotheIEEE610.12.1990Stdguidelines.

3. TonarrateSystem ArchitectureRequirementSpecificationDocumentfortarget
system withstakeholderandrolesdescription.

4. ToselectappropriateArchitecturalViewandStyleandprepareArchitectureDiagram
forthetargetsystem.

5. ToprepareArchitectureDecisiondocumentdescribingArchitecturalDecisions,
SoftwareInterfaces,andbehaviorsalongwithArchitecturalReview.

6. Toimplementthetargetsystem usingtheTechnicalArchitectureconformingto
technologyavailabilityandscalability.

7. TocreateTestPlan,TestCasesandapplythem totesttheperformanceadequacyof
thesystem implemented.

Practical’sonDesignPatterns
8.UsecaseDiagram forLibrarianScenario
9. UsingUMLdesignAbstractfactorydesignpattern
10.singUMLdesignAdapter-classDesignpattern
11.UsingUMLdesignAdapter-objectDesignpattern
12.UsingUMLdesignStrategyDesignpattern
13.UsingUMLdesignBuilderDesignpattern
14.UsingUMLdesignBridgeDesignpattern
15.UsingUMLdesignDecoratorDesignpattern
16.Usergivesaprintcommandfrom aworddocument.Designtorepresentthis
17.chainofresponsibilityDesignpattern
18.DesignaFlyweightDesignpattern
19.UsingUMLdesignFacadeDesignpattern

NOTE:Atleast3Experimentsfrom 1to7and4experimentsfrom 8to19from theabovelist
mustbedoneinthesemester.
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071009T CourseTitle:SoftwareReliabilityEngineering

Courseoutcomes:
1.Haveanunderstandingoftheterminology,theprocessandthemodelsofthe

softwarereliabilityengineering
2.Havelearnedtechniquestopredictandmeasurereliabilityofthesoftware

systems
3.KnowhowtoimprovereliabilityduringthevariousstagesoftheSDLC.

Credits:4 SpecializationGroupB:Elective
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Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

Introduction:The Need for Software Reliability,Software
ReliabilityEngineering,WhyDoesSoftwareCostSoMuch?Basic
DefinitionsandTerminologies.

7

II

ReliabilityEngineeringMeasures:ReliabilityDefinitions,System
MeanTimetoFailure,FailureRateFunction,ReliabilityFunction
forCommonDistributions,MaintainabilityandAvailability.

8

III Software Engineering Assessment: Introduction, Software
Versus Hardware Reliability,Software Reliabilityand Testing
Concepts,SoftwareLifecycle,SoftwareDevelopmentProcess
andItsApplications,SoftwareVerificationandValidation,Data
CollectionandAnalysis.

8

IV

Software Reliability Modelling: Introduction, Halstead’s
SoftwareMetric,McCabe’sCyclomaticComplexityMetric,Error
Seeding Models,Failure Rate Models,Curve Fitting Models,
ReliabilityGrowthModels,Non-HomogeneousPoissonProcess
Models,MarkovStructureModels.

7

V

NHPP Software Reliability Models:Introduction,Parameter
Estimation,NHPP Models,Applications,ImperfectDebugging
Versus Perfect Debugging,A Generalized NHPP Software
ReliabilityModel,MeanTimeBetweenFailuresforNHPP.

8

VI SoftwareCostModels:Introduction,A SoftwareCostModel
WithRiskFactor,AGeneralizedSoftwareCostModel,ACost
ModelWithMultipleFailureErrors,Applications.

7

VII Fault-TolerantSoftware:Introduction,Basic Fault-Tolerant
SoftwareTechniques,Self-CheckingDuplexScheme,Reliability
Modeling,ReductionOfCommon-CauseFailures.

7

VIII Software Reliability Models With Environment Factors:
Introduction,DefinitionOfEnvironmentalFactors,Environmental
Factors Analysis,A Generalized ModelWith Environmental
Factors,EnhancedProportionalHazardJelinski-Moranda,An
ApplicationWithEnvironmentalFactors.

8

SuggestedReadings:

1. H.Pham-SoftwareReliabilitySpringer-Verlag,Singapore,2000.
2. J.D.Musaet.al-SoftwareReliabilityMeasurment,PredictionandApplication,McGraw-Hill,

NewYork1987.
3.J.D.Musaet.al-SoftwareReliabilityEngineering,TMH,NewDelhi2005.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)
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2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectSoftwareEngineering,
SoftwareProjectManagement

Suggestedequivalentonlinecourses:
1.https://nptel.ac.in/courses/106/105/106105087/

FurtherSuggestions:
None

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B070912P CourseTitle:LabonSoftwareReliabilityEngineering

Courseoutcomes:
1.Developreliablesoftwaresystems.
2.Understandthefaulthandlingandfailureforecastingtechniquesinsoftwaresystems.
3.Understanddifferenttimedependentandtimeindependentsoftwarereliabilitymodels.
4.Designreliabilitymodelsforsoftwaresystems.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:
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TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1. H.Pham-SoftwareReliabilitySpringer-Verlag,Singapore,2000.
2. J.D.Musaet.al-SoftwareReliabilityMeasurment,PredictionandApplication,McGraw-Hill,NewYork

1987.
3. J.D.Musaet.al-SoftwareReliabilityEngineering,TMH,NewDelhi2005.

