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Asvrpoc SUOLSLKnga\/OLQanng

® AEVOPIKEC OOUEC OEOOULEVMV OTIC OTTOTEG
o OAu T0 OTOLYELD GTO APLOTEPO VITOOEVTPO TNG
piCac etval LKpoTEPO oo TNV pica
o OAa t0 oTOLYEID GTO OECT VTTOOEVTPO TN PICOC
etval peyaAlvtepa 1 too ue v piCol
o To apiotepd KoL TO 0eCT VITOOEVTPO Elvat
OEVTPO OVUOIKNG CVALTNONG

¢ Binary Search Trees - BSTs
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¢ H yevua) eikova €vO¢ TETOL0V 0EVIPOV
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¢ Eyxvpa 0&vipa
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ITapaoctypata ocvrpwv BST
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¢ Mn-&ykvpa 0évtpa
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Al(xcsxtcm 61)(1611(0)\/ 88vrpoov

Nl T e il e e, R e e @ M .«

23

e Preorder: 23 18 12 20 44 35 52
o Postorder;: 12 20 18 35 52 44 23
e Inorder: 12 18 20 23 35 44 52
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Zuytcmoc 88thu)v BST S

¢ Avaloya pE TN GEPA APLENS TV GTOLYEIDV
KO TOV TPOTO ONUIOVPYINS TOV OEVTPOL
BST, yia Ta 10100 6GTO1YEIQ 08V TPOKVTITEL
TAVTO TO 1010 0EVTPO

¢ To VYOG TOL OEVTPOL GYETICETUL LE TO
YPOVO OVOCTTNGTMC EVOS GTOLYELOD LECH GTO
OEVTPO
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ZOyiouo osvipov BST
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¢ Avalntmon ue mtoAvTAOKOTNTA
o Ao O(N) [yeipOtepn wepinTtmon]
o Méxpt O(Log,N) [karvtepn mepintmon]
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Zuytcmoc 88thoov BST S

¢ IIpokepEvou pia avalnnon vo. olTpEYEL
OGO TO OLVVOTOV LKPOTEPO LUEPOC TOV
OEVTPOVL, OVTO TPEMEL VAL EIVOIL KCVYIGUEVOY
o «Zvyiouevon: 10 Pabog Tov aploTEPOV
VTTOOEVTPOV OEV OLOUPEPEL TEPIGGOTEPO OTtO 1
oo 0TO TOV 0ECI0V (10aVIKA: Efvar ica)
¢ Av Kotd TV TPOGONKN VE®V GTOLYEIMV GTO
OEVTPO 1N CLYOPLA «YEIPE OECIA T
aPLOTEPA, OTOUTELTOL OLOPHMGT TOL OEVTPOV
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Hapaﬁswpocw Q)ytcusvoov 88vrpoov
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Zuytcmevoc Bevrpoc

¢ H nepintoon 6mov 1o YOS TOL aPlLoTEPOV
VTTOOEVTPOL EIvOll apIfmS i6o e TO VYOG
TOV 0ECL00, OEV EMLTLYYAVETOL EDKOAOL

¢ Av 00 TNV TOPUTAVE TEPITTWOGCT) VTN PYOV
CUIKPESH UTOKALOELS, Ol EMOOGELC TOV
OEVTPOL oTNV avalnnon oev Oa
EMNPEALOVTAV 1010UTEP
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| Asvrpoc S

¢ Eva 88vrp0 AVL (Adelson Velskn and
Landis) etvon Eva 0évrpo BST tov omoiov 7o
DWOGC TOV OPILOTEPOD DITOOEVTPOD OLOYEPEL
OTTO OTO TOV 0ECIOD TO TOAD KAt |

@ To 0ecl Ko aP1oTEPO LTTOOEVTPO EVOG
oevipov AVL givan emionc oévipa AVL

¢ To xevo oevtpo etvar 0evtpo AVL

O1 1010TNTEC AVTEC OLOTPOVVTOL UE TOPEUPACELC
(avaoldtacn) Kabwe véa ototyela TpooTifevTal
GTO 0EVTPO
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__ Asvrpoc i

¢ Eva 88vrpo AVL kgysrou «\|/n7»o oo
APIGTEPO» OTUV TO VYOS TOV OPIGTEPOV
VTTOOEVTPOL EIvOL LEYOAVTEPO OTTO GVTO TOL
0€C10V (KOTA TOGO;;;)

¢ AvTicTOolYO Y100 TO «YNAO OO OECLAN

¢ YTapyovv apKETOL TPOTOL LE TOVC OTOTOVC
N TPOGHNKN N N OLYPOPT] GTOLYELMV GE Eval
0évtpo AVL mapaPrdcer tn ovvOnkn
YOPOKTNPLOLUOD TOV
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Avocé}wcwin SevrpoovAVL a0

¢ H yopoaxtnpiotikn 10101t €VOC 0EVTIPOL
AVL umopel va moveL va 1I6YDEL LE TNV
TpocONKn vEwV oTOLYEIMV

¢ H emavapopa tnc 1010tnTt0¢ 6€ 1090, YiveTal
LE TTEPIOTPOPH TOV OEVTPOV, OVOAOYOL LLE
TNV TEPITTMOON AVOOLATAENS TOV GUVIPEYEL
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ATAN TEPIGTPOON

e

g \
New ltem
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Avoc&onn SSVIp(ovAVL Gk

