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B Avadika Aévdpa Avalntnong: oAU koAl doun dedopévwy yla tTnv uAomoinon
maps, sets, kat AAAa TopOUOLAL.

B KUpla SuokoAia : eival amodotikd povo otayv eival Looluylopéva

M Opilovrtal oxeoelc petafl KOUPWV

Parent: o yoveikog kOpPog tou kopBou avadopdg
LSON: to aplotepo matdi tou kOpBou avadopag
RSON: to 6&€il matdi tou kOpPou avadopdg

Ancestor: kamolo¢ KOUPog mpoyovog Tou kKopBou avadopdg
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Etoaywyn (2/3)

B Y{ocg 6évtpou: yla eva 6Evtpo e n otolxela xpetalovtal O(logn) emimeda.

B To UYog tou Sévtpou kKabopilel kat To KOOTOG aAvalNTNonG Lot EXOUME pLa
oUyKkpLon o€ KAOe eninedo

B 16otnta Suadikol dévtpou avalitnong:

Mo va elval eva 6évtpo duadiko devtpo avalntnong (Binary Search Tree — BST) mpéemel
va rtAnpot tnv wotnta duadikov dévtpou avalntnong:

Eotw n KOpPBoc evog duadikou devtpou avalntnong. Tote Aot ol kOpBoL mou Bpilokovtal
OTO OPLOTEPO UTTOOEVTPO TOU N £XOUV TIUAR TIEPLEXOUEVOU ULKPOTEPN N Lon HE To
TIEPLEXOUEVO TOU N. Avtiotolya, ol kKool ou Bpiokovtatl oto &€LO UTTOSEVTPO TOU N
£XOUV TLUHN TIEPLEXOUEVOU PEYaAUTEPN N Lon ATtd TO TEPLEXOLLEVO TOU N.

B ‘Etolto Suadikd dévipo avalntnong eyyvartat xpovo avalntnong O(logn) pe pa
oUykpLon o€ KAOe €va anod ta O(logn) enineda. £tn ouvéxela n €vBeon (insert) kat
n dtaypadn anattovv otabepo xpovo.
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Etoaywyn (3/3)

M Ta ooluylopeva devipa armavtolv oto tPoPAnua tou UPoug XELPOTEPNG
nepimtwong evog duadikol devtpou avalntnong

B Awtnpouv pla avadoyia petafl Tou aplotepou kol tou §e€lol umtodévipou o€ KABe
KOUBO wote To cUVOALKO U og va eival TToAU Kovta oto logn

B looluylwopéva pe Bapn (weight-balanced) kat tooluylopéva pe Uog (height —
balanced)

M To AVL tree givat éva looluylopévo d£vtpo Baoel UPoug (LoooKeEALOHEVO) TTOV
o€ KAOg KOUBO Tov, TO UYPOG TOU APLOTEPOV UTIOSEVTPOU ETILTPETETAL VAL
Sladépel povo kata 1 anod to vPocg tou Se€Lol utodEvtpou.
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AVL Trees (1/8)

M Ta AVL trees, sivatl por amAn kat anodotikr Soun dedopévwy yla tnv
dLatripnon tn¢ LooppPoTiLag.

B Eival n npwtn nmou npotddnke (“An algorithm for the organisation of
information” - Proceedings of the USSR Academy of Sciences 146: 263-266,
1962) amno touc G.M. Adelson-Velskii kot E.M. Landis
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AVL Trees (2/8)

B e kdBe kKOUPO TOU SEVTPOU OVTLOTOLXEL Evag aplOUOG Ttou SelyveL Tov

T PAYOVTA LOOOKEALOUOU.

Av hleft elval to Uog Tou aplotepov uTtoSEVTPOU Tou KOUPBoU v Kal hright to U og
Tou 6e€lol utodEVTPOU, TOTE O MAPAYOVTAC LOOCKEALOHOU UTtoAoyileTal amno tnv
npaén hright - hleft

Edooov B€Aoupe n Stadopd LPouc Twv utodévtpwy BENouE va elval To TIOAU 1,
ETUTPETTEC TIMEC elvat ta -1, O, 1.

To AVL tree gyyuvatat U og S€vtpou h TETolo wote h

A
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logn <= h < 1.44log(n+2) -1

Apa enti tng ouciag O(logn)!



AVL Trees (3/8)

Insert

M H swoaywyn yIVETOL KAVOVLKA LE EVPEDT TOU KATAAANAOU onpelov yla €vBeon
KOlL 0TI OUVEXELOL KATOLOKEUN VEOU KOUPBOU O0TO onpeio auto.

