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AEVOPQ

OpIou6G ypagou:
[ pA@OC cival pia doun TTou aTToTEAEITAl ATTO €va OUVOAO KOUPBwV(vertices)
TTOU OUVOEOVTal JETACU TOUG UE Eva OUVOAO aKuWYV (edges).

OpIouo6c dEVOpPOU:
‘Eva oUVEKTIKO OKUKAO ypa@nua AfyeTal OEVOPO.

EVAAAQKTIKOG OpIouOC DEVOPOU:
‘Evacg ypa@ocg cival 0EvOpo av dUO OTTOIECDNTIOTE KOPUYESG EVWVOVTAI JE
EVa JovadIKO YOVOTIATI.

» KaBe dévdpo trepiExel N kOuBouc kal N-1 akuéc.
« Eival ouvekTIKO av yia o1TolouadATToTE dUO KOUPOUG TOU UTTAPXEI UOVOTIATI.
» AKUKAO gival otav v TTEPIEXEI KAEIOTH dladpoun METAEU dUO KOPPBwV( dNAadN CeKIVWVTAG

atrd pia kopuen A akoAouBwvTtag pia dladpoun 0V UTTOPOUNE VA KATAAAEOUUE TTAAI OTOV
KOMBO A).




AvaTtrapaoctaon 0EVOPWV

Puoikdg TpoTToC 2TNV TTANPOQOPIKI




AvaTtrapaoTaon OEvOpwv

pida 4 pida gival povadikni Kal dev £XEl TIPOYOVO

) , , H pila €ival o kéuRog A.
BUMo ovopagetal evag O1 képBol B,C gival TTaidid Tou

KOMBOC Xwpic TTaidid / KOUBOU A
O képpocg A gival TTpoyovog Twv

B,C,D, E
O1 k6upol C,D, E civalr @UAAa

PUAAO




AvaTtrapaoctaon 0EVOPWV

YT1100£vOpo e pifa Tov KOuPBo B ‘




Auadika AEvopa

OpIopOC:

AULOOIKO OEVOPO Eival TO KEVO YpA@NUa, KABwC Kal KABE
OEVOPO TIOL TIEPIEXEI pia pida T LTTOOEVOPO TNC OTIOIOC
gival dLAdIKA OEVOPA — TO APIOTEPO KAl TO OECI




Auadika 0evopa avalnTtnong

AULOOIKO 0EVOPO UE TNC €ENC 1DI0TNTEC:

To apIloTEPO LTTOOEVOPO EVOC KOUPBOUL TIEPIEXEI HovaXa
KOMBOULC PE KAEIDIA PIKPOTEPA OTIO TO KAEIDI TOL KOUBOUL

To 0€&i UTT0OEVOPO EVOC KOUPBOUL TIEPIEXEL HOVAXO KOUBOoUC
LE KAEIDIO HEYOAUTEPO OTIO TO KAEIDI TOU KOJU[BOoUL

To apIoTEPO Kal TO Ol LTTOOEVOPO Eival ETTIONC dLADIKA
dEVOPO avadntnong

A€V LTTAPXOLV OITIAG KAEIDIA.




Avatrapaoctaon AAA og C

struct tree_element {
Int data, cnt;//tiyn, TTANBOC TTaIdIWV + TOU idIOL TOL KOUBoU

tree_element *left, *right;//apiotepo, de&i TtadI

¥

typedef tree_element *tree;




Alatpecn Aevopwy

* Mpodiataén

« Evdodiataén

o Metadlataén

e AlOOXION KOTO OEIPA ETUTIEOWV




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

‘ PostOrder( Aggi_traidi(T) )
}
}

%
@




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

PostOrder( Acgi_mraidi(T) )

}
}

%
@




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

‘ PostOrder( Aegi_1Taudi(T) )
}
! )

%
@




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

‘ PostOrder( Aggi_traidi(T) )
}
}

.
@




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

‘ PostOrder( Aggi_traidi(T) )
}
}




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

‘ PostOrder( Aggi_traidi(T) )
}
}




[Tpodiaragn

EmiokeTTopaoTe TOV idIo Tov KOPPOo o€ TPodiaTdén Post,Order(_KépB,og T){
TTPoTOU £TTIOKEPOOUHE o€ TTPOJIATALN TO APIOTEPO Eav (T !=kevo) {

Kal To Se€i UTTODEVDPO TOU. Emokeyou(T) , ,
PostOrder( Apiotepd_traudi(T

‘ PostOrder( Aegi_1Taudi(T) )
}
‘)

%
@




[Tpodiaragn

ApiBunon £treira amd Tnv dIATPEEN.




