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AVLtreeisaself-balancedbinarysearchtree.Thatmeans,anAVLtreeisabinarysearchtreebutitisa

balancedtree.Abinarytreeissaidtobebalanced,ifthedifferencebetweentheheightsofleftandright

subtreesofeverynodeinthetreeiseither-1,0or+1.Inotherwords,abinarytreeissaidtobe

balancedifforeverynode,heightofitschildrendifferbyatmostone.InanAVLtree,everynode

maintainsanextrainformationknownasbalancefactortotakecareoftheself-balancingnatureofthe

tree.

AnAVLtreeisdefinedasfollows…

AnAVLtreeisabalancedbinarysearchtree.InanAVLtree,balancefactorofeverynodeiseither-1,0

or+1

Balancefactor=heightOfLeftSubtree—heightOfRightSubtree(OR)heightOfRightSubtree—height

OfLeftSubtree

AnAVLtreeisgiveninthefollowingfigure.Wecanseethat,balancefactorassociatedwitheachnodeis

inbetweentherangeof-1to+1.

EveryAVLTreeisabinarysearchtreebutalltheBinarySearchTreesneednottobeAVLtrees.

WhyAVLTree?

AVLtreecontrolstheheightofthebinarysearchtreebynotlettingittobeskewed.Thetimetakenfor

alloperationsinabinarysearchtreeofheighthisO(h).However,itcanbeextendedtoO(n)iftheBST

becomesskewed(i.e.worstcase).Bylimitingthisheighttologn,AVLtreeimposesanupperboundon

eachoperationtobeO(logn)wherenisthenumberofnodes.

AVLTreeRotations?

InAVLtree,afterperformingeveryoperationlikeinsertionanddeletionweneedtocheckthebalance

factorofeverynodeinthetree.Ifeverynodesatisfiesthebalancefactorconditionthenweconclude

theoperationotherwisewemustmakeitbalanced.Weuserotationoperationstomakethetree

balancedwheneverthetreeisbecomingimbalancedduetoanyoperation.

Rotationistheprocessofmovingthenodestoeitherleftorrighttomaketreebalancedintermsofits

height.

Tobalanceitself,anAVLtreemayperformthefollowingfourkindsofrotations−

1>Leftrotation(Single)

2>Rightrotation(Single)



3>Left-Rightrotation(Double)

4>Right-Leftrotation(Double)

1>LeftRotation(SingleLL)

InLLRotationeverynodemovesonepositiontoleftfromthecurrentposition.TounderstandLL

Rotation,letusconsiderfollowinginsertionoperationsintoanAVLTree…

2>RightRotation(SingleRR)

InRRRotationeverynodemovesonepositiontorightfromthecurrentposition.TounderstandRR

Rotation,letusconsiderfollowinginsertionoperationsintoanAVLTree…

3>LeftRightRotation(Double—LRRotation)

TheLRRotationiscombinationofsingleleftrotationfollowedbysinglerightrotation.InLRRotation,

firsteverynodemovesonepositiontoleftthenonepositiontorightfromthecurrentposition.To

understandLRRotation,letusconsiderfollowinginsertionoperationsintoanAVLTree…

4>RightLeftRotation(Double—RLRotation)

TheRLRotationiscombinationofsinglerightrotationfollowedbysingleleftrotation.InRLRotation,

firsteverynodemovesonepositiontorightthenonepositiontoleftfromthecurrentposition.To

understandRLRotation,letusconsiderfollowinginsertionoperationsintoanAVLTree…

OperationsonAVLtree

Duetothefactthat,AVLtreeisalsoabinarysearchtreetherefore,alltheoperationsareperformedin

thesamewayastheyareperformedinabinarysearchtree.Searchingandtraversingdonotleadtothe

violationinpropertyofAVLtree.However,insertionanddeletionaretheoperationswhichcanviolate

thisproperty.

1.Searching

SearchinginanAVLTreeisdoneasinanybinarysearchtree.TheSpecialthingaboutAVLTreeisthat

thenumberofcomparisonrequired,i.e.TheAVLthree’sheight,isguaranteednevertoexceedlog(n).

Step1:Readthesearchelementfromtheuser.



Step2:Compare,thesearchelementwiththevalueofrootnodeinthetree.

Step3:Ifbotharematching,thendisplay“Givennodefound!!!”andterminatethefunction.

Step4:Ifbotharenotmatching,thencheckwhethersearchelementissmallerorlargerthanthatnode

value.

Step5:Ifsearchelementissmaller,thencontinuethesearchprocessinleftsubtree.

Step6:Ifsearchelementislarger,thencontinuethesearchprocessinrightsubtree.

Step7:Repeatthesameuntilwefoundexactelementorwecompletedwithaleafnode.

Step8:Ifwereachtothenodewithsearchvalue,thendisplay“Elementisfound”andterminatethe

function.

Step9:Ifwereachtoaleafnodeanditisalsonotmatching,thendisplay“Elementnotfound”and

terminatethefunction.

2.Insertion

InsertioninAVLtreeisperformedinthesamewayasitisperformedinabinarysearchtree.However,it

mayleadtoviolationintheAVLtreepropertyandthereforethetreemayneedbalancing.Thetreecan

bebalancedbyapplyingrotations.

Step1:InsertthenewelementintothetreeusingBinarySearchTreeinsertionlogic.

Step2:Afterinsertion,checktheBalanceFactorofeverynode.

Step3:IftheBalanceFactorofeverynodeis0or1or-1thengofornextoperation.

Step4:IftheBalanceFactorofanynodeisotherthan0or1or-1thentreeissaidtobeimbalanced.

ThenperformthesuitableRotationtomakeitbalanced.Andgofornextoperation.

3.Deletion

Deletioncanalsobeperformedinthesamewayasitisperformedinabinarysearchtree.Deletionmay

alsodisturbthebalanceofthetreetherefore;varioustypesofrotationsareusedtorebalancethetree.


