
Searchingtechniques

1.Binarysearch

Binarysearchalgorithm fallsunderthecategoryofintervalsearchalgorithms.Thisalgorithm is

muchmoreefficientcomparedtolinearsearchalgorithm.Binarysearchonlyworksonsorteddatastructures.Thisalgorithm

repeatedlytargetthecenterofthesorteddatastructure&dividethesearchspaceintohalftillthematchisfound.

Thetimecomplexityofbinarysearchalgorithm isO(Logn).

Working–

1.Searchthesortedarraybyrepeatedlydividingthesearchintervalinhalf

2.Beginwithanintervalcoveringthewholearray.

3.Ifthevalueofthesearchkeyislessthantheitem inthemiddleoftheinterval,narrowtheintervaltothelowerhalf.

4.Otherwisenarrowittotheupperhalf.

5.Repeatedlycheckuntilthevalueisfoundortheintervalisempty.

Program-

#include<iostream >

#include<conio.h>

intbinarySearch(intarr[],intleft,intright,intx){

while(left<=right){

intmid=left+(right-left)/2;

if(arr[mid]==x){

returnmid;

}elseif(arr[mid]<x){

left=mid+1;

}else{

right=mid-1;

}

}

return-1;

}

intmain(){

intmyarr[10];

intnum;

intoutput;



cout<<"Pleaseenter10elementsASCENDINGorder"<<endl;

for(inti=0;i<10;i++){

cin>>myarr[i];

}

cout<<"Pleaseenteranelementtosearch"<<endl;

cin>>num;

output=binarySearch(myarr,0,9,num);

if(output==-1){

cout<<"NoMatchFound"<<endl;

}else{

cout<<"Matchfoundatposition:"<<output<<endl;

}

getch();

2.Linearsearch-

Inlinearsearchalgorithm orsequentialsearchisamethodforfindinganelementwithinalist.Itsequentiallycheckseachelement

ofthelistuntilamatchisfoundorthewholelisthasbeensearched.

Asyoucanseeinthediagram ,wehaveanintegerarraydatastructurewithsomevalues.Wewantto

searchforthevalue(98)whichisat5thpositioninthisarray.Sinceweareperformingthelinear

searchalgorithm westartfrom thebeginningofthearrayandcheckformatchingvaluestillwefinda

match.

Program-

#include<iostream >

#include<conio.h>

voidlinearSearch(inta[],intn){

inttemp=-1;

for(inti=0;i<5;i++){

if(a[i]==n){

cout<<"Elementfoundatposition:"<<i+1<<endl;

temp=0;

break;

}

}



if(temp==-1){

cout<<"NoElementFound"<<endl;

}

}

intmain(){

intarr[5];

cout<<"Pleaseenter5elementsoftheArray"<<endl;

for(inti=0;i<5;i++){

cin>>arr[i];

}

cout<<"Pleaseenteranelementtosearch"<<endl;

intnum;

cin>>num;

linearSearch(arr,num);

getch();

}

Stack

Stackisafundamentaldatastructurewhichisusedtostoreelementsinalinearfashion.

StackfollowsLIFO(lastin,firstout)orderorapproachinwhichtheoperationsareperformed.Thismeansthattheelementwhich

wasaddedlasttothestackwillbethefirstelementtoberemovedfrom thestack.

GivenbelowisapictorialrepresentationofStack

BasicfeaturesofStack

1.Stackisanorderedlistofsimilardatatype.

2.StackisaLIFO(LastinFirstout)structureorwecansayFILO(FirstinLastout).

3.push()functionisusedtoinsertnewelementsintotheStackandpop()functionisusedtoremoveanelementfrom thestack.

BothinsertionandremovalareallowedatonlyoneendofStackcalledTop.

4.StackissaidtobeinOverflowstatewhenitiscompletelyfullandissaidtobeinUnderflowstateifitiscompletelyempty.

BasicOperations

Followingarethebasicoperationsthataresupportedbythestack.

push–Addsorpushesanelementintothestack.

pop–Removesorpopsanelementoutofthestack.



peek–Getsthetopelementofthestackbutdoesn’tremoveit.

isFull–Testsifthestackisfull.

isEmpty–Testsifthestackisempty.