EvdodiaTtacn

ETiokeTTopaoTe KGBe KOUPBO, apou ETTIOKEPOOUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
‘ }
}

%
@




EvdodiaTtacn

ETiokeTTopaoTe KGBe KOUPBO, apou ETTIOKEPOOUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
L Emokéwou(T)

InOrder( Ac€i_mrauidi(T) )
‘ }
}

TOU.

%
@




EvdodiaTtacn

ETiokeTTopaoTe KGBe KOUPBO, apou ETTIOKEPOOUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
}
| ‘ )

%
@




EvdodiaTtacn

EmiokemTopaoTe KGO KOUPO, apou eTTIoKepOoUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
‘ }
}

.
|




EvdodiaTtacn

EmiokemTopaoTe KGO KOUPO, apou eTTIoKepOoUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
‘ }
}

%
@




EvdodiaTtacn

EmiokemTopaoTe KGO KOUPO, apou eTTIoKepOoUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
‘ }
}




EvdodiaTtacn

EmiokemTopaoTe KGO KOUPO, apou eTTIoKepOoUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
‘ }
}




EvdodiaTtacn

EmiokemTopaoTe KGO KOUPO, apou eTTIoKepOoUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
}
}

%
@




EvdodiaTtacn

EmiokemTopaoTe KGO KOUPO, apou eTTIoKepOoUE InOrder( KouBog T ) {
o€ evOOodIATAEN TO APICTEPS UTTODEVDPO TOU KAl Eav (T !=kevo ) {

TIPIV ETTIOKEPOOUE TO DEE] UTTODEVDPO InOrder( ApioTepo_Traidi(T) )
TOU. Emiokéwou(T)

InOrder( Ac€i_mrauidi(T) )
}
‘ I

%
@




EvdodiaTacn

ApiBunon £treira amd Tnv dIATPEEN.




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] o€ PETADIGTAEN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
}

%
@




MeTadiaracn

EmokemTopaoTe KGOe KOUPO, apou EXOUE
ETTIOKEPOEi o€ peTAdIATALN TO APICTEPD
Kal To O€Ci UTTOOEVOPO TOU.

%
@

PostOrder( KéupBog T ) {
Edv (T !=kevo ) {

}

}

PostOrder( Apiotepo_traudi(T
PostOrder( Acgi_1raudi(T) )
Emiokéwou(T)




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] o€ PETADIGTAEN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
}

%
@




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] G€ PETADIGTALN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
}

.
|




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] G€ PETADIGTALN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
}




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] G€ PETADIGTALN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

Emokéwou(T)

}
}




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] G€ PETADIGTALN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
}




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE] G€ PETADIGTALN TO APIOTEPOS Edv (T!=kev6){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
}

%
@




MeTadiaTtacn

EmokeTTopaoTe KGO KOUBO, APoU EXOUNE PostOrder( Koupog T ) {

ETTIOKEPOE o€ PETAdIATAEN TO APIOTEPD Eav (T!=kevo){ ,
Kal To Se€i UTTOBEVDPO TOU. PostOrder( ApioTtepd_traidi(T
PostOrder( Aggi_1rauidi(T) )

‘ Emokéwou(T)
}
I

%
@




MeTadiaracn

EmokemTopaoTe KGOe KOUPO, apou EXOUE
ETTIOKEPOEi o€ PETADIATALN TO APIOTEPOD
Kal To O€Ci UTTOOEVOPO TOU.

%
@

PostOrder( Kéupog T ) {
Eav ( T !=kevo ) {

}

}

PostOrder( Apiotepo_traudi(T
PostOrder( Aegi_1raudi(T) )
Emokéwou(T)




MeTadiaracn

ApiBunon £treira amd Tnv dIATPEEN.




AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..

QBnon

oo




AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..

E¢aywyn 1
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AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..

E¢aywyn 2
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AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..

E¢aywyn 3
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AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..




AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..
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AlQoXIon KATA oEIpA ETTITTEOWV

ApXIKQ eI0Qyoupe TNV pida o€ pia oupd. ‘ETTeiTa 600 n oupd OV Eival KEV
yia KAOe KOUPBO TTOU ETTIOKETITONACTE, EI0AYOUUE TOUG YEITOVEC TOU OTNV OUPA K.O.K..

