
Aprogramminglanguageisalanguagedesignedtocommunicateinstructionstoacomputer.Theyare

usedtocreateprogramsthatcontrolthebehaviorofamachine.

•Syntaxisasetofrulesthatdefinehowthecommandshavetobearrangedtomakesenseandtobe

correctlytranslatabletothemachinecode.

•Grammarisasetofrulesofusingdifferentpunctuation,quotationmarks,semicolons,andother

symbolstodivideandclarifythesyntaxofaparticularlanguage

•Semanticsisasetofmeaningsassignedtoeverycommandofthelanguageandisusedtoproperly

translatetheprogrammetomachinecode.

MachineLanguage:Machinelanguageisacollectionofbinarydigitsorbitsthatthecomputerreadsand

interprets.Machinelanguageistheonlylanguageacomputeriscapableofunderstanding

Assemblylanguage:Assemblylanguageiseasiertousethanmachinelanguage.Anassemblerisuseful

fordetectingprogrammingerrors.Programmersdonothavetheabsoluteaddressofdataitems.

Assemblylanguageencouragemodularprogramming

HighlevellanguageHighlevellanguageisalanguagethatsupportsthehumanandtheapplicationsides

oftheprogramming.Alineinahigh-levellanguagecanexecutepowerfuloperations.andcorrespondto

tens,orhundreds,ofinstructionsatthemachineleveleBASIC,FORTRAN

AttributeofgoodProgrammingLanguage

Clarity,SimplicityandUnity:AProgramminglanguageprovidesbothaconceptualframeworkfor

Algorithmplanningandmeansofexpressingthem.

Orthogonality:OrthogonalityisoneofthemostimportantfeaturesofPL.Itisthepropertythatsays"

ChangingAdoesnotchangeB"Whenthefeaturesofalanguageareorthogonal,languageiseasierto

learnandprogramsareeasiertowritebecauseonlyfewexceptionsandspecialcasestobe

remembered.

SupportforAbstraction:

Easeofprogramverification/Reusability:Thereusabilityofprogramwritteninalanguageisalwaysa

centralconcern.AprogramischeckedbyvarioustestingtechniquelikeFormalverificationmethodDesk

checkingInputoutputtestcheckinge.t.cSimplicityofsemanticandsyntacticstructureisaprimary

aspectthattendstosimplifyprogramverification.

Portabilityofprograms:Programminglanguageshouldbeportablemeansitshouldbeeasytotransfera

programfromwhichtheyaredevelopedtotheothercomputer.

ProgramperformanceandfeaturesofprogramminglanguagesAprogramminglanguage’sfeatures

includeorthogonalityorsimplicity,availablecontrolstructures,datatypesanddatastructures,syntax



design,supportforabstraction,expressiveness,typeequivalence,andstrongversusweaktypechecking,

exceptionhandling,andrestrictedaliasing.Whiletheperformanceofaprogram,includingreliability,

readability,writability,reusability,andefficiency,islargelydeterminedbythewaytheprogrammer

writesthealgorithmandselectsthedatastructures,

Programminglanguageevolution

1883:TheBeginning…!!Intheearlydays,CharlesBabbagehadmadethedevice,buthewasconfused

abouthowtogiveinstructionstothemachine,andthenAdaLovelacewrotetheinstructionsforthe

analyticalengine.ThedevicewasmadebyCharlesBabbageandthecodewaswrittenbyAdaLovelace

forcomputingBernoulli’snumber.

1949:AssemblyLanguage:atypeoflow-levellanguage.Itmainlyconsistsofinstructions(kindof

symbols)thatonlymachinescouldunderstand.Intoday’stime,assemblylanguageisusedinreal-time

programssuchassimulationflightnavigationsystemsandmedicalequipmente.g.–Fly-by-wire(FBW)

systems.Itisalsousedtocreatecomputerviruses.