Illustration-

Program-

#include<iostream>

#include<conio.h>

classStack

{

inttop;

public:

inta[10];//Maximum sizeofStack

Stack()

{

top=-1;

}

//declaringallthefunction

voidpush(intx);

intpop();

voidisEmpty();

};

//functiontoinsertdataintostack

voidStack::push(intx)

{

if(top>=10)

{

cout<<"StackOverflow\n";

}

else

{



a[++top]=x;

cout<<"ElementInserted\n";

}

}

//functiontoremovedatafrom thetopofthestack

intStack::pop()

{

if(top<0)

{

cout<<"StackUnderflow\n";

return0;

}

else

{

intd=a[top--];

returnd;

}

}

//functiontocheckifstackisempty

voidStack::isEmpty()

{

if(top<0)

{

cout<<"Stackisempty\n";

}

else

{

cout<<"Stackisnotempty\n";

}

}

//mainfunction



intmain()

{

Stacks1;

s1.push(10);

s1.push(100);

}

Implementationusingarray-

Aprogram thatimplementsastackusingarrayisgivenasfollows.

Example

#include<iostream>

#include<conio.h>

intstack[100],n=100,top=-1;

voidpush(intval){

if(top>=n-1)

cout<<"StackOverflow"<<endl;

else{

top++;

stack[top]=val;

}

}

voidpop(){

if(top<=-1)

cout<<"StackUnderflow"<<endl;

else{

cout<<"Thepoppedelementis"<<stack[top]<<endl;

top--;

}

}

voiddisplay(){

if(top>=0){

cout<<"Stackelementsare:";



for(inti=top;i>=0;i--)

cout<<stack[i]<<"";

cout<<endl;

}else

cout<<"Stackisempty";

}

intmain(){

intch,val;

cout<<"1)Pushinstack"<<endl;

cout<<"2)Popfrom stack"<<endl;

cout<<"3)Displaystack"<<endl;

cout<<"4)Exit"<<endl;

do{

cout<<"Enterchoice:"<<endl;

cin>>ch;

switch(ch){

case1:{

cout<<"Entervaluetobepushed:"<<endl;

cin>>val;

push(val);

break;

}

case2:{

pop();

break;

}

case3:{

display();

break;

}

case4:{



cout<<"Exit"<<endl;

break;

}

default:{

cout<<"InvalidChoice"<<endl;

}

}

}while(ch!=4);

return0;

}

Output

1)Pushinstack

2)Popfrom stack

3)Displaystack

4)Exit

Enterchoice:1

Entervaluetobepushed:2

Enterchoice:1

Entervaluetobepushed:6

Enterchoice:1

Entervaluetobepushed:8

Enterchoice:1

Entervaluetobepushed:7

Enterchoice:2

Thepoppedelementis7

Enterchoice:3

Stackelementsare:862

Enterchoice:5

InvalidChoice

Enterchoice:4



Exit

Applicationofstack

TheStackisLastInFirstOut(LIFO)datastructure.Thisdatastructurehassomeimportantapplicationsindifferentaspect.These

arelikebelow−

1.ExpressionHandling−

InfixtoPostfixorInfixtoPrefixConversion−

Thestackcanbeusedtoconvertsomeinfixexpressionintoitspostfixequivalent,orprefixequivalent.Thesepostfixorprefix

notationsareusedincomputerstoexpresssomeexpressions.Theseexpressionsarenotsomuchfamiliartotheinfixexpression,

buttheyhavesomegreatadvantagesalso.Wedonotneedtomaintainoperatorordering,andparenthesis.

PostfixorPrefixEvaluation−

Afterconvertingintoprefixorpostfixnotations,wehavetoevaluatetheexpressiontogettheresult.Forthatpurpose,alsoweneed

thehelpofstackdatastructure.

2.BacktrackingProcedure−

Backtrackingisoneofthealgorithm designingtechnique.Forthatpurpose,wediveintosomeway,ifthatwayisnotefficient,we

comebacktothepreviousstateandgointosomeotherpaths.Togetbackfrom currentstate,weneedtostorethepreviousstate.

Forthatpurpose,weneedstack.SomeexamplesofbacktrackingisfindingthesolutionforKnightTourproblem orN-Queen

Problem etc.

3.Anothergreatuseofstackisduringthefunctioncallandreturnprocess.Whenwecallafunctionfrom oneotherfunction,that

functioncallstatementmaynotbethefirststatement.Aftercallingthefunction,wealsohavetocomebackfrom thefunctionarea

totheplace,wherewehaveleftourcontrol.Sowewanttoresumeourtask,notrestart.Forthatreason,westoretheaddressofthe

program counterintothestack,thengotothefunctionbodytoexecuteit.Aftercompletionoftheexecution,itpopsouttheaddress

from stackandassignitintotheprogram countertoresumethetaskagain.