(w

E¢aywyn 6




AlQoXIon KATA oEIpA ETTITTEOWV

ApiBunon £mmeimra amo Tnv dIAoXIoN KATA OEIPA ETTITTEOWV.

o e

°%e




“YWPocg 0evOopou

To UYWog evog KOUPBOU gival TO PNKOG TOU JAKPIVOTEPOU POVOTIATIOU CEKIVWOVTOG
aT1TO AUTOV TOV KOPBO Kal PTAVOVTAG O€ €va QUAAO.

To Uwocg TnG pidag €ival To UYPOGS Tou DEVOPOU.




“YWPocg 0evOopou

w
ol




Kwoikag og C

Int height (tree t) {
If (t==NULL) {
return O;
lelse {
return max( height(t->left), height(t->right) ) + 1;




Bdapoc d0Evopou

To BAapog evog kOPPou gival To TTARB0C TwWV UTTO KOUPBWYV TOu.

To Bapocg Tn¢ pidag gival To TTABOC OAWV TwV UTTO KOUBwWV.




Bdapoc d0Evopou




Kwoikag og C

Int weight( tree t) {
If (t==NULL) {
return O;
lelse {
return weight(t->left) + weight(t->right) + 1,




NAeiToupyiec Auadikou Agvopou Avalntnong

EAGXI0TO

MEyioTo

Avadntnon
Avadntnon K-ootou
Elcaywyn
Alaypaen

OAeC o1 Acttovpyieg exouv TtoAuTtAokotnta O( log(N) ), o€
TIEPITITWON OPUWCE TIOU TO dEVOPO JEV Eival ICOPPOTINUEVO

UTTOPOULPE va €xoupe O (N)




EAGxIOTO

YT1revoupion: m—

* To apioTepO UTTOOEVOPO EVOC KOUPBOU TTEPIEXEI HOVAXA KOUBOUG ME KAEIDIA
MIKPOTEPA aATTO TO KAEIDI TOU KOU[BOU.
Omdte LeKIvWVTAG ATTO TNV Pida, METABAiIVOUPE ETTAVOANTITIKA OTO APIOTEPO TTAIdI
TOU £WC OTOU O KOUPBOC TTOU EAEYXOUNE VA €XEI TO APIOTEPO TTAIdI TOU KEVO.




EAGXIOTO - TTApAOEIyUA

FindMin( KépBog T ) {
Ooo (Apiotepo_traidi(T) 1= kevo ) {
T = Apiotepd_traudi(T)
}
#ATTAvinon T
}




EAGXIOTO - TTApAOEIyUA

FindMin( KépBog T ) {
Ooo (Apiotepo_traidi(T) 1= kevo ) {
T = Apiotepd_traudi(T)
}
#ATTAvinon T
}




EAGXIOTO - TTOPAOEIVUA

FindMin( KépBog T ) {
Ooo (Apiotepo_traidi(T) 1= kevo ) {
T = Apiotepd_traudi(T)
}

#ATTAvinon T
}
i /‘:

To apioTepd TTaIdi Tou KOPPBoU gival
KEVO, OTTOTE OTAPATAUE TNV avalntnon.

E  avatraplioTd Tov KEVO KOUBOo




Kwoikag og C

tree FindMin (tree t) {
while ( t->left 'I= NULL ) {
t = t->left;
}

return t;




MevyioTo

YT1revoupion:
* To d&CIO UTTODEVOPO EVOC KOMUPBOU TTEPIEXEI HOVAXA KOUPBOUG ME KAEIDIA JEYAAUTEPQ

atro 10 KAEIDI TOU KONBOU.

Omdte LeKIvwvTag aTTo TNV pida, MeTaBaivoupe eTTavaAnTITIKG oTo O€CIO TTaIdi TOU

£WG OTOU 0 KOUPBOG TTOU EAEYXOUUE va €XEl TO OECIO TTaIOI TOU KEVO.