LabonSoftwareReliabilityEngineering
1.ThestudentshouldtakeupthecasestudyofUnifiedLibraryapplicationwhichismentionedinthe

theory,andModelitindifferentviewsi.eUsecaseview,logicalview,componentview,Deployment
view,Databasedesign,forwardandReverseEngineering,andGenerationofdocumentationofthe
project.
(a)StudyofdifferentRELIABILITYSOFTWARETOOLS(e.g.SFRATSoftwarepackage)
TESTINGPROGRAMS

3. CharacteristicsofBinomialandPoissondistributions
4. CharacteristicsofExponentialandWeibulldistributions
5. CharacteristicsofNormalandLog-Normaldistributions
6. DeterminationofMTTFforseriesandparallelsystems
7. EvaluationofLimitingStateProbabilities(LSPs)
8. Evaluationofbasicprobabilityindicesforseriesandparallelsystems
9. ParametricBoot-Strapestimationandfindingbestparameters
10.Chi-SquareGoodnessofFit
11.DeterminationofCovariance,CorrelationandCross-Correlationcoefficients
12.NeuralNetworkdesigntoBlockboxmodels
13.Testingofsamplingmethods
14.CharacteristicsofHistogram,Scatterdiagram,ProcessFlowdiagram andParetodiagram

NOTE:Atleast6Experimentsfrom theabovelistmustbedoneinthesemester.

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071010T CourseTitle:SoftwareSecurityEngineering

Courseoutcomes:
1.Todemonstrateknowledgeofthedistinctionbetweencriticalandnon-critical

systems.
2.Todemonstratetheabilitytomanageaprojectincludingplanning,schedulingand
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riskassessment/management.
3.Todemonstrateanunderstandingofthepropercontentsofarequirementsfor

securesoftware.
4.Todemonstrateproficiencyinrapidsoftwaredevelopmenttechniques.

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

Introduction:System Complexity,ThreatstoSoftwareSecurity,
Sources ofSoftware Insecurity, The Benefits ofDetecting
Software SecurityDefects Early,Managing Secure Software
Development.

7

II

WhatMakesSoftwareSecure:Introduction,DefiningProperties
ofSecureSoftware,HowtoInfluencetheSecurityPropertiesof
Software,HowtoAssertandSpecifyDesiredSecurityProperties

8

III RequirementsEngineering forSecureSoftware:Introduction,
MisuseandAbuseCases,TheSQUAREProcessModel,SQUARE
SampleOutputs

7

IV

RequirementsElicitationandPrioritization:OverviewofSeveral
ElicitationMethods,ElicitationEvaluationCriteria,Requirements
Prioritization

8

V

Secure Software Architecture and Design: Introduction,
Software Security Practices for Architecture and Design:
ArchitecturalRiskAnalysis,SoftwareSecurityKnowledgefor
ArchitectureandDesign:SecurityPrinciples,SecurityGuidelines,
andAttackPatterns

8

VI ConsiderationsforSecureCodingandTesting: Introduction,
Code Analysis,Coding Practices,Software SecurityTesting,
SecurityTestingConsiderationsThroughouttheSDLC

7

VII Security and Complexity: System Assembly Challenges:
Introduction, Security Failures, Functional and Attacker
PerspectivesforSecurityAnalysis,System ComplexityDrivers
andSecurity,DeepTechnicalProblem ComplexityMitigations

7

VIII Governance, and Managing for More Secure Software:
Introduction,GovernanceandSecurity,AdoptinganEnterprise
SoftwareSecurityFramework,How MuchSecurityIsEnough?,
SecurityandProject,MaturityofPractice

8
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SuggestedReadings:
1.LenBass,PaulClements,RickKazman:SoftwareArchitectureinPractice,2ndEdition,Pearson

2.JuliaH.Allen,SeanJ.BarnumRobertJ.Ellison,GaryMcGraw,NancyR.Mead,Software
SecurityEngineering:AGuideforProjectManagers,PearsonEducation.

3.MarkMerkowandLakshmikanthRaghavan,SecureandResilientSoftware,,CRC
Press.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

1.AssessmentType:ClassTests(Max.Marks14)

2.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

3.AssessmentType:Assignments(MaxMarks:4)

4.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectSoftwareEngineering

Suggestedequivalentonlinecourses:

FurtherSuggestions:
None

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B070913P CourseTitle:LabonSoftwareSecurityEngineering
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Courseoutcomes:
1. Implementtheciphertechniques
2. Developthevarioussecurityalgorithms
3. Usedifferentopensourcetoolsfornetworksecurityandanalysis

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.LenBass,PaulClements,RickKazman:SoftwareArchitectureinPractice,2ndEdition,Pearson

2.JuliaH.Allen,SeanJ.BarnumRobertJ.Ellison,GaryMcGraw,NancyR.Mead,Software
SecurityEngineering:AGuideforProjectManagers,PearsonEducation.

3.MarkMerkowandLakshmikanthRaghavan,SecureandResilientSoftware,,CRC
Press.