1954-:FORTRAN:FORTRANwasdevelopedin1954byJohnBackusandIBM.Itwasdesignedfor

numericcomputationandscientificcomputing.SoftwareforNASAprobesvoyager-1(spaceprobe)and

voyager-2(spaceprobe)wasoriginallywritteninFORTRAN.Itisfirsthighlevellanguage.Itwas

developedusingthefirstcompileranditisMachineIndependentLanguage.FORTRAN2ndversionwas

developedwhichintroducessubroutines,functions,loopsandprimitiveforloop.ItstartedasaProject

andlaterrenamedasALGOL58

1958:ALGOLALGOLstandsforALGOrithmicLanguage,whichisTheinitialphaseofthemostpopular

programminglanguagesofC,C++,andJAVA.Itwasalsothefirstlanguageimplementingthenested

functionandhasasimplesyntaxthanFORTRAN.Thefirstprogramminglanguagetohaveacodeblock

like“begin”thatindicatesthatyourprogramhasstartedand“end”meansyouhaveendedyourcode.

ALGOLbroughtconceptslikeBlockstructurecode(MarkedbyBEGINandEND),Scopeofvariables

(Scopeoflocalvariablesinsideblocks),BNF(BackusNaurForm),Notationfordefiningsyntax,Dynamic

Arrays,ReservedwordsandIFTHENELSE,FOR,WHILEloop

1959:COBOLItstandsforCOmmonBusiness-OrientedLanguage.In1997,80%oftheworld’sbusiness

ranonCobol.TheUSinternalrevenueservicescrambleditspathtoCOBOL-basedIMF(individualmaster

file)inordertopaythetensofmillionsofpaymentsmandatedbythecoronavirusaid,relief,and

economicsecurity.

1964:BASICBASIC(Beginner'sAll-purposeSymbolicInstructionCode).Itwasdesignedasateaching

languagein1963byJohnGeorgeKemenyandThomasEugeneKurtzofDartmouthcollege.Intendedto

makeiteasytolearnprogramming.In1991MicrosoftreleasedVisualBasic,anupdatedversionofBasic

butthefirstmicrocomputerversionofBasicwasco-writtenbyBillGates,PaulAllen,andMonte

Davidofffortheirnewly-formedcompany,Microsoft



1970:PascalPascalisnamedafteraFrenchreligiousfanaticandmathematicianBlaisePascal.Itwas

Createdin1970withtheintensionofreplacingBASICforteachinglanguage.Itwasquicklydevelopedas

ageneralpurposelanguage.

1972:C:Cisageneral-purpose,proceduralprogramminglanguageandthemostpopulartillnow.Allthe

previouscodes(likeoperatingsystemandkernel)writteninassemblylanguagegetsreplacedbytheC

language.Ccanbeusedtoimplementingoperatingsystem,embeddedsystem,andonthewebsite

usingtheCommonGatewayInterface(CGI).Cisthemotherofalmostallhigher-levelprogramming

languageslikeC#,D,Go,Java,JavaScript,Limbo,LPC,Perl,PHP,Python,andUnix’sCshell.

ProgrammingLanguageParadigm:Aprogrammingparadigmisanapproachtoprogramminga

computerbasedonacoherentsetofprinciplesormathematicaltheory.

•differentprogramminglanguagessharethesamemathematicalfoundation(e.g.,Boolean

algebra,logic);

•theyprovidesimilarfunctionality(e.g.,arithmetic,logicoperations,andtextprocessing);

•theyarebasedonthesamekindofhardwareandinstructionsets;

•theyhavecommondesigngoals:findlanguagesthatmakeitsimpleforhumanstouseand

efficientforhardwaretoexecute;

•designersofprogramminglanguagessharetheirdesignexperiences.

CategoriesofProgrammingParadigm

•Imperativeparadigm

•Functionalparadigm,

•Logicparadigm

•Object-Orientedparadigm

•Visualparadigm

•Parallel/concurrentparadigms,•Constraintbasedparadigm•Dynamicparadigms.

Therearefourmainprogrammingparadigmswhichareimperativeparadigmfunctionalparadigm,

logicalparadigmandobject-orientedparadigm.