¢ [epurtooelg ovadldTaEng

o AA: éva aplotePO VIOOEVTPO EVOC 0EVTpov AVL
OV €lval YNAO amd aploTePA, YIVETOL ERIGNGC YNAO
amo aprotepd (left of left)

o AA: ta avtictoryo Yo To 0€EL VTOOEVTPO (right of
right)

o AA: £va vTOOEVTPO €VOG 0EvIpoL AVL ynAov amo
apPLoTEPQ, YiveTon YNAO amo oecla (right of left)

o AA: éva vmooEvTpo vOc 0evtpov AVL yniov and
0eC1q, yivetar ynAo anod apiotepa (left of right)
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EH

(a) Case |: left of left

o~

Lﬂut of balance
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Out of balance
at 1%

(¢) Case 3: right of left

Before

Baoiing Beokovkng

Out of balance
at 14

(d) Case 4: left of right

[Mpoypoppatiotikeg Teyvikeg

Alter
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Baoiing Beokovknc

Raotate night
% Out of I:nalance] EH
(left of left) -‘ 'h
EH EH

(a1) After inserting 12 (a2) After rotation

(a) Simple right rotation

QOut of balance
(left of left)

Rotate right

EH

LH EH

EH EH EH

(b1) After inserting 4 (b2) After rotation

(b) Complex right rotation
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Baoiing Beokovknc

Rotate lefit

[E.‘-lut of balance RH EH
(right of right) “ @
EH EH
EH
(a) Simple left rotation
Dut of balance
{right of right)
Hc:taie |Eﬂ @
EH
EH RH
EH EH EH

(b) Complex left rotation
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Sacanid
roEie ngne

Firat
robada ko

Second rotale
TR mghl

(b3) After right rotation

(b) Complex double rotation right
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Baoiing Beokovknc

Avaolatacn o€ mepimtwon A

T

First Saoond
ratate right ratate loft

EH EH EM

(b3) After left rotation

(b) Complex double rotation right
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Ykonomcmﬁevrpcov AVLG’CT[ * c

¢ Mo oour] 0€00UEVDY

Node

key <keyType>

dat a <dat aType>

I eft <poi nter to Node>

ri ght <poi nter to Node>

bal <LeftH, EvenH, Ri ghtH>
End Node

Baoiing Beokovknc [Mpoypoppatiotikeg Teyvikeg

27



Etcsowooyncse 88vrpoc AVL e

¢ H sicaymyn veov otoryeimv yivetol ota
@OALO, OTtOC ota 0cvTpa BST

¢ EvtoniCetal 0 @UAAO 6710 01010 Ha yivel n
E1G0AY YT KOl ONUIOVPYELTOL VEOC KOUPBOC
¢ I'ivetar omcBoopounon UEYPL TNV Kopuoen

TOV OEVTPOV, LE EAEYYO TNC 1OYVOC TNG
ovvOnkng tooppomiac AVL oe kabe Priua
TPOC TO TIOW, KOl ETOVAPOPA GE 1GOPPOTTIQL,
OTTOL QTTOTELTON
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EtoocymynceéSSVIpoc AVL ikl

¢ AQypopLo KANONC UoG oVOOPOUTKNIG
CLVAPTNONG EICOYWOYNG

AVL
insert

| +)

AVL Left AVL Right
insert balance insert balance
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AAT'OPIOMOL AV LInsert( ref root <tree pointer>,
Val nethr <tree p01nter> ref taller <B001ean>)

1 if (root null)
1 root = newPtr
2 taller = true
3 return root
2 end if
3 if (newPtr->key < root->key)
1 root->left = AVLInsert (root->left, newPtr, taller)
2 if (taller) // Left subtree is taller
1 if (root left-high)
1 root = leftBalance (root, taller)
2 elseif (root even-high)
1 root->bal = left-high
3 else //Was right high -- now even high
1 root->bal = even-high
2 taller = false

4 end if
4 else // New data >= root data
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(Zvvéyein) AVLInsert( ref root <tree pointer>,
Val nethr <tree p01nter> ref taller <B001ean>)

4 else // New data >= root data

1 root->right = AVLInsert (root->right , newPtr, taller)
2 if (taller) // Right subtree 1s taller

1 if (root left-high)
1 root->bal = even-high
2 taller = false
2 elseif (root even-high) // Was balanced -- now right high
1 root->bal = right-high
3 else
1 root = rightBalance (root, taller)
4 end 1f
3 endif
5 end if
6 return root

end AV LInsert
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AAT'OPIOMOXY
leftBalance (ref root <tree p01nter> ref taller <B001ean>)

1 leftTree = root-> left
2 if (leftTree left-high)
// Case 1: Left of left. Single rotation right.
1 rotateRight (root)
2 root->bal = even-high
3 leftTree->bal = even-high
4 taller = false
3 else
// Case 2: Right of left. Double rotation required.
1 rightTree = leftTree->right
// adjust balance factors
2 1if (rightTree->bal left-high)
1 root->bal = right-high
2 leftTree->bal = even-high
3 elseif (rightTree->bal = even-high)
1 leftTree->bal = even-high
4 else
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(Zvveyein)
leftBalance (ref root <tree p01nter> ref taller <B001ean>)

4 else

// rightTree->bal 1s right-high
1 root->bal = even-high

2 leftTree->bal = left-high
end 1f

rightTree->bal = even-high
root->left = rotateLeft (leftTree)
root = rotateRight (root)
taller = false

4 end if

5 return root

\O OO0 1 O\ Wn

end leftBalance
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Hspwsopa o 88V’Cp(l AVL

¢ Aloypa@n oTOELOV
o Awfdote avtiotoryo download and T ceAion
TOV Lo UOTOg
¢ BipAoOnkn cuvaptiocewv
o Mnopeite va Katedoete Eva. GLVOAO ETOIUM®V
ocvvaptnoemv C yio To ¥Epiouo oEvipomv AVL
oo TN GEAMON wWeb Tov nobnuaTog
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