LabonSoftwareSecurityEngineering
1.ImplementthefollowingSUBSTITUTION&TRANSPOSITIONTECHNIQUESconcepts:

a)CaesarCipher
b)PlayfairCipher
c)HillCipher
d)VigenereCipher
e)Railfence–row&ColumnTransformation

2.Implementanytwoofthefollowingalgorithms
a)DES
b)RSAAlgorithm
c)Diffiee-Hellman
d)MD5
e)SHA-1

3.ImplementtheSignatureScheme-DigitalSignatureStandard
4.Demonstratehowtoprovidesecuredatastorage,securedatatransmissionandfor
5.creatingdigitalsignatures(GnuPG)
6.Setupahoneypotandmonitorthehoneypotonnetwork(KFSensor)
7.Installationofrootkitsandstudyaboutthevarietyofoptions
8.Perform wirelessauditonanaccesspointorarouteranddecryptWEPandWPA.
9.(NetStumbler)
10.Demonstrateintrusiondetectionsystem (ids)usinganytool(snortoranyothers/w)

NOTE:Atleast5Experimentsfrom theabovelistmustbedoneinthesemester.

SpecializationGroupC: DataScience
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Paper
Code

PaperTitle Core/Elective Theory/
Practical

Credit

B070914T FoundationonDataScience Core Theory 4 9

B070915P LabonFoundationonDataScience Core Practical 4 9

ChooseElectivesIfrom thelist

B070904T MachineLearningTechniques Theory
Elective

Theory 4 9

B070916T StatisticsforDataScience Theory
Elective

Theory 4 9

B070917P LabonMachineLearningTechniques LabElective Practical 4 9

B070918P LabonStatisticsforDataScience LabElective Practical 4 9

ChooseElectivesII,IIIfrom thelist

B071014T DataVisualization Theory
Elective

Theory 4 10

B071015T BigData Theory
Elective

Theory 4 10

B071016T NaturalLanguageProcessing Theory
Elective

Theory 4 10

B071017P LabonDataVisualization LabElective Practical 4 10

B071018P LabonBigData LabElective Practical 4 10

B071019P LabonNaturalLanguageProcessing LabElective Practical 4 10

Programme/Class:Master

inScience(Computer
Year:Fifth

Semester:IX
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Science)

Subject:ComputerScience

CourseCode:B070904T
CourseTitle: MachineLearningTechniques

Courseoutcomes:Thestudentswillbeabletoselectandimplementmachinelearningtechniques
andcomputingenvironmentthataresuitablefortheapplicationsunderconsideration.,hewillbe
abletosolveproblemsassociatedwithbatchlearningandonlinelearning.Studentswillhavethe
abilitytounderstandandapplyscalingupmachinelearningtechniquesandassociatedcomputing
techniquesandtechnologies.Hewouldbeabletorecognizeandimplementvariouswaysof
selectingsuitablemodelparametersfordifferentmachinelearningtechniques.

Credits:4 Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

IntroductionClassoverview:Classorganization,topics

overview, Introduction: What is ML; Problems,

Definitionoflearningsystems.Goalsandapplications

ofmachinelearning.Aspectsofdevelopingalearning

system:trainingdata,conceptrepresentation,function

approximation.

6

II

Linearregression;SSE;gradientdescent;closedform;

normalequations;features,Overfittingandcomplexity;

training,validation,testdata,Classificationproblems;

decision boundaries; nearest neighbor methods.

Probabilityandclassification,Bayesoptimaldecisions,

Naive Bayes and Gaussian class-conditional

distributionLinearclassifiers,Bayes'RuleandNaive

Bayes Model, Logistic regression,online gradient

descent

7

III

Decision Tree Learning Representing concepts as
decisiontrees.Recursiveinductionofdecisiontrees.
Picking the best splitting attribute: entropy and
information gain.Searching for simple trees and
computationalcomplexity.Overfitting,noisydata,and
pruning.

8

IV

EnsembleLearningBagging,boosting,andDECORATE.
Activelearningwithensembles.
ExperimentalEvaluationofLearningAlgorithms
Measuring the accuracy of learned hypotheses.

7
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Comparing learning algorithms: cross-validation,
learningcurves,andstatisticalhypothesistesting.

V

ComputationalLearningTheory:Modelsoflearnability:

learning in the limit;probablyapproximatelycorrect

(PAC)learning.Sample complexity:quantifying the

number of examples needed to PAC learn.

Computational complexity of training. Sample

complexityforfinitehypothesisspaces.PACresultsfor

learning conjunctions, kDNF, and kCNF. Sample

complexity for infinite hypothesis spaces,Vapnik-

Chervonenkisdimension

8

VI

SupportVectorMachines Kernels forlearning non-
linearfunctions.BayesianLearningProbabilitytheory
and Bayes rule. Naive Bayes learning algorithm.
Parametersmoothing.Generative vs.discriminative
training.Logisiticregression.BayesnetsandMarkov
netsforrepresentingdependencies.k-Nearest-neighbor
algorithm.Case-basedlearning.
Text Classification:Bag of words representation.
VectorspacemodelRelevancefeedbackandRocchio
algorithm.Versions ofnearestneighborand Naive
Bayesfortext.