ImperativeParadigmTheimperative,alsocalledtheproceduralprogrammingparadigmexpresses



computationbyfullyspecifiedandcontrolledmanipulationofnameddatainastepwisefashion.Typical

imperativeprogramminglanguagesincludeallassemblylanguagesandearlierhigh-levellanguageslike

Fortran,Algol,Ada,Pascal,andC

Object-OrientedParadigmTheobject-orientedprogrammingparadigmisbasicallythesameasthe

imperativeparadigm,exceptthatrelatedvariablesandoperationsonvariablesareorganizedinto

classesofobjects.Typicalobject-orientedprogramminglanguagesincludeSmalltalk,C++,Python,Java,

andC#

Functional(Application)Paradigmalsocalledtheapplicative,programmingparadigmexpresses

computationintermsofmathematicalfunctions.Sinceweexpresscomputationinmathematical

functionsinmanyofthemathematicscourses,functionalprogrammingissupposedtobeeasyto

understandandsimpletouse.However,programmersfinditdifficulttoswitchbecausetheyarealready

familiarwiththefunctionalprogramming.Themaindifferenceisthatthereisnoconceptofmemory

locationsinfunctionalprogramminglanguages.

LogicParadigmalsocalledthedeclarative,programmingparadigmexpressescomputationintermsof

logicpredicates.Alogicprogramisasetoffacts,rules,andquestions.Theexecutionprocessofalogic

programistocompareaquestiontoeachfactandruleinthegivenfactandrulebase

Structuredprogramming

(sometimesknownasmodularprogramming)isaprogrammingparadigmthatfacilitatesthecreationof

programswithreadablecodeandreusablecomponents.Allmodernprogramminglanguagessupport

structuredprogramming,butthemechanismsofsupport,likethesyntaxoftheprogramminglanguages,

varies.Structuredprogrammingencouragesdividinganapplicationprogramintoahierarchyofmodules

orautonomouselements,whichmay,inturn,containothersuchelements.Withineachelement,code

maybefurtherstructuredusingblocksofrelatedlogicdesignedtoimprovereadabilityand

maintainability.

•Block:Itisacommandorasetofcommandsthattheprogramexecuteslinearly.The

sequencehasasinglepointofentry(firstline)andexit(lastline).

•Selection:Itisthebranchingoftheflowofcontrolbasedontheoutcomeofacondition.

Twosequencesarespecified:the‘if’blockwhentheconditionistrueandthe‘else’block

whenitisfalse.The‘else’blockisoptionalandcanbeano-op.

•Iteration:Itistherepetitionofablockaslongasitmeetsaspecificcondition.The

evaluationoftheconditionhappensatthestartortheendoftheblock.Whenthecondition



resultsinfalse,theloopterminatesandmovesontothenextblock.

•Nesting:Theabovebuildingblockscanbenestedbecauseconditionsanditerations,when

encapsulated,havesingularentry-exitpointsandbehavejustlikeanyotherblock.

•Subroutines:Sinceentireprogramsnowhavesingularentry-exitpoints,encapsulating

themintosubroutinesallowsustoinvokeblocksbyoneidentifier.

Differencebetweenstructuredandunstructuredprogramminglanguages

Astructuredprogramminglanguagefacilitatesorenforcesstructuredprogrammingpractices.

Thetheoreticalbasisforstructuredprogramminggoesbacktothe1950s,withtheemergenceofthe

ALGOL58and60languages

codeclaritywasreducedbytheneedtobuildcondition/actiontestsbyhavingprogrammerswrite

linkedtestsandactionsexplicitly(usingthegotostatementoritsequivalent),resultinginwhatwas

oftencalledspaghetticode

Modularprogramming,whichistodayseenassynonymouswithstructuredprogramming,emergeda

decadelaterasitbecameclearthatreuseofcommoncodecouldimprovedeveloperproductivity.In

modularprogramming,aprogramisdividedintosemi-independentmodules,eachofwhicharecalled

whenneeded

Typesofstructuredprogramming

Proceduralprogramming.

Definesmodulesas"procedures"or"functions"thatarecalledwithasetofparameterstoperform

Atask.Aprocedurallanguagewillbeginaprocess,whichisthengivendata.Itisalsothemost

commoncategoryandhasrecentlybeensubdividedintothefollowing:

•Service-orientedprogrammingsimplydefinesreusablemodulesas"services"with

advertisedinterfaces.

•Microserviceprogrammingfocusesoncreatingmodulesthatdonotstoredatainternally,

andsoarescalableandresilientinclouddeployment.