Recursion

1."Recursion"istechniqueofsolvinganyproblem bycallingsamefunctionagainandagainuntilsomebreaking(base)condition

whererecursionstopsanditstartscalculatingthesolutionfrom thereon.Foreg.calculatingfactorialofagivennumber

2.Thusinrecursionlastfunctioncalledneedstobecompletedfirst.

3.NowStackisaLIFOdatastructurei.e.(LastInFirstOut)andhenceitisusedtoimplementrecursion.

4.TheHighlevelProgramminglanguages,suchasPascal,Cetc.thatprovidessupportforrecursionusestackforbookkeeping.

5.Ineachrecursivecall,thereisneedtosavethe

a.currentvaluesofparameters,

b.localvariablesand

c.thereturnaddress(theaddresswherethecontrolhastoreturnfrom thecall).

6.Also,asafunctioncallstoanotherfunction,firstitsarguments,thenthereturnaddressandfinallyspaceforlocalvariablesis

pushedontothestack.

7.Recursionisextremelyusefulandextensivelyusedbecausemanyproblemsareelegantlyspecifiedorsolvedinarecursiveway.



MathematicalExpression

EvaluateanexpressionrepresentedbyaString.Expressioncancontainparentheses,youcanassumeparenthesesarewell-

matched.Forsimplicity,youcanassumeonlybinaryoperationsallowedare+,-,*,and/.ArithmeticExpressionscanbewrittenin

oneofthreeforms:

1.InfixNotation:Operatorsarewrittenbetweentheoperandstheyoperateon,e.g.3+4.

2.PrefixNotation:Operatorsarewrittenbeforetheoperands,e.g+34

3.PostfixNotation:Operatorsarewrittenafteroperands.

InfixExpressionsareharderforComputerstoevaluatebecauseoftheaddionalworkneededtodecideprecedence.Infixnotationis

howexpressionsarewrittenandrecognizedbyhumansand,generally,inputtoprograms.Giventhattheyarehardertoevaluate,

theyaregenerallyconvertedtooneofthetworemainingforms

ConversionofInfixToPostfixExpressionUsingStack

ToconvertInfixtoPostfix,ThevariablesarepasseddirectlytoPostfixandoperandsarepassedtoStack.If)isencounterd,Stackis

poppedandelementispassedtoPostixExpression

Code:

#include<iostream>

#include<stack>

using namespacestd;

void Postfix(char*a)

{ stack <char>s;

char output[50],t;

for(int i=0;a[i]!='\0';i++)

{char ch=a[i];

switch(ch)

{

case '̂':

case'-':

case'+':

case'/':

case'*':s.push(ch);

break;

case')':t=s.top();

s.pop();



cout<<t;

break;

}

if(isalpha(ch))

cout<<ch;

}

}

intmain()

{

chara[]="(((a*b)+(c/d))-e)";

Postfix(a);

return0;

}

Output:

ab*cd/+e-

ConversionofInfixToPrefixExpressionUsingStack

Tosolveexpressionsbythecomputer,wecaneitherconvertitinpostfixform ortotheprefixform.Herewewillseehowinfix

expressionsareconvertedtoprefixform.

Atfirstinfixexpressionisreversed.Notethatforreversingtheopeningandclosingparenthesiswillalsobereversed.

foranexample:Theexpression:A+B*(C-D)

afterreversingtheexpressionwillbe:)D–C(*B+A

soweneedtoconvertopeningparenthesistoclosingparenthesisandviceversa.

Afterreversing,theexpressionisconvertedtopostfixform byusinginfixtopostfixalgorithm.Afterthatagainthepostfix

expressionisreversedtogettheprefixexpression.