8

VII

ClusteringandUnsupervisedLearningLearningfrom
unclassifieddata.Clustering.HierarchicalAglomerative
Clustering.k-meanspartitionalclustering.Expectation
maximization(EM)forsoftclustering.Semi-supervised
learningwithEM usinglabeledandunlableddata.

8

VIII

Language Learning Classification problems in
language: word-sense disambiguation, sequence
labeling.Hidden Markov models (HMM's).Veterbi
algorithm for determining most-probable state
sequences. Forward-backward EM algorithm for
trainingtheparametersofHMM's.UseofHMM'sfor
speech recognition, part-of-speech tagging, and
informationextraction.

8

SuggestedReadings:

1.Tom M.Mitchell,“MachineLearning”,McGraw-HillEducation(India)PrivateLimited,2013.

2.Ethem Alpaydin,“IntroductiontoMachineLearning”,TheMITPress2004.

3.StephenMarsland,“MachineLearning:AnAlgorithmicPerspective”,CRCPress,2009.

4.DuttSaikat,“MachineLearning” ,Pearson
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Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.inEngineering,B.Sc.Vocational,
BCA,BachelorinFineArts.,B.E./B.Tech

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.

Courseprerequisites:

Tostudythiscourse,astudentmusthavehadthesubjectMathematicsinclass12th.

Suggestedequivalentonlinecourses:

FurtherSuggestions:

Programs:
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Programme/Class:Master

inScience(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070916T
CourseTitleStatisticsforDataScience

CourseOutcomes:Afterthecompletionofthecourse,thestudentswillbeable:
CO1:Tolearnadvancedstatisticaltechniqueandapplythem totheanalysisofrealdata
sets.
CO2:Toanalysedataanddrawinferencesfrom dataanalysis.
CO3:Tolearnandapplydataminingtechniquesondatasets.
CO4:Tomakeestimationandpredictionwiththegivendata.

Credits:4 Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):L-T-P:4-0-0

Unit Topics No.of
Lectures

I

Introduction to Statistics:fundamentalstatistical
concepts, examining distributions, describing
categoricaldata,constructingconfidenceintervals,
simpletestsofhypothesis,Chi-Squareasatestof
independent,Chi-squareasaTestofgoodnessoffit;
Analysis ofVariance (ANOVA):one-wayANOVA,
multiple comparisons,two-way ANOVA with and
without interactions; Multivariate Analysis of
Variance (MANOVA):Type 1 errors,relation to
ANOVA, one-way MANOVA, two-way MANOVA,
Hypothesis testing techniques; Factor analysis,
clusteranalysis.

8

II

Regression Models: Least squares and linear
regression,Ordinaryleastsquares;Regressiontothe
mean; Linear regression; Residuals; Regression
inference; Multivariable regression: Multivariate
regression; Residual variation and diagnostics;
Multiplevariables,Non-linearTransformationsofthe
Predictors,QualitativePredictors.

8
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III

Multiple Regression Analysis; Dummy Variable
Regression Models; Multi-collinearity,
Heteroscedasticity, Autocorrelation; Econometric
Modelling: Model Specification and Diagnostic
Testing; Correlation and Covariance Analysis;
CanonicalAnalysis,CanonicalRoots/variates;

8

IV

Extensionofregressionanalysis:RidgeRegression,
The Lasso Nonlinear Regression Models:
Approaches to Estimating Nonlinear Regression
models.

8

V
Generalized linear models: Logistic Regression,
Binaryoutcomes,Countoutcomes,MultipleLogistic
Regression.

7

VI

Classification: Using Bayes’ Theorem for
Classification,Procedure ofDiscriminantAnalysis,
Linear Discriminant Analysis, Estimating
Misclassification Probabilities, Quadratic
DiscriminantAnalysis;ClusterAnalysis:Measuresof
AssociationforContinuousVariables,Measuresof
AssociationforBinaryVariables,Agglomerative.

7

VII
HierarchicalClustering,Ward’s Method,K-Means
Procedure, K-Nearest-Neighbours; Maximum
LikelihoodEstimationMethod;

7

VIII

Resampling Methods:sample goal,sample size,
selection criteria,standard error,CrossValidation,
Leave-one-out-cross-validation, k-fold cross-
validation,Bootstrapping, Challenges, Jackknife
Resampling,PermutationTesting.

7

SuggestedReadings:

1.D.Gujarati,“BasicEconometrics,”McGrawHill,2011.
2.T.HastieandT.Robert,“AnIntroductiontoStatisticallearningwithapplicationinR,”
Springer:NewYork,2014.
3.T.Hastie,T.Robert,andJ.Friedman,“TheElementsofStatisticalLearningDataMining,
Inference,andPrediction,”SecondEdition,Springer:NewYork,2009.
4.RichardI.LevinandDavidS.Rubin,“StatisticsforManagement,”SeventhEdition,
Pearson,1998.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:

B.Sc.inElectronics,B.Sc.inPhysics,B.Sc.inStatistics,B.Sc.inEngineering,B.Sc.Vocational,
BCA,BachelorinFineArts.,B.E./B.Tech

SuggestedContinuousEvaluationMethods:

2PeriodicalTests(eachof5marks)+10marksforthesubmissionofanytwoprograms

writteninanyprogramminglanguagefrom thegivenlist+3marksofassignment+2marks

ofattendance.
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Courseprerequisites:

Tostudythiscourse,astudentmusthavehadthesubjectMathematicsinclass12th.