•Functionalprogramming,technically,meansthatmodulesarewrittenfromfunctions,and



thatthesefunctions'outputsarederivedonlyfromtheirinputs.Designedforserverless

computing,thedefinitionoffunctionalprogramminghassinceexpandedtobelargely

synonymouswithmicroservices

Object-orientedprogramming(OOP).Definesaprogramasasetofobjectsorresourcestowhich

commandsaresent.Anobject-orientedlanguagewilldefineadataresourceandsendittoprocess

commands.

Model-basedprogramming.Themostcommonexampleofthisisdatabasequerylanguages.Indatabase

programming,unitsofcodeareassociatedwithstepsindatabaseaccessandupdateorrunwhenthose

stepsoccur.

Advantagesofstructuredprogramming

•Itencouragestop-downimplementation,whichimprovesbothreadabilityandmaintainabilityofcode.

•Itpromotescodereuse,sinceeveninternalmodulescanbeextractedandmadeindependent,

residentsinlibraries,describedindirectoriesandreferencedbymanyotherapplications.

•It'swidelyagreedthatdevelopmenttimeandcodequalityareimprovedthroughstructured

programming.

Disadvantagesofstructuredprogramming

Thebiggestdisadvantageofstructuredprogrammingisareductioninexecutionefficiency

greatermemoryusage.

ConceptofLanguageStructure

Thestructuresofprogramminglanguagesaregroupedintofourstructurallayerswhicharelexical,

syntactic,contextual,andsemantic

Lexicalstructuredefinesthevocabularyofalanguage.Lexicalunitsareconsideredthebuildingblocksof

programminglanguages.Thelexicalstructuresofallprogramminglanguagesaresimilarandnormally

includethefollowingkindsofunits:

Keywords:Namesreservedbythelanguagedesignerandusedtoformthesyntacticstructureofthe

language.

•Operators:Symbolsusedtorepresenttheoperations.

Separators:Symbolsusedtoseparatelexicalorsyntacticunitsofthelanguage.Space,comma,colon,

semicolon,andparenthesesareusedasseparators.



Literals:Valuesthatcanbeassignedtovariablesofdifferenttypes.

Comments:

Layoutandspacing:SomelanguagesareoffreeformatsuchasC,C++,andJava.Theyusebracesand

parenthesesfordefiningcodeblocksandseparations.

Syntacticstructure:Syntacticstructuredefinesthegrammarofformingsentencesorstatementsusing

thelexicalunits.Animperativeprogramminglanguagenormallyoffersthefollowingbasickindsof

statements:

•Assignments:Anassignmentstatementassignsaliteralvalueoranexpressiontoavariable.

•Conditionalstatements:Aconditionalstatementtestsaconditionandbranchestoacertain

statementbasedonthetestresult(trueorfalse).Typicalconditionalstatementsareif-then,

if-then-else,andswitch(case).

•Loopstatements:Aloopstatementtestsaconditionandentersthebodyofthelooporexits

theloopbasedonthetestresult(trueorfalse).Typicalloopstatementsarefor-loopand

while-loop.

Contextualstructure:(alsocalledstaticsemantics)definestheprogramsemanticsbeforedynamic

execution.Itincludesvariabledeclaration,initialization,andtypecheckingAstatementthatislexically

correctmaynotbecontextuallycorrect.

Semanticstructure:Semanticstructuredescribesthemeaningofaprogram,orwhattheprogramdoes

duringtheexecution.Thesemanticsofalanguageareoftenverycomplex.Inmostimperativelanguages,

thereisnoformaldefinitionofsemanticstructure.

Errortypesatdifferentlevels

Lexicalerrors:Errorsatthelexicallevel.Compilercandetectall.

Syntacticerrors:Errorsatthesyntacticlevel.Compilercandetectallofthem

Contextualerrors:Contextualerrorsarecomplexandcompilerimplementationsmayormaynotdetect

alloftheinitializationerrors,dependingonwhethertheyactuallycomputetheinitializationexpression

ornot.

Semanticerrors:Errorsatthesemanticlevelincludealltheerrorsinthestatementsthatwillbe



executedafterpassingcompilation.Thecompilernormallydoesnotdetectsemanticerrors.

BNFNotationBNF(Backus-NaurForm)isametalanguagethatcanbeusedtodefinethelexicaland

syntacticstructuresofanotherlanguage.

