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Alaleén 23: looluylopeva Agvtpa, AVL Asvipa

2tnv evotnta avth Oa peAetnBouv ta €€N¢ eMIpEpPOUG OEpata:

- looCuylopeva Agvtpa
- YAortoinon AVL-6&vtpwv

- Eloaywyn KopBwv kot Meplotpodec og AVL devtpa

Awdaokwv: Mavaywwtnc Avdépeou
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Elcaywyn

e Jtnv mponyoupevn Staleén nAnoope yio Avadika Asvopa
Avalntnong (AAA).

e Auta gxouv VYog ioo pe log,n (otnv KaAutepn mepimtwon)
Kot n-1 otnVv XElpOTEPN TIEPLITTWON.

e Apa yLa va Bpoupe av UTtApXEL Eva oTolxelo oto 6Evdpo
(6nAadn yia va kavoupe pa avalntnon) xpetalopoote va
nepacoupe amno log,n (kaAutepn mepimtwaon) f n otoyela
(xelpOTEPN TEPLTTTWON).
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16€a Avong¢

e Baowa BeAovpue va eplopiocoupe to UPoc tou bevdpou
000 TO SUVATO TIEPLOCOTEPO. AUTO UTIOPEL VAL YLVEL JE:
1. Zwotn aélomoinon OAwvV Twv aLdLwv.

Oflovpe va

0 amo@vyovus avTd
TO 0EVOPO
T
O
o

To télewo 6€vOpo n lval Lbavikn mepimtwon!

2. Na avénooupe tov aplBuo twv nodlwv o kabe kOopBo xwplic va
avénBel mapa moAv. lMNati;

ALoTL Ba kataAnéoupe o€ €va TivaKko 0Tto TEAOC OTTOTE N
avalntnon Kamolou otolxelov Ba mapetl O(n) xpovo
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looluylopéva Aevopa

e Eva teAelo 6EvOpo MpoUmoBETEL OTL UTIAPXEL O KATAAANAOC
aplOUoc KOUPBwV. T.X. Eva TeEAeLo Suadiko 6EvOpo TPETEL
va €XEL
1n121n4n8.... KOpPoug

e [0t UTO TIEPLOPL{OOOTE OTO VA KpaTAE TO 6EVOHPO
LoOJUYLOLLEVO QVTL TEAELO.

looluyiopévo Aevdpo (Balanced Tree)

Eva 6evdpo oto omoio oAa ta puAAa £xouv to 16lo Badoc.
Feparo,
loo{uyLlopévo,
TéAewo

Mn-yeparo, repdto, Mn-
looluylopevo loo{uylopévo




AVL Agvdpa

e Elvatl duvato va opyavwooupe eva Suadiko 6evdpo
avalntnong €tol Wote To UYPOC ToU va Elval TO LLKPOTEPO
duvarto; (tatewc O(lg n))

e |d€a: yLa va Exoupe HkpO U oG, av u slvat Evag KopuBoc
Tou 6€vdpou ToTE Kat ta SUo tou unodevdpa xouv
nepimovu tov oo aplBuo KoUBwv.

1. Npwtn npoondBeia: yia kabe kopBo kot ta Suo Tou
urtodevdpa €xouv to 1610 LY OC... = TEAELO bEvdpa =
devdpa pe apOuo koppwv 2h+1-1.
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AVL Agvdpa

2. Aevutepn npoontaBeia: Eva Suadiko 6evopo slval
AVL-6€vdpo (Adelson-Velskii and Landis) av yia kaBe

KOUPBo tou u ta uPn Twv otdLwv Tou U SladpEPouV 1o
NoAU kata 1.

(urtoBetoupe to VP oc Ttou KevoL devdpou=—1)

Oa dou e OTL:
e 10 UYocg evog AVL-6evdpou pe n kopPouc sivat O(log n)

e SLadLlKaoLleC eLoaywync Ko e€aywync KOpBwv pmopouv va
StatumwBouv €tol wote n AVL-cuvOnkn va dtatnpettal.

e Eva ntAnpec devdpo eival kat AVL-6€vdpo.
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Napadeiypata AVL dEvépwv
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To vyoc evog AVL-6€évépou
e Eotw ott N(h) eivat o eAaxtotoc aplOpoc kopBwv evog AVL-
devdpou uYouc h.
e Exoupe: N(0) =1, N(1) = 2.
e o h =2, eva AVL-0evOpo mpEMEL:
* va £xeL pa pida,
e £va oo ta SUo tou utodevdpa va £xeL upoc h-1,
e ta uYPn twv duo vnodevdpwyv va dltadpEpouy, To oAU, Kot 1.
e Apa, N(h) =N(h-1) + N(h-2) +1
e H avadpouikn oxeon Bupilet Fibonacci. Onwc avti, n N
neyaAwvel ekBetika, 6nA. N(h)EO(ch). Emopevwc:

Oewpnpa: To UPog evoc AVL-6€vdpou Lie n KOpBouc eival
tng ta§ng O(log n)

| y
EMA035 — Aopég As&wv kot AAyopOpot ywor HA. Mny. Kot Mny. YrtoA. m



‘Eva pkpotepo AVL-6évdépo Pouc 5
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YAonoinon AVL dévtpwyv

e H napaotaon evoc kopBou AVL-6€vdpou givol TapopoLa LE AUTH
eVOC KOUBou AAA, pe tnv npocBnkn evoc emunAgov ntedlou, mou
KataypadeLl To UPoc Tou 6EVOPOU TIoU PL{WVEL OTOV OUYKEKPLUEVO

KOupo.

typedef struct node {
int val;

wC¢ pLa eyypadn AVLnode pe tecoepa nedia. :
i int height;i

e val: to kKAelbl kopBou ctruct node *left:
J

struct node *Pight;i

e height (int): to U oc tou kOpPou
e |eft (pointer): 6eiyvel To aplotepod
uTtodevOpo Mov PL{WVEL OTOV CUYKEKPLUEVO KOUPO
e right (pointer): 6eixvel to 6l utodevdpo ou pL{wvel oTOV
OUYKEKPLUEVO KOUPO
e To nedio height ypnolwpornoteital yia tn dtakpiBwon avicoluyiog (pe
oUYKpLON TwV avaAoywv Tedlwv Twv motdlwv Kabes koppou).
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Etlcaywyn KopBovu

1. H ewoaywyn KOpBou yivetal omwc akpLBwc KoL o€ Eva
dvadko 6evdpo avalntnong, KLe tn dtadopa OTL
kKataypadoupe tn Stadpopn ou akoAouBeital (amo tn
plla tpoc ta pUAAQ).

2. 2Tn ouvexela, akoAouBoupe tn dtadpoun mpog Ta ow
kot 6lvoupe ota nedia height Twv KOUPWV TLC VEEC TOUG
TLUEC.

3. Av auto npokaAEoel kamola avioolvyia, SnAadn, av €xeL
oav amoTteEAEoMA KATIOLOC KOMBOC va £xeL moudLd Tou to
LY oc Touc SLtadepeL kata Tun >1, tote
avanpooapuolovue ta vrtodevdpa wote to 6EVOPO va
yivel Eava AVL.

e OLavanpooappoyec ovopalovtol mepLotpo@ec (rotations).
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Napadsypa

e Elocaywyn 72,26,9 oto kevo AVL 6€vOpo PE AT TN OELPAL:

NULL

72

7

26

o
2

9

D e

height(left) @ height(right)
=2 =0

height(left)-height(right)>1

2 .
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Aplotepn Neplotpodn

e Mpw tnVv etoaywyn: ta 6evdpa R,S, T €xouv to 16lo LYo, h.

e Meta TNV ELOAYWYN: £0TW OTL 0 KOUPOC ELOAYETAL OTO
d5evdpo R pe amoteAeopa to UPocg Tou va yivel h+1.

e H aplotepn neplotpodr VAOTIOLEL TO €ENC:




Awadikaocia A-mteplotpodng

Aplotepn meplotpodn tou (A,B) onualivel
1. A.left = B.right

2. B.right=A

3. A.height =

4. B.height =

e [IpLwv TNV nepLotpodn o A NTAV O TTATEPAC TOU B, KaL PHETA, O

B eivol o matépac tou A.
e To devdpo mapapevel Suadiko 6evdpo avalntnong:
e KabBe tiun tou Y €lvol LKPOTEPN ATIO TNV TLUN TOU U,
® ) TLUA TOU U Elvall LEYAAUTEPN ATIO TNV TLUN TOU V.
e Meta tnv neplotpodn to 6€vOpo eivoal AVL:
A.height =h + 1 = 0yoc tou R.

|
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Napadeiypo A-neplotpodpnc
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Aega Meprotpodn
* JUMMUETPLKN TIPOC TNV apLotepn mepLlotpodn
e Mpw tnVv etoaywyn: ta 6evépa R,S, T €xouv to 16lo LY oC, h.

e Meta TNV EL0AYWYN: £0TW OTL 0 KOUPOC ELOAYETAL OTO
d5evdpo T pe amotedeopa to UPocg tou va yivel h+1.

e H de€la meplotpodn UAOTIOLEL TO €ENC:

C




Awadikaocia A-teplotpo PG

A€l meplotpodn tou (A,B) onualvel
1. A.right=C.left

2. Cleft=A

3. A.height =

4. C.height =

e [Ipwv TNV nepLotpodn o A Ntav o matepac tou C, Kal PETA, O

C elvall o matepac tou A.
e To devdpo mapapevel Suadiko 6evdpo avalntnong:
e KabBe tiun tou Y €lvol LKPOTEPN ATIO TNV TLUN TOU U,
® ) TLUA TOU U Elvall LEYAAUTEPN ATIO TNV TLUN TOU V.
e Meta tnv neplotpodn to 6€vOpo eivoal AVL:
C.height=h+1=0yoctou T.
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AA-MNeplotpodn

e Ta 6evbdpa X kat W €xouv uoc h. Meta amno kamola
gloaywyn, To w €xeL UPoc h+1, mpokaAwvtog aviocoluyia
oTO U.
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Napadeiypo AA-epLoTPOPNC

e Me TnV eloaywyn Twv otolxeilwv 72, 26, 9, 21, 25 o€ eva
AVL 6&vbpo, dnuioupyeital avicoluyia otov KOppo 26.

e Meta ano epappoyn AA nieplotpodrn EXOUUE:

[N =

72

/\ /\"’ o
N e / /\

25 2
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AA-Meplotpodn

e Ta 6evbdpa X kat W €xouv uoc h. Meta amno kamola
gloaywyn, To w €xeL UPoc h+1, mpokaAwvtog aviocoluyia
oTO U.

u
, (™)
/ AA meproTpogy
N

N
AA
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Napadeiypo AA-tEPLOTPOPNAC

e Me tnVv eloaywyn tou otolxeiov 13 og eva AVL 6€vdpo,
dnuoupyeital avicoluyia otov KOUPo 6.

e Meta ano epappoyn AA nieplotpodrn EXOUUE:
4 4
2 6 ‘ 2 7
7\ 7\ /7 \ 7\
1 3 9 14 1 3 6 14
/\ VA
! E 5 (13 (15
\

13
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Awadikaoiec AA kail AA-rteplotpodng

AA nteplotpodn tou (u,v,w) vAomoleitol we €ENG:
1. v.right = w.left,

o

u.left = w.right,
w.left = v,
w.right = u,
v.height, u.height, w.height = ...
gplotpodn tou (u,v,w) vAoTmoleital we €ENC:
v.left = w.right,

AA

u.right = w.left,
w.left = u,

S i A = - i

w.right = v, kau

5

v.height, u.height, w.height = ....

e Oumneplotpodec dev napafialovv tn AAA cuvOnkn.

e To 6&vdpo nov dnuoupyeital eivatl AVL-6€vdpo (oL kool v Kot u
gxouv uocg h+1).

|
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Edbappoyn nepiotpodpwv

Onwc exoupe mepypal et n dtadkaoia eloaywyng Koppou oe

AVL-6€vdpo yivetal we €€Nc:

1. Ewodyoupe to otolxeio oto KataAAnAo dUAAo owc akpLBwc og Eva
duadiko 6evdpo avalntnonc. Kataypadoupue tn dStadpopn nou
akoAovBnoape, SnAadn av r eival n pida Kot u ivat to GuAAo nou
npocBcoape tote maipvou e dtadpoun He pHopdn:

U=7"V,V1,.,0,=7r

2. AkoAouBoupe tn dtadpoun mpog ta iow Ko divoupe ota nedia
height Twv KOPUBWV TLC VEEC TOUC TLUEC.

3. Av o€ Kamolo onpeilo auto npokaAeoel aviocoluyia Kot LOALC cUBEL
auTo, (6nA. av €xeL cav amoteAeopa Kamolotl KopBol va €xouv
rtotdLd tou to U oc touc StadEpeL Kata Tun >1), tote
epapuolovpe otov KOUBO AUTO, £0TW Vi, TNV KATAAANAN
neplotpodn. EmAeyoupe tnv neplotpodn we €ENC:

| y 2
EMA035 - Aopég As&wv kot AAyopiOpot ywor HA. Mny. KovMny. YTtoA. m - 23



Edbappoyn nepiotpodpwv
i.  avov,, elvaL aplotepo madl Tou v, KoL 0 Vv, , apLoTEPO TaLdi Tou v, ; TOTE
epappolouvpe tnv A-rteplotpodn,
ii. avov, elval 6e€Lo madi tou v, katL o v, , 60 mawdi Tou v, ; TOTE
epappolovpe tn A-teplotpodn,
iii. avov,, elvalL oplotepo maldl tou v, kat o v, , de€Lo maidi Tou v, ; TOTE
epappolovpe tnv AA-Tteplotpodn,

iv. avov,, elval 5e€Lo madi tou v, KoL o v, , apLotepo matdi Tou v, ; TOTE
epappolovpe tn AA-teplotpodn.

4. EvNUEPWVOUNE TOV MOTEPO TOU Vi YLOL TO TTOLO £lvall TO Tadi Tov wg
* QMOTEAEOHO TNG TIEPLOTPOPNC, N, AV 0 Vi ival n pila tou dEvdpov,
* EVNUEPWVOUUE TNV KaAoUoa cuvaptnon yla tn véa pila.

MPO2OXH:

e Hneplotpodn edbappoletol oTov 1o YapunAo koppo mou
nopouotalel aviooluyla.

e Eva AVL-6€vdpo eival AAA!
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