MeyioTo - TTapadElyua

FindMin( KépBog T ) {
Ooo (Apiotepo_traidi(T) 1= kevo ) {
T = Apiotepd_traudi(T)
}
#ATTAvinon T
}




MeyioTo - TTapadElyua

FindMax( KouBoc T ) {
Ooo (Agg_mraidi(T) = kevo ) {
T = Aggl_mraudi(T)
}
#ATTAvinon T
}

‘ ‘ To d€€i TTaidi Tou KOUPBOU gival KEVO,

OTTOTE OTANATAME TRV avalnTnon.

aAvaTTapPIOTA TOV KEVO KOUPBO




Kwoikag og C

tree FindMax (tree t) {
while ( t->right '= NULL ) {
t = t->right;
}

return t;




Avadntnon - Napadsiyua 1

Eupeuon Tng utrapgng tTng TIPAG 3

3 < 5, OTTOTE ETTIOKETTTONAOCTE
TO APIOTEPO UTTODEVOPO




Avadntnon - Napadsiyua 1

Eupeuon Tng utrapgng tTng TIPAG 3

3 > 2, OTTOTE ETTIOKETITOUOAOTE
TO O€E&i UTTOOEVOPO

%
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Avadntnon - Napadsiyua 1

Eupeuon Tng utrapgng tTng TIPAG 3

@

‘ ‘ 3 = 3, oTroTE UTTAPXEI N TIUN 3




Avadntnon - MNapaodeiypa 2

EUpeuon Tng uttapgng Tng TiuNg 4




Avadlntnon - Napadsiypa 2

EUpeuon Tng utrapgng NG TiunNg 4

4 < 5, OTTOTE ETTIOKETTTOUAOTE
TO APIOTEPO UTTODEVOPO




Avadlntnon - Napadsiypa 2

EUpeuon Tng utrapgng NG TiunNg 4

4 > 2, OTIOTE ETIOKETITOPOOTE i

TO O€E&i UTTOOEVOPO

%
® O




Avadlntnon - Napadsiypa 2

Eupeuon Tng utrapgng tTng TIPAG 3

@

4 > 3, omroTE B ETTPETTE VO
ETTIOKEPOOUNE TO BELi UTTOOEVOPO,
ETTEION OMWG Eival KEVO, N TIMN 4 dgv
UTTAPXEL.

E  avatraplioTd Tov KEVO KOUBOo




Eicaywyn

H sicaywyn evog KOUBOUL ViIvETal w¢ €ENC

o APXIKQ TIPETIEI VA BPOVLUE TNV BEON TIOL TIPETIEI VA UTIEL TO
VEO OTOIXEIO

« Edv vttapxel Ndn, TOTE dEV KAVOULUE KATI

* EQv OpwC dev LTTIAPXEL, TOTE KATAANYOLUE o€ Evav null
OUVOECIO OTIOU KOl KAVOULUE TNV Eloaywyn.




Eicaywyn — Napdadeiyua 1

Eicaywyn 1nG Tiung 4

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

Eicaywyn 1nG Tiung 4

4 < 5, OTTOTE ETTIOKETTTOUAOTE
5 70 apIoTEPS UTTOBEVDPO

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

Eicaywyn 1nG Tiung 4

4 > 2, OTTOTE ETTIOKETITOUAOTE
TO O€E&i UTTOOEVOPO

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

Eicaywyn Tng TIuNnG 4.

4 > 3, OoTTOTE EI0AYOUUE TNV TINA OTO
Oegi UTTOOEVOPO

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.
@ avatmaploTd Tov KEVO KOPBOo




Eicaywyn — Napdadeiyua 1

Eicaywyn 1ng TIuNG 4.
A@ouU gloayaue TNV TIUN 4, TWPA ATTOMEVEI VA EVNUEPWOOUNE TO UOVOTTATI.

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

Eicaywyn 1ng TIuNG 4.
A@ouU gloayaue TNV TIUN 4, TWPA ATTOMEVEI VA EVNUEPWOOUNE TO UOVOTTATI.

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

Eicaywyn 1ng TIuNG 4.
A@ouU gloayaue TNV TIUN 4, TWPA ATTOMEVEI VA EVNUEPWOOUNE TO UOVOTTATI.

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

Eicaywyn 1ng TIuNG 4.
A@ouU gloayaue TNV TIUN 4, TWPA ATTOMEVEI VA EVNUEPWOOUNE TO UOVOTTATI.

'
e
RE

1

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Eicaywyn — Napdadeiyua 1

AEvOPO PETA TNV EI0AQYWYN TNG TIMAG 4.

2Ta bold ypduuaTta kaBe kOpBou gaiveTal To TTANB0C TWV UTTOKONBwWYV Tou + 1.




Kwoikag og C

Int TreeSize(tree T) {
return T == NULL ? 0 : T->cnt;

void UpdateCnt(tree T ) {

if(T){
T->cnt = 1 + TreeSize(T->left) + TreeSize(T->right);




Kwoikag og C

tree insert (tree t, int x) {
if (t==NULL) {
tree n = new tree_element;
n->data = x;
n->cnt = 1;
n->left = n->right = NULL;
return n;
}
if (x <t->data) {
t->left = insert(t->left, x);
lelse if ( x > t->data ) {
t->right = insert(t->right, x);
}
UpdateCnt(t);
return t;




Alaypagn

‘Eotw t 0 KOPBOC TToL BEAOLUE VA dlayPAYPOUUE, TIPETIEL VO
AQBoupe vTTOWIV TIC €ENC TPEIC TIEPITITWOEIC:

Eav o t dev £xel KABOAOUL TTAIIA, ATIAQ TOV dIAYPAPOULIE.

Edv o t xel povaxa Eva Tta1di, TOTE dlAypPAPOUVE ToV t Kal
OUVOEOVE TO JOVODIKO TTaIdI PME TOV TIATEPO TOU t.

Eav ot £xel dVO TTadIA TOTE:
)BpiokoupE ToV HIKPOTEPO KOUPBO oTto de€i LTT0OEVOPO ToL t E0Tw K
Alaypag@oupue tov k

lil) AVTIKOBIOTOUE TNV TIPA TOUL t PYE TNV TIK Tou K




Alaypapn — Nepitrtwon 1

Alaypar) TnG TIUAG 4.

4 < 5, OTTOTE ETTIOKETTTOUAOTE
TO APIOTEPO UTTODEVOPO




Alaypapn — lNepimmrwon 1

Alaypar) TnG TIUAG 4.

4 > 2, OTTOTE ETTIOKETITOUAOTE
TO O€E&i UTTOOEVOPO

@

%
@




Alaypapn — Nepitrtwon 1

Alaypar) TnG TIUAG 4.

@

/

4 > 3, OTTOTE ETTIOKETTTOUACTE TO
0egi UTTOOEVOPO




Alaypapn — lNepimmrwon 1

Alaypar) TnG TIUAG 4.

Aev tTepIEXEl TTaIdIA. OTTOTE ATTAG
TOV OlayPAPOULE.




Alaypapn — Nepitrtwon 1

AEvOpPOo peTa TNV diaypar) TnNG TINAG 4.




Alaypapn — lNepitrTwon 2

Alaypa@r) TnG TIUAG 3.

3 < 5, OTTOTE ETTIOKETTTONAOCTE
TO APIOTEPO UTTODEVOPO




Alaypapn — lNepitrTwon 2

Alaypa@r) TnG TIUAG 3.

3 > 2, OTTOTE ETTIOKETITOUOOTE
TO O€E&i UTTOOEVOPO

@

%
@




Alaypapn — lNepitrTwon 2

Alaypa@r) TnG TIUAG 3.

@

‘Exel éva mraidi, otroTe dlaypAa@ouue Tov KOUBo
3 KAl OUVOEOUE TOV KOUPBO 4 TTAEoV WG TTaIdi
TOU KOMPBou 2.




Alaypapn — lNepitrTwon 2

AEvOpPO peTa TNV diaypar) TnNG TIMAG 3.




Alaypagn — lNepirtwon 3

Alaypa@r) TNG TIUAG 2.

2 < 5, OTTOTE ETTIOKETITOUOAOTE
TO APIOTEPO UTTODEVOPO




Alaypagn — lNepirtwon 3

Alaypa@r) TNG TIUAG 2.

‘Exel 2 TTaudid, oTroTe BPioKOUlE i

TNV MIKPOTEPN TIMN, OTO OECi
UTTOOEVOPO TOU KOUBoU 2
TTOU €ival To 3, £TTEITA

dlaypPAPOUNE TOV KOUPBO 3 /
Kal EQapuoleTal n e

TTepITITwaon 2. TEAOg ‘ EAGxioTO OTOIXEIO TOU OECIOU
QaVTIKaBIoTOUUE TNV UTTOOEVOPOU TOU KOUBOoU 2.
TIUR TOU KOPBoU 2

ME TNV TIUA Tou KOuPBou 3




Alaypagn — lNepirtwon 3

AEvOPO peTa TNV diaypar) TnNG TIMAG 2.