Suggestedequivalentonlinecourses:

FurtherSuggestions:

Programs:

Programme:Masterin

Science(Computer

Science)

Year:Fifth

Semester:IX

Subject:ComputerScience

CourseCode:B070917P CourseTitle:LabonMachineLearningTechniques

Courseoutcomes:

Thestudentswillbeabletoselectandimplementmachinelearningtechniquesandcomputing
environmentthataresuitablefortheapplicationsunderconsideration.,hewillbeabletosolve
problemsassociatedwithbatchlearningandonlinelearning.Studentswillhavetheabilityto
understandandapplyscalingupmachinelearningtechniquesandassociatedcomputing
techniquesandtechnologies.Hewouldbeabletorecognizeandimplementvariouswaysof
selectingsuitablemodelparametersfordifferentmachinelearningtechniques.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.Tom M.Mitchell,“MachineLearning”,McGraw-HillEducation(India)PrivateLimited,2013.

2.Ethem Alpaydin,“IntroductiontoMachineLearning”,TheMITPress2004.

3.StephenMarsland,“MachineLearning:AnAlgorithmicPerspective”,CRCPress,2009.

4.DuttSaikat,“MachineLearning” ,Pearson

LabononMachineLearningTechniques
ListofPracticalinAIwithpython:

1.Writeaprogram toimplementk-NearestNeighbouralgorithm toclassifytheirisdataset.

Printbothcorrectandwrongpredictions.PythonMLlibraryclassescanbeusedforthis

problem.

2.Writeaprogram toconstructaBayesiannetworkconsideringmedicaldata.Usethismodel

todemonstratethediagnosisofheartpatientsusingstandardHeartDiseaseDataSet.You

canusePythonMLlibraryclasses/API.

prati
Highlight
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3.Assumingasetofdocumentsthatneedtobeclassified,usethenaïveBayesianClassifier

modeltoperform thistask.Calculatetheaccuracy,precision,andrecallforyourdataset.

4.ImplementanddemonstratetheFIND-Salgorithm forfindingthemostspecifichypothesis

basedonagivensetoftrainingdatasamples.

5.Writeaprogram todemonstratetheworkingofthedecisiontreebasedID3algorithm.Use

anappropriatedatasetforbuildingthedecisiontreeandapplythisknowledgetoclassifya

newsample.

6.Implementthenon-parametricLocallyWeightedRegressionalgorithm inordertofitdata

points.Selectappropriatedatasetforyourexperimentanddrawgraphs.

7.ImplementtheViterbiAlgorithm inHiddenMarkovModel.

8.ImplementstheForward-backwardEM algorithm fortrainingtheparametersof

HMM's

9.ImplementtheHMM forpatternclassificationofEnglishvowels.

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth
Semester:IX

Subject:ComputerScience

CourseCode:B070918P CourseTitle:LabonStatisticsforDataScience

CourseOutcomes:Afterthecompletionofthecourse,thestudentswillbeable:
CO1:Tolearnadvancedstatisticaltechniqueandapplythem totheanalysisofrealdata
sets.
CO2:Toanalysedataanddrawinferencesfrom dataanalysis.
CO3:Tolearnandapplydataminingtechniquesondatasets.

CO4:Tomakeestimationandpredictionwiththegivendata.

Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
2.JayLiebowitz,―BigDataAndBusinessAnalyticsLaboratory,CRCPress.

Q1.A datasetthatcontains total1000 votesfrom differentraces (Asian,Black,
Hispanic,White,andother)andparties(Democrat,Independent,andRepublican)is
givenbelow.WritePython/RProgram for
a) CreateObservedtableandExpectedtable
b) CalculatetheChi-SquarevalueandCriticalvalue

prati
Highlight
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071014T CourseTitle:DataVisualization

Courseoutcomes:
Bythecompletionofthiscourse,learnerswillbeableto:
CO1:Knowthebasicsofdatavisualization
CO2:Designandcreatedatavisualizations.

CO2:Conductexploratorydataanalysisusingvisualization.
CO3:Craftvisualpresentationsofdataforeffectivecommunication.
CO4:Applydatatransformationssuchasaggregationandfilteringforvisualization.
CO6:Identifyopportunitiesforapplicationofdatavisualizationinvariousdomains.

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s
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I

Introductiontodataanditsvisualization,Importanceof
analytics, Visual Representations and Interaction
Technologies,Developanew suiteofvisualparadigms
thatsupportthe analyticalreasoning process,Visual
representationprinciples,typesofdata,addressscale
and information complexity, knowledge discovery
throughinformationsynthesis,andfacilitateanalytical
reasoning.

7

II

Problem solving with visualanalytics:visualanalytics
pocess,buildingblocksofvisualanalytics,challenges
andopportunities,spatio-tempoal(spaceandtime)visual
analytics, dependencies between observations,
Uncertainties.

8

III Exploratory data analysis (EDA),Types ofEDA,Data
formats,Univariatenon-graphicalEDA,Centraltendency,
Spread,Skewnessandkurtosis,UnivariategraphicalEDA,
Histograms,Stem-and-leafplots,Quantile-normalplots.