B [oAAég dopeg xahdel n Loopporia tou AVL tree kat epdavitovtal fapn 2 i -2.

M o va anokatootoBel 0 LoOOKEALOUOC KoL N tdtotnta Twv AVL Sévtpwyv MpEMEeL va
ylvouv KATtoleC TP AEELC TTOU ovopalovTal TIEPLOTPOPEC

Tree A (AVL) Tree B (not AVL)
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AVL Trees (4/8)

Insert

Movo koppol oto path amo 1o onpeio eloaywyng mpog tov KopBo tne pilag pmopet
va aAAaéouv U o¢

Omnote, MAPE TPOC Ta Tavw , StopBwvovtag Ta PN
(hright-Diere) €lvOL 2 f =2, kKAVOUpE TIEPLOTPODN YUPO OO TOV KOUBO

Av o kOpBoc ou xpelaletal eplotpodr) eival o .

YTidpxouv 4 MePUMTWOELC:
B ECWTepLKEC TTEPUMTWOELC (amattel anAn neplotpodn) :
1. Eloaywyn oto aplotepO UMOSEVTPO TOU aploTEPOL TadLov Tou .
2. Elwoaywyn oto 6l umodévtpo tou deflov matdlov Tou .
B EowTepLKEG TEPMTWOELC (armattel SuTAN meplotpodn) :
3. Eloaywyn oto 6&€l umobEvtpo Tou aplotepol Tadlov Tou a.
4.  Eloaywyn oTo aplotepo umodEvtpo tou Se€lol madlov Tou .
M Me avtiotolyo tpormno Asttoupyet kat n dtaypadn: avalntnon, Staypadn,
géLloopponnon.
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AVL Trees (5/8)
ATIAN mepLotpodn
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AVL Trees (6/8)
AuTAN neplotpodn
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AVL Trees (7/8)
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AVL Trees (8/8)

WEYAOKQAIKAZ EMAOIHZ NEPIZTPOOH2

IF tree is right heavy {
IF tree's right subtree is left heavy
Perform Double Left rotation
ELSE
Perform Single Left rotation
}
ELSE IF tree is left heavy {
IF tree's left subtree is right heavy
Perform Double Right rotation
ELSE
Perform Single Right rotation
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AVL Trees & C++

(1/9)

B ApXKA, XPEL{OMOOTE MLt KAAon yio Toug KOpBoug pe Baon tnv onoia Oa
dounOei to dévrpo:
balance (1,0,-1)

template <class KeyType>
class AviNode {
private: left
Comparable<KeyType> * myData; // Data field
AvINode<KeyType> * mySubtree[2]; // Subtree pointers
short myBal; // Balance factor

key

right

/[ ... many details omitted
o
B MopatnpoUpe OTL EPLEXEL Eval TTivaKa yLa Ta SUo maldld Tou KOUPBou Kat pLa
HETOBANTH yLa TOV TTOPAYOVTO LOOCKEALGUOU.

B H kAdon auti pog apket yia to dévrpo! 31 Mapriov 2015 B



AVL Trees & C++

(2/9)

M Opifoupe ta BonOntikd otoyeia oe pla kKAdon Comparable

enumcmp_t{
MIN_CMP = -1, // less than
EQ CMP =0, // equal to
MAX_CMP = 1// greater than
b
template <class KeyType>
class Comparable {
private:
KeyType myKey;

public:
Comparable(KeyType key) : myKey(key) {};
cmp_t Compare(KeyType key) const;
KeyType Key() const { return myKey; }
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AVL Trees & C++

(3/9)

B Kwdwkag yia tnv aplotepn neplotpodn:

enumdir t{ LEFT =0, RIGHT =1 };

template <class KeyType>

void

AvINode<KeyType>::RotateLeft(AviINode<KeyType> * & root) {
AvINode<KeyType> * oldRoot = root;
root = root->mySubtree[RIGHT];
oldRoot->mySubtree[RIGHT] = root->mySubtree[LEFT];
root->mySubtree[LEFT] = oldRoot;
I/ update balances
oldRoot->myBal -= (1 + MAX(root->myBal, 0));
root->myBal -= (1 - MIN(oldRoot->myBal, 0));

} 31 Maprtiou 2015 15



AVL Trees & C++

(4/9)