Avalntnon k-ooTtou

[0 va aTtavtooLPE OTO EpwTnUa tov k-ootov Ba
UTTOPOVOOUE VO Kavoupe pia daoxion inOrder og O(N).
EKUETOAEVLOPAOTE OPWC TIC IOIOTNTEC TOL OLADIKOL OEVOPOU
TIOU O€ KOBE KOUPBO a@rvel TIC MIKPOTEPEC TIMEC OTO
OPIOTEPO TIAIDI KOl TIC EYOAUTEPEC TIUEC OTO OEEI0
OKOAOLOWVTOC TOV AKOAOVBO aAyOpIBLO.




Avalntnon k-ooTtou

1. ZeKIVWVTAC aTTO TNV PICO(T) EAEYXOULUE TOV APIOPO TWV KOUPBwWV
OTO OPIOTEPO TIAIOI.

2. Edv 10 k = NUM( left_subtree(T) ) + 1, T01€ BprKOUE AUTO TIOU
PAXVOULIE.

3. Eav k > NUM( left_subtree(T) ) + 1, TOTE UTTOPOLPE VO
OYVOr|OOUUE TO OPIOTEPO LTTOOEVOPO ETIEIDN TA OTOIXEIO Ba ival
UIKPOTEPQ aTTtO TO K-00TO OTOIXEIO. 'ETOl, ETIIAVOLUE TO TIPOBANUA
OVOOPOUIKA OTO 010 LTTOOEVOPO Yia k' = k - NUM( left_subtree(T) )
OTOIXEId.

4. Eav k < NUM( left_subtree(T) ) + 1, t10t€ n amavinon Bpioketal
KATIOU OTO OPIOTEPO LTTOOEVOPO KOl AUVOUUE TO TIPOLBANUO
OVOOPOUIKA OTO OPIOTEPO UTIOOEVOPO.




Avalntnon k-ooTtou

AC TO OOUE OVOAUTIKOTEPOQ.




Avalntnon k-ootou — Napadeiyua 1

Avadnitnon 4ou oToIXEioU E——

To apioTePO UTTOOEVOPO £XEl 3 OoToIXEia + 1
( 11O peTPATAI KAI TNV pida ), ETTEION
K =4 n Ty TTou YAXVoUE gival 1O 5.




Avalntnon k-ootou — Napadeiyua 2

Avadntnon 5ou oToIxEiou

To apIioTEPO UTTOOEVOPO £XEl 3 oToIXEIO + 1
( eTTEION METPAUE TNV pida ), OpWG 4 < 5=K,
OTTOTE N ATTAvVTNON BPIOKETAI OTO OECI
UTTOOEVOPO Kal AUvouE TO TTPOBANUa
avadpouika yia k' = k-4 = 5-4 =1




Avalntnon k-ootou — Napadeiyua 2

Avadntnon 5ou oToIxEiou

To apioTePO uttodEVOPO £xel O oToixeia + 1
(eTT€10r] METPATAI O iD10C O KOUPBOG) KAl
emreIdn 1 = k' n ammavrnon €ivai o idiog
KOMPBOG TTOU €ival 1o 7.




Avalntnon k-ootou — lNapadsiyua 3

Avadnitnon 3ou oToIXEiou
To apioTePO UTTOOEVOPO £XEl 3 OoTOoIXEIa + 1
( €TI0 peTPATAI KAl N pida ), ETTEION
4 > 3, n amdvrnon BpioKeTal KATTOU OTO APIOTEPOD
UTTOOEVOPO




Avalntnon k-ootou — lNapadsiyua 3

Avadnitnon 3ou oToIXEiou

0

To aploTePO UTTOOEVOPO £XEl 1 oTOoIXEIO + 1
( eTTEId) METPATAI O iDI0OC O KOMPOG ), ETTEION
2 < 3=k, n atravrnon Ppiokeral 01O OECi
UTTOOEVOPO Kal AUVOUUE TO TTPORANUa
AvAOPOMIKA OTO DECIO UTTOOEVOPO Yia
K'=k-2=3-2=

3 1
1

0




Avalntnon k-ootou — lNapadsiyua 3

Avadnitnon 3ou oToIXEiou

To apioTepsd uTTodEVOPO €XEl O oToIXEia + 1
( eTTe1d) peTPATAI O idI0G O KOUBOG ), ETTEION

1 =K', n amravrnon €ivai o id1og 0 KOPROC,
dnAadr) 1o 3




Kwoikag og C

tree FindKth(tree T, int k) {

if (TreeSize(T) <k)
return ( NULL );

int sz = 1 + TreeSize(T->left);
if(sz==k){

return (T);

if(sz<k){
return FindKth( T->right, k-sz );

return ( FindKth(T->left, k) );
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