7

IV

Multivariate non-graphical EDA, Cross-tabulation,
Correlationandcovariance,Covarianceandcorrelation
matrices,MultivariategraphicalEDA.

8

V

EDAusingR,EDAvs.Classicaldataanalysis,EDAgoals,
Role of graphics, Data treatment, Scatter plots,
Histograms,Probabilityplots,ResidualPlots,Boxplots,
Blockplots,Interpretationofplots.

8

VI DatavisualizationinPython:MatplotlibAPI,Plottypes,
legendsandannotations,PlottingfunctionswithPandas,
Bokeh,MayaVi.

7

VII Gephi:fundamentals,acquiringdata,importingdatainto
Gephi,organizedatawithlayouts,filtering,size,color,
colormaps,colorchannels,facetsandviews,Juxtapose
andCoordinateViews,PartitionintoViews,Superimpose
Layers

7

VIII Tableau: introduction to Tableau, data preperation,
sampledataset,workspace,settingupdataconnectors,
datatables,datatypes,join,union,charttypes,table
calculations,maps.

8

SuggestedReadings:
1.DanielA.Keim,FlorianMansmann,AndreasStoffel,HartmutZiegler,“VisualAnalytics”,

UniversityofKonstanz,Germany,2014.
2. AndyKirk,DataVisualizationAHandbookforDataDrivenDesign,SagePublications,2016

3.PhilippK.Janert,GnuplotinAction,UnderstandingDatawithGraphs,ManningPublications,2010.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

5.AssessmentType:ClassTests(Max.Marks14)
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6.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

7.AssessmentType:Assignments(MaxMarks:4)

8.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectDataStructures,Python
programming

Suggestedequivalentonlinecourses:

FurtherSuggestions:
None

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071015T CourseTitle:BigData

Courseoutcomes:
CO1:ToidentifyBigDataanditsbusinessimplications.
CO2:Toaccessandprocessdataondistributedfilesystem
CO3:TomanagejobexecutioninHadoopenvironment
CO4:TodevelopBigDatasolutionsusingHadoop

Credits:4 SpecializationGroupB:Elective

Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
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s

I

Introduction:TypesofDigitalData,IntroductiontoBigData,
Big Data Analytics,Big Data Platform,Challenges of
ConventionalSystems,Intelligentdataanalysis,Natureof
Data,AnalyticProcessesandTools,AnalysisvsReporting.

7

II

HistoryofHadoop,ApacheHadoop,AnalysingDatawith
Hadoop,ComponentsofHadoopAnalysingtheDatawith
Hadoop, Scaling Out, Hadoop Streaming, Hadoop
environment.HadoopEchoSystem,

8

III HadoopDistributedFileSystem:DesignofHDFS,HDFS
Concepts,Command LineInterface,Hadoop filesystem
interfaces,Data flow,Data Ingestwith Flume,Sqoop,
Hadooparchives,HadoopI/O:Compression,Serialization,
Avro,FilebasedDatastructures,JavainterfacestoHDFS.

7

IV

Map Reduce Application:Developing a Map Reduce
Application,How MapReduceWorks,AnatomyofaMap
ReduceJobrun,Failures,JobScheduling,ShuffleandSort,
Task execution,Map Reduce Types and Formats,Map
ReduceFeatures.

8

V

Pig: Introduction to PIG, Execution Modes of Pig,
ComparisonofPigwithDatabases,Grunt,PigLatin,User
Defined Functions,Data Processing operators,Filtering,
Sorting,CombiningandSplitting,Modesofexecution.

8

VI Hive:HiveShell,HiveServices,HiveMetastore,Comparison
withTraditionalDatabases,Datatypes,CreateDatabase,
Cropdatabase,HiveQL,Tables,CreateTables,AlterTables,
DropTables,Partitioning,QueryingData,Operators,User
DefinedFunctions.

7

VII Hbase:HBasics,Concepts,Clients,Example,HbaseVersus
RDBMS, Shell, General Commands, API, Tables and
Operations,CreateandManageData.

7

VIII Big SQL:Introduction,Preparing Big SQL Environment,
CreatingDirecttories,GettingSampleData,CreateTables,
LoadingData,CreatingSQLscripts,RunningSampleQuery,
Analysis.

8

SuggestedReadings:

1.MichaelBerthold,DavidJ.Hand,“IntelligentDataAnalysis”,Springer,2007.

2.Tom White“Hadoop:TheDefinitiveGuide”ThirdEdition,O’reillyMedia,2012.

3. Chris Eaton,Dirk DeRoos,Tom Deutsch,George Lapis,PaulZikopoulos,
“UnderstandingBigData:AnalyticsforEnterpriseClassHadoopandStreamingData”,
McGrawHillPublishing,2012.

4.AnandRajaramanandJeffreyDavidUllman,“MiningofMassiveDatasets”,CUP,
2012.
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5.BillFranks,“TamingtheBigDataTidalWave:FindingOpportunitiesinHugeData
StreamswithAdvancedAnalytics”,JohnWiley&sons,2012.

6.GlennJ.Myatt,“MakingSenseofData”,JohnWiley&Sons,2007.

7.PeteWarden,“BigDataGlossary”,O’Reilly,2011.

8.JiaweiHan,MichelineKamber“DataMiningConceptsandTechniques”,2ndEdition,
Elsevier,Reprinted2008.

9.DaRuan,GuoquingChen,EtienneE.Kerre,GeertWets,“IntelligentDataMining”,
Springer,2007.

10.PaulZikopoulos,DirkdeRoos,KrishnanParasuraman,ThomasDeutsch,James
Giles,DavidCorrigan,“HarnessthePowerofBigDataTheIBM BigDataPlatform”,
TataMcGrawHillPublications,2012.

Thiscoursecanbeoptedasanelectivebythestudentsoffollowingsubjects:
B.ScinEngineering,BCA,MCA,M.Sc.(IT)

SuggestedContinuousEvaluationMethods:Max.Marks:25

9.AssessmentType:ClassTests(Max.Marks14)

10.AssessmentType:Quizzes/ObjectiveTests/RecognitionType(suchasMCQs;
TrueorFalse;Matching;Classifying)/RecallType-FillingBlanks;Oneword/Phrase
Answers(MaxMarks:5)

11.AssessmentType:Assignments(MaxMarks:4)

12.AssessmentType:ClassInteraction(Max.marks:2)

Courseprerequisites:
Tostudythiscourse,astudentmusthavehadthesubjectDataStructures,Python
programming

Suggestedequivalentonlinecourses:

FurtherSuggestions:
None
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Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071016T CourseTitle:NaturalLanguageProcessing

Courseoutcomes:
CO1:Understandthemathematicalandlinguisticfoundationsfornaturallanguage
processing.
CO2:UnderstandapproachestosyntaxandsemanticsinNLP.
CO34:Understandapproachestodiscourse,generation,dialogueandsummarizationwithin
NLP.
CO4:Understandcurrentmethodsforstatisticalapproachestomachinetranslation.
CO5:UnderstandmachinelearningtechniquesusedinNLP.

Credits:4 SpecializationGroupB:Elective
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Max.Marks:25+75 Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):4-0-0

Unit Topic No.of
Lecture
s

I

Naturallanguage and Formallanguage,NLP tasks in
syntax,semantics,andpragmatics,Applicationssuchas
informationextraction,Theproblem ofambiguity,Therole
ofmachinelearninginNLP,ArgMaxComputation.

7

II

WSD:WordNet,Wordnet;ApplicationinQueryExpansion,
Wiktionary;semanticrelatedness,WordNetSimilarity,N-
gramsandlanguagemodels,Corpora,Unigram,Bigram,
andTrigram models,UsageofN-grams,N-gramsTraining
&Testing.

8

III N-grams(cont.),Counting,Probability,Perplexity,Entropy,
Smoothing techniques,Backoff methods,Class-based
models.PartofSpeech (POS)Tagging,POS Tagger,
Chunking.

7

IV

ParsingAlgorithms,EvidenceforDeeperStructure;Top
Down Parsing Algorithms,Noun Structure,Non-noun
Structure,Probabilisticparsing;sequencelabeling,PCFG,
Probabilisticparsing:Trainingissues,Probabilisticparsing;
inside-outsideprobabilities.

8

V

Text Clustering,DistributionalSemantics,Morphology,
Graphical Models for Sequence Labelling in NLP,
Phonetics.

8

VI Consonants,Vowels,Phonology,HMM andViterbi,Forward
Backward probability,Opinions on the Web,Machine
Translation,TextEntailment.

7

VII SentimentAnalysis,SemanticAnalysis,Textcoherence
and discourse structure, Information extraction,
Informationretreival,Pronounse,Referenceresolution.

7

VIII Precision,Recall,F-score,Map,SemanticRelations;UNL;
Towards Dependency Parsing, Universal Networking
Language, Semantic Role Extraction, Baum Welch
Algorithm;HMM training.

8

SuggestedReadings:

1.Allen,James,NaturalLanguageUnderstanding,SecondEdition,
Benjamin/Cumming,1995.
2.Charniack,Eugene,StatisticalLanguageLearning,MITPress,1993.
3.Jurafsky,DanandMartin,James,SpeechandLanguageProcessing,Second
Edition,PrenticeHall,2008.
4.Manning,ChristopherandHeinrich,Schutze,FoundationsofStatisticalNatural
LanguageProcessing,MITPress,1999.
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Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1.DanielA.Keim,FlorianMansmann,AndreasStoffel,HartmutZiegler,“VisualAnalytics”,

UniversityofKonstanz,Germany,2014.
2. AndyKirk,DataVisualizationAHandbookforDataDrivenDesign,SagePublications,2016
3. PhilippK.Janert,GnuplotinAction,UnderstandingDatawithGraphs,ManningPublications,2010.

LabonDataVisualization
Thispracticalcourseusesdatafrom theUC IrvineMachineLearningRepository,a

popularrepositoryformachinelearningdatasets.Inparticular,wewillbeusingthe“Auto

MPGDataSet”availablefrom https://archive.ics.uci.edu/ml/datasets/Auto+MPG.Dothe

followingusingR/Python:

1.Howmanycarsandhowmanyattributesareinthedataset.

2.Howmanydistinctcarcompaniesarerepresentedinthedataset?Whatisthenameof

thecarwiththebestMPG?Whatcarcompanyproducedthemost8-cylindercars?What

arethenamesof3-cylindercars?Dosomeinternetsearchthatcantellyouaboutthe

historyandpopularityofthose3-cylindercars.

3.Whataretherange,mean,andstandarddeviationofeachattribute?Payattentionto

potentialmissingvalues.

4.Plothistogramsforeachattribute.Payattentiontotheappropriatechoiceofnumber

ofbins.Write2-3sentencessummarizingsomeinterestingaspectsofthedataby

lookingatthehistograms.

5.Plotascatterplotofweightvs.MPG attributes.Whatdoyouconcludeaboutthe

relationshipbetweentheattributes?Whatisthecorrelationcoefficientbetweenthe2

attributes?

6.Plotascatterplotofyearvs.cylindersattributes.Addasmallrandom noisetothe

valuestomakethescatterplotlooknicer.Whatcanyouconclude?Dosomeinternet

searchaboutthehistoryofcarindustryduring70’sthatmightexplaintheresults.(Hint:

data.mpg+np.random.random(len(data.mpg))willaddsmallrandom noise)

7.Show2morescatterplotsthatareinterestingdoyou.Discusswhatyousee.

8.Plotatimeseriesforallthecompaniesthatshowhowmanynewcarstheyintroduces

duringeachyear.Doyouseesomeinterestingtrends?(Hint:data.carname.str.split()[0]

returnsavectorofthefirstwordofcarnamecolumn.)

9.Calculatethepairwisecorrelation,anddrawtheheatmapwithMatplotlib.Doyousee

someinterestingcorrelation?(Hint:data.iloc[:,0:8].corr(),plt.pcolor()drawstheheatmap.)

10.Calculatethepairwisecovariance.

11.CalculateSpread,SkewnessandKurtosisof‘Weight’attribute.
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NOTE:Atleast8Experimentsfrom theabovelistmustbedoneinthesemester.

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071018P CourseTitle:LabonBigData

Courseoutcomes:
1.OptimizebusinessdecisionsandcreatecompetitiveadvantagewithBigdataanalytics
2.Practicejavaconceptsrequiredfordevelopingmapreduceprograms.
3.ImpartthearchitecturalconceptsofHadoopandintroducingmapreduceparadigm.
4.PracticeprogrammingtoolsPIGandHIVEinHadoopecosystem.
5.ImplementbestpracticesforHadoopdevelopment.
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Credits:4 Max.Marks:
25+75

Min.PassingMarks:

TotalNo.ofLectures-Tutorials-Practical(inhoursperweek):0-0-8

SuggestedReadings:
1. JayLiebowitz,―BigDataAndBusinessAnalyticsLaboratory,CRCPress.
4.

LabonBigData
1.InstallationofVMWaretosetuptheHadoopenvironmentanditsecosystems

2.a.Perform settingupandInstallingHadoopinitsthreeoperatingmodes.
(ii.) Standalone.

(iii.) Pseudodistributed.
(iv.) Fullydistributed.

b.UsewebbasedtoolstomonitoryourHadoopsetup.

3.ImplementingthebasiccommandsofLINUXOperatingSystem –File/Directorycreation,deletion,
updateoperations.

4.ImplementthefollowingfilemanagementtasksinHadoop:

(i.) Addingfilesanddirectories
(ii.) Retrievingfiles

(iii.) Deletingfiles
Hint:AtypicalHadoopworkflowcreatesdatafiles(suchaslogfiles)elsewhereandcopiesthem
intoHDFSusingoneoftheabovecommandlineutilities.

5.RunabasicwordcountMapReduceprogram tounderstandMapReduceParadigm.

6.WriteaMapReduceprogram thatminesweatherdata.Hint:Weathersensorscollectingdataevery
houratmanylocationsacrosstheglobegatheralargevolumeoflogdata,whichisagood
candidateforanalysiswithMapReduce,sinceitissemistructuredandrecord-oriented

7.ImplementmatrixmultiplicationwithHadoopMapReduce.

8.InstallationofPIG.

9.WritePigLatinscriptssort,group,join,project,andfilteryourdata.

10.a.RunthePigLatinScriptstofindWordCount
b.RunthePigLatinScriptstofindamaxtempforeachandeveryyear.

11.InstallationofHIVE.

12.UseHivetocreate,alter,anddropdatabases,tables,views,functions,andindexes.

NOTE:Atleast8Experimentsfrom theabovelistmustbedoneinthesemester.

Programme/Class:M.Sc.
(Computerscience)

Year:Fifth Semester:Tenth

Subject:ComputerScience

CourseCode:B071019P CourseTitle:LabonNaturalLanguageProcessing

Courseoutcomes:
CO1:Understandthemathematicalandlinguisticfoundationsfornaturallanguage
processing.


	MSC CS.pdf
	MSC CS.pdf
	Final_Syllabus_PG_CS_4 (1).pdf


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar


		CHRAJEEV72@GMAIL.COM
	2024-06-14T15:09:35-0700
	RAJEEV KUMAR
	Digitally Signed By: Registrar