Whatislexemeandtoken.ALexemeisastringofcharactersthatisalowest-levelsyntactic

unitintheprogramminglanguagewhileaTokenisasyntacticcategorythatformsaclassof

lexemes

•Howareprogramminglanguagesformallydefined?Languagescanbeformallydescribed

intwodistinctwayswhicharebyrecognitionandbygeneration.

•InwhichformistheprogramminglanguagesyntaxcommonlydescribedGrammarsare

commonlyusedtodescribethesyntaxofprogramminglanguages.Theformsofthetokens

ofprogramminglanguagescanbedescribedbyregulargrammarswhilethesyntaxofwhole

programminglanguages,withminorexceptions,canbedescribedbycontext-freegrammars

•Whatisanambiguousgrammar?Agrammarthatgeneratesasententialformforwhichthere

aretwoormoredistinctparsetreesissaidtobeambiguous.

•ExplaintheuseofmetasymbolsinEBNFs.Thebrackets,braces,andparenthesesinthe

EBNFextensionsaremetasymbols,whichmeanstheyarenotationaltoolsandnotterminal

symbolsinthesyntacticentitiestheyhelpdescribe.Incaseswherethesemetasymbolsare

alsoterminalsymbolsinthelanguagebeingdescribed,theinstancesthatareterminal

symbolscanbeunderlinedorquoted

•Whatisthepurposeofapredicatefunction?.Predicatefunctionsstatethestaticsemantic

rulesofthelanguagewhichisusedtocheckiftheinputmeetssomecondition.

•Whatistheuseofintrinsicattributes?Intrinsicattributesaresynthesizedattributesofleaf

nodeswhosevaluesaredeterminedoutsidetheparsetree.



Thesyntaxanalyzeristheheartofacompiler,becauseseveralotherimportantcomponents,including

thesemanticanalyzerandtheintermediatecodegenerator,aredrivenbytheactionsofthesyntax

analyzer.Syntaxanalyzersarebaseddirectlyonthegrammars

LexicalAnalysis

Alexicalanalyzerisessentiallyapatternmatcher.Apatternmatcherattemptstofindasubstringofa

givenstringofcharactersthatmatchesagivencharacterpattern.Patternmatchingisatraditionalpart

ofcomputing.Oneoftheearliestusesofpatternmatchingwaswithtexteditors,suchastheedline

editor,whichwasintroducedinanearlyversionofUNIX.Alexicalanalyzerperformssyntaxanalysisat

thelowestlevelofprogramstructure

BuildingLexicalAnalyzer

•Writeaformaldescriptionofthetokenpatternsofthelanguageusingadescriptive

languagerelatedtoregularexpressions.Thesedescriptionsareusedasinputtoasoftware

toolthatautomaticallygeneratesalexicalanalyzer.Therearemanysuchtoolsavailable

forthis.Theoldestofthese,namedlex,iscommonlyincludedaspartofUNIXsystems.

•Designastatetransitiondiagramthatdescribesthetokenpatternsofthelanguageandwrite

aprogramthatimplementsthediagram.

•Designastatetransitiondiagramthatdescribesthetokenpatternsofthelanguageandhand

constructatable-drivenimplementationofthestatediagram.

TheParsingProblem

Thepartoftheprocessofanalyzingsyntaxthatisreferredtoassyntaxanalysisisoftencalledparsing.

Parsersforprogramminglanguagesconstructparsetreesforgivenprograms.Insomecases,theparse

treeisonlyimplicitlyconstructed,meaningthatperhapsonlyatraversalofthetreeisgenerated.

Theparsetree(oritstrace)isusedasthebasisfortranslation.

Parsersarecategorizedaccordingtothedirectioninwhichtheybuildparsetrees.Thetwobroadclasses

ofparsersaretop-down,inwhichthetreeisbuiltfromtherootdownwardtotheleaves,andbottom-up,

inwhichtheparsetreeisbuiltfromtheleavesupwardtotheroot



setofnotationalconventionsforgrammarsymbolsandstrings

•Terminalsymbols—lowercaselettersatthebeginningofthealphabet(a,b,...)

•Nonterminalsymbols—uppercaselettersatthebeginningofthealphabet(A,B,...)