B Kwdwkoag yia tnv defLa neplotpodn:

template <class KeyType>

void

AvINode<KeyType>::RotateRight(AviINode<KeyType> * & root) {
AvINode<KeyType> * oldRoot = root;
/[ perform rotation
root = root->mySubtree[LEFT];
oldRoot->mySubtree[LEFT] = root->mySubtree[RIGHT];
root->mySubtree[RIGHT] = oldRoot;
I/ update balances
oldRoot->myBal += (1 - MIN(root->myBal, 0));
root->myBal += (1 + MAX(oldRoot->myBal, 0));

} 31 Maprtiou 2015 16



AVL Trees & C++

(5/9)

M Evwon twv U0 MPOoNYOUUEVWV CUVOPTACEWV OE LA
template <class KeyType>
void
AvINode<KeyType>::RotateOnce(AviINode<KeyType> * & root, dir_t dir) {
AvINode<KeyType> * oldRoot = root;
dir_t otherDir = Opposite(dir);
short factor = (RIGHT - LEFT) * (1 - (2 * dir));

/] rotate

root = tree->mySubtree[otherDir];
oldRoot->mySubtree[otherDir] = tree->mySubtree[dir];
root->mySubtree[dir] = oldRoot;

Il update balances

oldRoot->myBal -= factor * (1 + MAX(factor * root->myBal, 0));
root->myBal += factor * (1 + MAX(factor * oldRoot->myBal 519»
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AVL Trees & C++

(6/9)

M AutAn neplotpodn e xpon tng RotateOnce:

template <class KeyType>

void

AvINode<KeyType>::RotateTwice(AvINode<KeyType> * & root, dir_t dir) {
dir_t otherDir = Opposite(dir);
RotateOnce(root->mySubtree[otherDir], otherDir);

RotateOnce(root, dir);
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AVL Trees & C++

(7/9)

B ME£O0b0o¢ yLa tn cUYKPLON TOU TEPLEXOUEVOU EVAC KOMBOU pe To InToUUEVO:

template <class KeyType>
cmp_t
AvINode<KeyType>::Compare(KeyType key, cmp_t cmp) const {
switch (cmp) {
case EQ_CMP : /I Standard comparison
return myData->Compare(key);
case MIN_CMP : /I Find the minimal element in this tree
return (mySubtree[LEFT] == NULL) ? EQ_CMP : MIN_CMP;
case MAX_CMP : // Find the maximal element in this tree
return (mySubtree[RIGHT] == NULL) ? EQ_CMP : MAX_CMP;

}
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AVL Trees & C++

(8/9)

B MéEOodocg insert:

template <class KeyType>
Comparable<KeyType> *
AvINode<KeyType>::Insert(Comparable<KeyType> * item, AvINode<KeyType> * & root,
int & change) {
/] See if the tree is empty
if (root == NULL) {
/I Insert new node here
root = new AviNode<KeyType>(item);
change = HEIGHT CHANGE;
return NULL,;
¥
/I Initialize
Comparable<KeyType> * found = NULL;
int increase = 0;

// Compare items and determine which direction to search
cmp_t result = root->Compare(item->Key()); 31 Mopriou 2015 20
dir_t dir = (result == MIN_CMP) ? LEFT : RIGHT;



AVL Trees & C++

(9/9)

B Mé£0obog insert (ouvéxewa):

iIf (result '=EQ _CMP) {

Il Insert into "dir" subtree

found = Insert(item, root->mySubtree[dir], change);

if (found)

return found; // already here - dont insert

Increase = result * change; // set balance factor increment
¥
else { // key already in tree at this node

increase = HEIGHT _NOCHANGE; // 0

return root->myData;

}

root->myBal += increase; // update balance factor

change = (increase && root->myBal) ? (1 - ReBalance(root)) : HEIGHT _NOCHANGE;
return NULL; // the key was successfully inserted

} 31 Maprtiou 2015 21



Avodopec

B OMokAnpwpévoc kwdikac AVL tree og C++:
http://www.cmcrossroads.com/bradapp/ftp/src/libs/C++/AviTrees.html

B Boaowkég MAnpodopieg yia AVL tree:
http://en.wikipedia.org/wiki/AVL tree

M AVL pe mapadeiypoata:
http://www.cs.ucf.edu/~reinhard/classes/cop3503/lectures/AVLTrees02.pdf
B Standard AVL C++

http://sourceforge.net/projects/standardavl/

B Animated AVL Tree Java applet
http://webpages.ull.es/users/jriera/Docencia/AVL/AVL%20tree%20applet.htm
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