#include<iostream>

#include<string>

usingnamespacestd;

classstack

{

stringitem;

inttop;

public:



stack()

{

top=-1;

}

voidpush(charch)

{

top++;

item[top]=ch;

}

charpop()

{

charele;

if(isempty())

{

printf("\nstackoverflow!!");

return'@';

}

ele=item[top];

top--;

returnele;

}

charpeep()

{

return(item[top]);

}

intisempty()

{

if(top==-1)

return1;

return0;

}



intpriority(charch)

{

if(ch==')')

return1;

elseif(ch=='+'||ch=='-')

return2;

elseif(ch=='*'||ch=='/')

return3;

else

return4;

}

};

intmain()

{

stringinfix,prefix;

charch,ch2,token,temp;

inti,j=0,len;

stackst;

cout<<"Entervalidinfixexpression:";

cin>>infix;

len=infix.size();

for(i=len-1;i>=0;i--)

{

token=infix[i];

if(token==')')

st.push(token);

elseif(token=='(')

{

ch=st.pop();

while(ch!=')')

{



prefix.push_back(ch);

ch=st.pop();

}

}

elseif(token=='+'||token=='-'||token=='*'||token=='/'||token=='̂')

{

ch2=st.peep();

while(!st.isempty()&&st.priority(token)<st.priority(ch2))

{

ch=st.pop();

prefix.push_back(ch);

ch2=st.peep();

}

st.push(token);

}

else

st.push(token);

}

while(!st.isempty())

{

ch=st.pop();

prefix.push_back(ch);

}

cout<<"\nTheCorrespondingPrefixExpression:";

for(j=prefix.size()-1;j>=0;j--)

{

cout<<prefix[j];

}

return0;

}

OUTPUT:



Entervalidinfixexpression:(a+(b*c)/(d-e))

ThecorrespondingPrefixExpression:+a/*bc-de

Queue

AQueueisalinearstructurewhichfollowsaparticularorderinwhichtheoperationsareperformed.TheorderisFirstInFirstOut

(FIFO).Agoodexampleofaqueueisanyqueueofconsumersforaresourcewheretheconsumerthatcamefirstisservedfirst.

Thedifferencebetweenstacksandqueuesisinremoving.Inastackweremovetheitem themostrecentlyadded;inaqueue,we

removetheitem theleastrecentlyadded.

Queueoperationsmayinvolveinitializingordefiningthequeue,utilizingit,andthencompletelyerasingitfrom thememory.

operations

enqueue()−add(store)anitem tothequeue.

dequeue()−remove(access)anitem from thequeue.

Fewmorefunctionsarerequiredtomaketheabove-mentionedqueueoperationefficient.Theseare−

peek()−Getstheelementatthefrontofthequeuewithoutremovingit.

isfull()−Checksifthequeueisfull.

isempty()−Checksifthequeueisempty.

TypesofQueuesinDataStructure

Queueisanimportantstructureforstoringandretrievingdataandhenceisusedextensivelyamong

allthedatastructures.Queue,justlikeanyqueue(queuesforbusorticketsetc.)followsaFIFO

mechanism fordataretrievalwhichmeansthedatawhichgetsintothequeuefirstwillbethefirstonetobetakenoutfrom it,the

secondonewouldbethesecondtoberetrievedandsoon.

TherearethreetypesofQueuesinDataStructure

SimpleQueue/linearqueue

Asisclearfrom thenameitself,simplequeueletsusperform theoperationssimply.i.e.,theinsertionanddeletionsareperformed

likewise.Insertionoccursattherear(end)ofthequeueanddeletionsareperformedatthefront(beginning)ofthequeuelist.

Allnodesareconnectedtoeachotherinasequentialmanner.Thepointerofthefirstnodepointstothevalueofthesecondandso

on.

CircularQueue

Unlikethesimplequeues,inacircularqueueeachnodeisconnectedtothenextnodeinsequencebutthelastnode’spointerisalso

connectedtothefirstnode’saddress.Hence,thelastnodeandthefirstnodealsogetsconnectedmakingacircularlinkoverall.

PriorityQueue



Priorityqueuemakesdataretrievalpossibleonlythroughapredeterminedprioritynumberassignedtothedataitems.

Whilethedeletionisperformedinaccordancetoprioritynumber(thedataitem withhighestpriorityisremovedfirst),insertionis

performedonlyintheorder.

DoublyEndedQueue(Dequeue)

Thedoublyendedqueueordequeueallowstheinsertanddeleteoperationsfrom bothends(frontand

rear)ofthequeue.

Queuesareanimportantconceptofthedatastructuresandunderstandingtheirtypesisvery

necessaryforworkingappropriatelywiththem.

Implementationoflinearqueueusingarray

Queueisanon-primitivelineardatastructureinwhichinsertionanddeletiontakesplacefrom differentends,RearandFront

respectively.ItisalsoknownasFIFO(FirstInFirstOut)DataStructure.

Program Code:

#include<iostream>

usingnamespacestd;

constintMax=10;

voidQinsert(intQ[],int&R,intF)

{

if((R+1)%Max!=F)

{

R=(R+1)%Max;

cout<<"Data:";

cin>>Q[R];

}

else

cout<<"QueueisFull!"<<endl;

}

voidQdelete(intQ[],intR,int&F)

{

if(R!=F)

{

F=(F+1)%Max;



cout<<Q[F]<<"Deleted!";

}

else

cout<<"Queueisempty"<<endl;

}

voidQdisplay(intQ[],intR,intF)

{

intCn=F;

while(Cn!=R)

{

Cn=(Cn+1)%Max;

cout<<Q[Cn]<<endl;

}

}

intmain()

{//InitialisationSteps

intQue[Max],Rear=0,Front=0;

charCh;

do

{

cout<<"\nI:Insert/D:Delete/S:Show/Q:Quit";

cin>>Ch;

switch(Ch)

{

case'I':Qinsert(Que,Rear,Front);

break;

case'D':Qdelete(Que,Rear,Front);

break;

case'S':Qdisplay(Que,Rear,Front);

break;

}



}while(Ch!='Q');

return0;

}

Implementationofcircularqueueusingarray

Acircularqueueisatypeofqueueinwhichthelastpositionisconnectedtothefirstpositiontomakeacircle.

Aprogram toimplementcircularqueueinC++isgivenasfollows−

Example

#include<iostream>

intcqueue[5];

intfront=-1,rear=-1,n=5;

voidinsertCQ(intval){

if((front==0&&rear==n-1)||(front==rear+1)){

cout<<"QueueOverflow\n";

return;

}

if(front==-1){

front=0;

rear=0;

}else{

if(rear==n-1)

rear=0;

else

rear=rear+1;

}

cqueue[rear]=val;

}

voiddeleteCQ(){

if(front==-1){

cout<<"QueueUnderflow\n";

return;

}



cout<<"Elementdeletedfrom queueis:"<<cqueue[front]<<endl;

if(front==rear){

front=-1;

rear=-1;

}else{

if(front==n-1)

front=0;

else

front=front+1;

}

}

voiddisplayCQ(){

intf=front,r=rear;

if(front==-1){

cout<<"Queueisempty"<<endl;

return;

}

cout<<"Queueelementsare:\n";

if(f<=r){

while(f<=r){

cout<<cqueue[f]<<"";

f++;

}

}else{

while(f<=n-1){

cout<<cqueue[f]<<"";

f++;

}

f=0;

while(f<=r){

cout<<cqueue[f]<<"";



f++;

}

}

cout<<endl;

}

intmain(){

intch,val;

cout<<"1)Insert\n";

cout<<"2)Delete\n";

cout<<"3)Display\n";

cout<<"4)Exit\n";

do{

cout<<"Enterchoice:"<<endl;

cin>>ch;

switch(ch){

case1:

cout<<"Inputforinsertion:"<<endl;

cin>>val;

insertCQ(val);

break;

case2:

deleteCQ();

break;

case3:

displayCQ();

break;

case4:

cout<<"Exit\n";

break;

default:cout<<"Incorrect!\n";

}



}while(ch!=4);

return0;

}

Theoutputoftheaboveprogram isasfollows−

1)Insert

2)Delete

3)Display

4)Exit

Enterchoice:1

Inputforinsertion:

Enterchoice:1

Inputforinsertion:

Enterchoice:1

Inputforinsertion:

Enterchoice:1

Inputforinsertion:

Enterchoice:1

Inputforinsertion:

Enterchoice:2

Elementdeletedfrom queueis:5

Enterchoice:2

Elementdeletedfrom queueis:3

Enterchoice:2

Elementdeletedfrom queueis:2

Enterchoice:1

Inputforinsertion:6

Enterchoice:3

Queueelementsare:796

Enterchoice:4

Exit

Applicationofqueue



Queue,asthenamesuggestsisusedwheneverweneedtomanageanygroupofobjectsinanorderinwhichthefirstonecomingin,

alsogetsoutfirstwhiletheotherswaitfortheirturn,likeinthefollowingscenarios:

1.Servingrequestsonasinglesharedresource,likeaprinter,CPUtaskschedulingetc.

2.Inreallifescenario,CallCenterphonesystemsusesQueuestoholdpeoplecallingthem inanorder,untilaservicerepresentative

isfree.

3.Handlingofinterruptsinreal-timesystems.Theinterruptsarehandledinthesameorderastheyarrivei.eFirstcomefirstserved.