•Terminalsornonterminals—uppercaselettersattheendofthealphabet(W,X,Y,Z)

•Stringsofterminals—lowercaselettersattheendofthealphabet(w,x,y,z)

•Mixedstrings(terminalsand/ornonterminals)—lowercaseGreekletters(a,b,d,g)

Top-DownParsers

Atop-downparsertracesorbuildsaparsetreeinpreorder.Apreordertraversalofaparsetree

beginswiththeroot.Eachnodeisvisitedbeforeitsbranchesarefollowed.Branchesfroma

particularnodearefollowedinleft-to-rightorder.Thiscorrespondstoaleftmostderivation.

Bottom-UpParsers

Abottom-upparserconstructsaparsetreebybeginningattheleavesandprogressingtowardthe

root.Thisparseordercorrespondstothereverseofarightmostderivation.Thatis,thesentential

formsofthederivationareproducedinorderoflasttofirst.

TheRecursive-DescentParsingProcess

Arecursive-descentparserissonamedbecauseitconsistsofacollectionofsubprograms,many

ofwhicharerecursive,anditproducesaparsetreeintop-downorder.Thisrecursionisareflection

ofthenatureofprogramminglanguages,whichincludeseveraldifferentkindsofnestedstructures.

Shift-ReduceAlgorithms

Bottom-upparsersareoftencalledshift-reducealgorithms,becauseshiftandreducearethetwo

mostcommonactionstheyspecify.Anintegralpartofeverybottom-upparserisastack.Aswith

otherparsers,theinputtoabottom-upparseristhestreamoftokensofaprogramandtheoutput



isasequenceofgrammarrules.UsesPDA(PushDownAutomation)

LRParsers

Manydifferentbottom-upparsingalgorithmshavebeendevised.Mostofthemarevariationsofa

processcalledLR.(1)Theyrequirefarlesscomputerresourcestoproducetherequiredparsingtable

thanthecanonicalLRalgorithm,and(2)theyworkonsmallerclassesofgrammarsthanthecanonicalLR

algorithm.

TherearethreeadvantagestoLRparsers:

•Theycanbebuiltforallprogramminglanguages.

•Theycandetectsyntaxerrorsassoonasitispossibleinaleft-to-rightscan.

•TheLRclassofgrammarsisapropersupersetoftheclassparsablebyLLparsers

Interpretation

aninterpreterisaprogramthat

repeatedlyexecutesthefollowingsequence.

•Getthenextstatement;

•Determinetheactionstobeexecuted;

•Performtheactions

Translation

programswritteninahigh-levellanguagearetranslatedintoanequivalentmachine-languageversion

beforebeingexecuted.Thistranslationisoftenperformedinseveralsteps

StructuringData

Adatastructureisawayoforganizing



information,sothatitiseasiertouse.Insteadofjustthesimplesequencesofbitsinthephysical

machine,ahighlevellanguageprovidescomplexstructureddatawhicheasilylendsitselfto

describethestructureoftheproblemsthataretobesolved.

Numerictypes

•Theintegerdatatypes,or"wholenumbers".Maybesubtypedaccordingtotheirabilityto

containnegativevalues(e.g.unsignedinCandC++).Mayalsohaveasmallnumberof

predefinedsubtypes(suchasshortandlonginC/C++);orallowuserstofreelydefine

subrangessuchas1..12(e.g.Pascal/Ada).

•Floatingpointdatatypes,sometimesmisleadinglycalledreals,containfractionalvalues.They

usuallyhavepredefinedlimitsonboththeirmaximumvaluesandtheirprecision.Theseare

oftenrepresentedasdecimalnumbers.

•Fixedpointdatatypesareconvenientforrepresentingmonetaryvalues.Theyareoften

implementedinternallyasintegers,leadingtopredefinedlimits.

•Bignumorarbitraryprecisionnumerictypeslackpredefinedlimits.Theyarenotprimitive

types,andareusedsparinglyforefficiencyreasons.

Composite/Deriveddatatypes

•Anarraystoresanumberofelementsofthesametypeinaspecificorder.Theyareaccessed

usinganintegertospecifywhichelementisrequired(althoughtheelementsmaybeof

almostanytype).Arraysmaybefixedlengthorexpandable.

•Record(alsocalledtupleorstruct)Recordsareamongthesimplestdatastructures.A

recordisavaluethatcontainsothervalues,typicallyinfixednumberandsequenceand

typicallyindexedbynames.Theelementsofrecordsareusuallycalledfieldsormembers.

•Union.Auniontypedefinitionwillspecifywhichofanumberofpermittedprimitivetypes



maybestoredinitsinstances,e.g."floatorlonginteger".Contrastwitharecord,which

couldbedefinedtocontainafloatandaninteger;whereas,inaunion,thereisonlyone

valueatatime.

•Ataggedunion(alsocalledavariant,variantrecord,discriminatedunion,ordisjointunion)

containsanadditionalfieldindicatingitscurrenttype,forenhancedtypesafety.

•Asetisanabstractdatastructurethatcanstorecertainvalues,withoutanyparticularorder,

andnorepeatedvalues.Valuesthemselvesarenotretrievedfromsets,ratheronetestsa

valueformembershiptoobtainaboolean"in"or"notin".

•Anobjectcontainsanumberofdatafields,likearecord,andalsoanumberofprogram

codefragmentsforaccessingormodifyingthem.Datastructuresnotcontainingcode,like

thoseabove,arecalledplainolddatastructure.

EnumeratedType:Thishasvalueswhicharedifferentfromeachother,andwhichcanbecomparedand

assigned,butwhichdonotnecessarilyhaveanyparticularconcreterepresentationinthecomputer's

memory;compilersandinterpreterscanrepresentthemarbitrarily.Forexample,thefoursuitsina

deckofplayingcardsmaybefourenumeratorsnamedCLUB,DIAMOND,HEART,SPADE,belongingtoan

enumeratedtypenamedsuit.

Stringandtexttypes

•Alphanumericcharacter.Aletterofthealphabet,digit,blankspace,punctuationmark,etc.

•Alphanumericstrings,asequenceofcharacters.Theyaretypicallyusedtorepresentwordsandtext.

Characterandstring

CharacterandstringtypescanstoresequencesofcharactersfromacharactersetsuchasASCII.

Sincemostcharactersetsincludethedigits,itispossibletohaveanumericstring,suchas"1234"

Abstractdatatypes

Anytypethatdoesnotspecifyanimplementationisanabstractdatatype.



anabstractdatatype(ADT)isamathematicalmodelforacertainclassofdatastructuresthathave

similarbehavior;orforcertaindatatypesofoneormoreprogramminglanguagesthathavesimilar

semantics.Anabstractdatatypeisdefinedindirectly,onlybytheoperationsthatmaybeperformedon

itandbymathematicalconstraintsontheeffects(andpossiblycost)ofthoseoperations.

anabstractstackcouldbedefinedbythree

operations:

•push,thatinsertssomedataitemontothestructure,

•pop,thatextractsanitemfromit(withtheconstraintthateachpopalwaysreturnsthemost

recentlypusheditemthathasnotbeenpoppedyet),and

•peek,thatallowsdataontopofthestructuretobeexaminedwithoutremoval.

DataStructureAdatastructureisacollectionofdatatype‘values’whicharestoredandorganizedin

suchawaythatitallowsforefficientaccessandmodification

Datastructures

canbegroupedintofourforms:

•Linear:arrays,lists

•Tree:binary,heaps,spacepartitioningetc.

•Hash:distributedhashtable,hashtreeetc.

•Graphs:decision,directed,acyclicetc

Array:Anarrayisafinitegroupofdata,whichisallocatedcontiguous(i.e.sharingacommonborder)

memorylocations,andeachelementwithinthearrayisaccessedviaanindexkey(typicallynumerical,

andzerobased).Thenameassignedtoanarrayistypicallyapointertothefirstiteminthearray.

LinkedList

Alinkedlistisdifferenttoanarrayinthattheorderoftheelementswithinthelistarenot



determinedbyacontiguousmemoryallocation.Insteadtheelementsofthelinkedlistcanbe

sporadicallyplacedinmemoryduetoitsdesign,whichisthateachelementofthelist(alsoreferred

toasa‘node’)consistsoftwoparts:

•thedata

•apointer

TreeTheconceptofa‘tree’initssimplesttermsistorepresentahierarchicaltreestructure,witharoot

valueandsubtreesofchildren(withaparentnode),representedasasetoflinkednodes

Atreecontains“nodes”(anodehasavalueassociatedwithit)andeachnodeisconnectedbyaline

calledan“edge”

Thetoplevelnodeisknownasthe“root”andanodewithnochildrenisa“leaf”.Ifanodeisconnected

toothernodes,thentheproceedingnodeisreferredtoasthe“parent”,andnodesfollowingitare

“child”nodes.

BinaryTree

Abinarytreeisa‘rootedtree’andconsistsofnodeswhichhave,atmost,twochildren.Thisisas

thenamesuggests(i.e.‘binary’:0or1),sotwopotentialvalues/directions.

Therethreewaysoftraversingbinarytreewhicharepreordertraversal,inordertraversalandpostorder

traversal

PreorderTraversal(Root,leftnode,rightnode)

InorderTraversal(Leftnode,root,rightnode)

PostorderTraversal(Leftnode,rightnode,Root)

B-tree

AB-treeisasortedtreethatisverysimilarinessencetoared-blacktreeinthatitisself-balancing

andassuchcanguaranteelogarithmictimeforsearch/insert/deleteoperations.AB-treeisuseful

forlargeread/writesofdataandiscommonlyusedinthedesignofdatabasesandfilesystems,but

it’simportanttonotethataB-treeisnotabinarysearchtreebecauseitallowsmorethantwochild

nodes.



Weight-balancedTree

Aweight-balancedtreeisaformofbinarysearchtreeandissimilarinspirittoaweightedgraph,

inthatindividualnodesare‘weighted’toindicatethemorelikelysuccessfulroutewithregardsto

searchingforaparticularvalue.

BinaryHeap

Abinaryheaptreeisabinarytree,notabinarysearchtree,andsoit’snotasortedtree

•heapproperty:thenodevalueiseithergreater(orlesserdependingonthedirectionoftheheap)or

equaltothevalueofitsparent.

•shapeproperty:ifthelastlevelofthetreeisincomplete,themissingnodesarefilled.

HashTable

Ahashtableisadatastructurewhichiscapableofmaping‘keys’to‘values’,andyou’lltypically

findthisisabstractedandenhancedwithadditionalbehavioursbymanyhigh-levelprogramming

languagessuchthattheybehavelikean‘associativearray’abstractdatatype.InPythonit’scalled

a‘dictionary’

twosolutionsforavoidinghasvhingcollisions

•SeparateChaining

•LinearProbing

Stack

Astackisabasicdatastructurethatcanbelogicallythoughtaslinearstructurerepresentedbya

realphysicalstackorpile,astructurewhereinsertionanddeletionofitemstakesplaceatoneend

calledtopofthestack.

Therearebasicallythreeoperationsthatcanbe

performedonstacks.Theyare:



•inserting(―pushingǁ)anitemintoastack

•deleting(―poppingǁ)anitemfromthestack

•displayingthecontentsofthetopitemofthestack(―peekingǁ)

Queue

Aqueueisanabstractdatatypeoralineardatastructure,inwhichthefirstelementisinserted

fromoneend(the―tailǁ),andthedeletionofexistingelementtakesplacefromtheotherend

(the―head‖).Aqueueisa―FirstInFirstOutǁstructure.Theprocessofaddinganelementtoa

queueiscalled―enqueuingǁandtheprocessofremovinganelementfromaqueueiscalled

―dequeuingǁ.

InfixNotation

Inthisnotation,abinaryoperationsymbolisplacedbetweentheexpressionsrepresentingitstwo

Operands.Infixnotationistheonemostcommonlyusedinmathematics,and,asaconsequenceisthe

oneusedbymostprogramminglanguages

PrefixNotation

Prefixnotationisanothertypeofnotation.ItisalsocalledprefixPolishnotation.1Thesymbolwhich

representstheoperationprecedesthesymbolsrepresentingtheoperands(writtenfromlefttoright,in

thesamewayastext).

Sideeffects:Asideeffectisanactionthatinfluencestheresult(partialorfinal)ofacomputation

withoutotherwiseexplicitlyreturningavalueinthecontextinwhichitisfound.

Finitearithmetic:


