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@ To heapsort npordenke 1o 1964 and tov Williams.
@ H oxeTikr| épeuva enikevipwenke :

o Karackeur Tou heap (Build-Heap) - (Wegener, (1993))

o Enmavagpopd 1ng 151d1nTag Tou cwpou Heapify- (Schaffer and
Sedgewick, (1993))

e Xtnv doun Tou cwpou - (Edelkamp and Wegener, (2000))
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@ To heapsort npordenke 1o 1964 and tov Williams.
@ H oxeTikr| épeuva enikevipwenke :

o Karackeur Tou heap (Build-Heap) - (Wegener, (1993))

o Enmavagpopd 1ng 151d1nTag Tou cwpou Heapify- (Schaffer and
Sedgewick, (1993))

e Xtnv doun Tou cwpou - (Edelkamp and Wegener, (2000))

@ Xpnon NOAA®WV CWPWV avri yia evog.
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@ Enikevrpwvopaote oty diadikacia eEaywyng Tou enduevou
oToIxeiou

@ lMapoucidloupe duo TpononoiNcelg Tou alyopiBuou Tou Williams

@ YKonodg pag eival aAATovTag PIKPO HEPOC TOU KWAIKA

e Alampnon Tng 1314TNTag tagivounong in-place
o Taxurepn efaywyr TENKOU anoteAECHATOG
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eap Opioudg

Heapify
Build-Heap

Oploudeg
‘Evag owpdG (min-heap) eivar évag nivakag oroixeiwv g;, 1 < j < n
rou IKavoroiei TNV ovoToVvIKn 1816TNTa ovorariou (oath-monotonic
property): a; > ajviaj=2,3,...,n ériou | x| eival To aképaro

Ve 2 A ’
uriéAoirio Tou fpayuarnkoU apiuou x
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eap Opioudg

Heapify
Build-Heap

Mapddelyua

Ye pyopor dévipou:

Ye yop@n nivaka:

[1]2]5]3]13]21]8]
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Opiopdg
Heapify
Build-Heap

Bewpouue éva rivaka A kai tov deikin i. Ta urnodEévipa nou Exouv we
pi¢a Toug 1a naidida tou Ali] eivai 1dn cwpoi, ald 1o idio To Sévipo e
pi¢a o Ali] urnopei va napapidder mv idiémra tou cwpou. H diadikaocia
Heapify kdvel nig anapaiinre¢ alayég wore 1o 5évipo ue pia 1o Ali]
va yivel cwpdg.
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Heap

Opiopdg
Heapify
Build-Heap

MnopouUue va xpnoidonoiricouue Ty cuvdprinon Heapify ue uia
MPooEyyion and KArw rnpog 1a navw (bottom-up) wore va
uerarpéoupe éva nivaka A[1..n] oe éva cwpd. Apou 6Aa Ta oroixeia
orov unoriivaka A[| 5 | + 1..n] eivar pUAAa, n build_heap eriokénreral
TOUG UndAoInouc KAUBouG kal KaAei Tnv Heapify oe kdBe évav.
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Heapsort Nwg Souleel
1516m1eg

Heapsort - MNwg douAeuel

@ Anuioupyia evog cwpou heap - (Build-Heap)
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Heapsort Nwg Souleel
1516m1eg

Heapsort - MNwg douAeuel

@ Anuioupyia evog cwpou heap - (Build-Heap)
@ EUpeon pikpdtepng TG (root)
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Heapsort Nwg Souleel
1516m1eg

Heapsort - MNwg douAeuel

@ Anuioupyia evog cwpou heap - (Build-Heap)
@ EUpeon pikpdtepng TG (root)
© Evalayn ye 10 teleuraio arafivounto oroixeio (PUANO Tou CwpoU)
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Heapsort Nwg Souleel
1516m1eg

Heapsort - MNwg douAeuel

@ Anuioupyia evog cwpou heap - (Build-Heap)
@ EUpeon pikpdtepng TG (root)
© Evalayn ye 10 teleuraio arafivounto oroixeio (PUANO Tou CwpoU)

© Enavagopd g 1810t 1ag Tou owEoU yia Ta UNGAOING aragivounta
oroixeia péoa oro array (heapify)
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Heapsort Nwg Souleel
1516m1eg

Heapsort - MNwg douAeuel

o
Q
o
o

Anuioupyia evog cwpou heap - (Build-Heap)
EUpeon uikpdtepng TIUNG (roof)
EvaA\ayr| ue 1o teheutaio aragivounto otoixeio (UANO Tou cwpoU)

Enavagpopd g 1516TNT1ag Tou cwpou yia Ta undloina aragivéunta
oroixeia péoa oro array (heapify)

o

Enavaanyn tng diadikaciag and 1o 20 Bripa Péxpl va Tagivoun8ouyv
S\a Ta oToIXEia TOU MivaKa.
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

Ye Jop@n nivaka:

[1]2]s][3][11]13]7]
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

(7]2]s]s[n[]1]

Ye Jop@n nivaka:
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

(2]7]s]3[m[]1]

Ye Jop@n nivaka:
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

(2][3]sf7[m[s]1]

Ye Jop@n nivaka:
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

[3]3]sf7[n]2]1]

Ye Jop@n Mivaka:

A. AeBeviéag - X. ZapoNidykng Heapsort Using Multiple Heaps



Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

(3[3]sf7[n]2]1]

Ye Jop@n Mivaka:
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1516m1eg

Mapddelyua

Ye pyopor dévipou:

(3[7]s[w[nf2]1]

Ye Jop@n nivaka:
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

Ye pyopor dévipou:

(n]7]sf[w]s]2]1]

Ye Jop@n Mivaka:
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

MEOXWPWVTAG MAPOUOIWG EXOUUE OTAdIOKA:

@[s5]7[nj13[[3]2]1]
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

MEOXWPWVTAG MAPOUOIWG EXOUUE OTAdIOKA:
@(s5[7[nn]13[3]2]1]
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1516m1eg

Mapddelyua

MEOXWPWVTAG MAPOUOIWG EXOUUE OTAdIOKA:
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Heapsort Nwg Souleel
1516m1eg

Mapddelyua

MEOXWPWVTAG MAPOUOIWG EXOUUE OTAdIOKA:
@(s5[7[nn]13[3]2]1]
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Q Kal TéNog éxoupe TaEiVouNPEVOUG TOUG eMMa MPWToUS apiBuouUs
(13[nnj7[s][3][2]1]
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Heapsort MNwg Soulelel
1516mTeg

Heapsort - 15161n1EQ

@ Ta&ivounon in-place
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Heapsort MNwg Soulelel
1516mTeg

Heapsort - 15161n1EQ

@ Ta&ivounon in-place

@ Tafvéunon oe O(nlog n)
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Heapsort MNwg Soulelel
1516mTeg

Heapsort - 15161n1EQ

@ Ta&ivounon in-place
@ Tafvéunon oe O(nlog n)

@ Aouuntwrkd BEATIOTO yia ornolodnnoTte aAyopiBuo Tagivounong
Baciopévo oe ouykpioeig (nlog n)
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Heapsort using 2 heaps Eicayayn

Heap - Maparnpnoceig

@ Yndpxouv did@opol Tednol nou unopoUue va eEeTdcoupne évav
cwpd
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Heapsort using 2 heaps Eicayayn

Heap - Maparnpnoceig

@ Yndpxouv did@opol Tednol nou unopoUue va eEeTdcoupne évav

cwpd
. (9)
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Heap - Maparnpnoceig

@ Yndpxouv did@opol Tpdnol nou unopoule va eEetdocoupne évav
ocwpd
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Heapsort using 2 heaps Eicayayn

Heap - Maparnpnoceig

@ Avadpopiki Mpoceyyion - Metd and v agaipeon g piag evog
heap 1a dévrpa nou oxnuari{ovial anoteholv avefdptnta heaps
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Heap - Maparnpnoceig

@ Avadpopiki Mpoceyyion - Metd and v agaipeon g piag evog
heap 1a dévrpa nou oxnuari{ovial anoteholv avefdptnta heaps

@ Ye uop@n dévipou:
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Heapsort using 2 heaps Eicayayn

Heap - Maparnpnoceig

@ Avadpopiki Mpoceyyion - Metd and v agaipeon g piag evog
heap 1a dévrpa nou oxnuartilovial anotehouv avetdptnta heaps

@ Ye pop@n dévipou:
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Heapsort using 2 heaps Eicayayn

Apxikn 10€a - Xprion duo cwpwv

@ Mertd v agaipeon g piag To endpevo oToixeio Ba eivail n pila
evég anod ta duo heaps
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Apxikn 10€a - Xprion duo cwpwv

@ Mertd v agaipeon g piag To endpevo oToixeio Ba eivail n pila
evég anod ta duo heaps

@ Anarreital uOAIG pia oUyKpion
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Heapsort using 2 heaps Eicayayn

Mepikr Xprion duo cwpwv

@ Mertd v agaipeon g piag To enduevo oToixeio Ba eivail n pila
evég anod ta duo heaps

@ Anarreital uOAIG pia oUyKpion

R0
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Heapsort using 2 heaps Eicayayn

Mapddelyua

@ Xradiakn enavacUoracn Tou cwpouU

(12) ®
©
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Heapsort using 2 heaps Eicayayn

Mapddelyua

@ Xradiakn enavacuoracn Tou CwpouU

) ®
ORNO
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Heapsort using 2 heaps Eicayayn

Mapddelyua

@ Metagopd TeAeuraiou oroixeiou otnv pila
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Heapsort using 2 heaps Eicayayn

Mapddelyua

@ Teleurdio Briua enavagopdg NG cwpouU
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Heapsort using 2 heaps Eicayayn

MapatnenoeIg

@ ‘ONeg o1 18161NTEC Tou heapsort diatnpouvral
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Heapsort using 2 heaps Eicayayn

MapatnenoeIg

@ ‘ONeg o1 18161NTEC Tou heapsort diatnpouvral

@ Me pia ouykpion, TonoBeToule To CToIXEio otV pila evog heap pe
HIKpSTEPO Uog
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Heapsort using 2 heaps Eicayayn

MapatnenoeIg

@ ‘ONeg o1 18161NTEC Tou heapsort diatnpouvral
@ Me pia ouykpion, TonoBeToule To CToIXEio otV pila evog heap pe

HIKpSTEPO Uog
@ Ita uicd Briuara (iterations) duwg, dev éxel aAdEel Tinota
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MpopAfuara
Mpordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

Xpnon N cwpwv - N\ApNg agionoinon

@ Xpnon SAwWV TwV CwPwV o€ OAd Ta BAPATA TOU AAyopIiBuoU
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Xprion NOAAGNAGV CWP®OV SR =S

Xpnon N cwpwv - N\ApNg agionoinon

@ Xpnon SAwWV TwV CwPwV o€ OAd Ta BAPATA TOU AAyopIiBuoU

@ Ikondg: Meyiotonoinon k€pdoug oe anddoon
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Xprion NOAAGNAGV CWP®OV SR =S

Xpnon N cwpwv - N\ApNg agionoinon

@ Xpnon SAwWV TwV CwPwV o€ OAd Ta BAPATA TOU AAyopIiBuoU
@ Ykondc: Meyiotonoinon képdoug oe anddoon

@ Mapdnieupo k€EPdog: Eupdvion duvaromtwy napailnionoinong

A. AeBeviéag - X. ZapoNidykng Heapsort Using Multiple Heaps



MpopAfuara
Mpordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

MpoBAAuaTa

@ Aiampnon g 1ID16TNTag TG Tagivounong in-place
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. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

MpoBAAuaTa

@ Aiampnon g 1ID16TNTag TG Tagivounong in-place

o Opydvwon Cwpwv o€ HoP@N Mivaka
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MpopAfuara
Mpordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

MpoBAAuaTa

@ Aiampnon g 1ID16TNTag TG Tagivounong in-place
o Opydvwon Cwpwv o€ HoP@N Mivaka

@ AnoTreAeouarTikn eUpeon TwV PUAAWY TWV CWPWV
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MpopAfuara
Npordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

MpwTtn okéyn

@ O évag ocwpdg Uetd Tov ANo avetdptnra
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MpopAfuara
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. . . AVAA Ké
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MpwTtn okéyn

@ O évag ocwpdg Uetd Tov ANo avetdptnra

@ Arnotuyxavel
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MpopAfuara
Npordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

MpwTtn okéyn

@ O évag ocwpdg Uetd Tov ANo avetdptnra
@ Arnotuyxavel

@ Mévouv “kevd” aviueoa oG cwpoug
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MpopAfuara
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. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

Mpoteivouevn Auon

@ [MoAUNAEEN TV CWPWV
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MpopAfuara
Npordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

Mpoteivouevn Auon

@ [MoAUNAEEN TV CWPWV
@ [MNpoodiopiouds NadIwV

o Apiotepd naidi: 2i + N

o Aefinaidi: 2i + N+ 1
, i—N
o loviog: LTJ
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MpopAfuara
Npordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

ANyOPIBUOG

@ Anuioupyia N cwpwv heap - (Build-Heap)
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. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

ANyOPIBUOG

@ Anuioupyia N cwpwv heap - (Build-Heap)
@ EUpeon pikpdtepng pitag (root)
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MpopAfuara
Npordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

ANyOPIBUOG

@ Anuioupyia N cwpwv heap - (Build-Heap)
@ EUpeon pikpdtepng pitag (root)
@ Evalayn pe 1o teleutaio aragivounto oToixeio
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MpopAfuara
Npordoeig

, . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

ANyOPIBUOG

@ Anuioupyia N cwpwv heap - (Build-Heap)
@ EUpeon pikpdtepng pitag (root)
@ Evalayn pe 1o teleutaio aragivounto oToixeio

@ Kanon heapify pdvo oto éva dévipo
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MpopAfuara
Npordoeig

. . . AVAA Ké
Xprion NOAAGNAGV CWP®OV SR =S

ANyOPIBUOG

@ Anuioupyia N cwpwv heap - (Build-Heap)

@ EUpeon pikpdtepng pitag (root)

@ Evalayn pe 1o teleutaio aragivounto oToixeio
@ Kanon heapify pdvo oto éva dévipo

@ Enavdaanyn g diadikaciag and 1o 20 BAua péExp! va TagivounBouv
4Aa 1a croixeia
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MpopAfuara
Mpordoeig

Xprion NOAAANAGY CWP@V gabucniiogious

AvAaluon Kootoug

o N — 1 ocuykpioelg yia TV elpeon NG UIKpSTEPNG PIRAg
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MpopAfuara
Mpordoeig

Xprion NOAAANAGY CWP@V gabucniiogious

AvAaluon Kootoug

o N — 1 ocuykpioelg yia TV elpeon NG UIKpSTEPNG PIRAg
@ log(n+ N) — log N 10 UJog k&Be heap
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MpopAfuara
Mpordoeig

Xprion NOAAANAGY CWP@V (AT LT

AvAaluon Kootoug

o N — 1 ocuykpioelg yia TV elpeon NG UIKpSTEPNG PIRAg
@ log(n+ N) — log N 10 UJog k&Be heap

@ KAaon heapify uévo oto éva dévrpo
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MpopAfuara
Mpordoeig

Xprion NOAAANAGY CWP@V gabucniiogious

AvAaluon Kootoug

N — 1 cuykpioelg yia TV elpeon NG UIKpdTEPNG PIkag
log(n 4+ N) — log N 10 UoG k&Be heap
KAon heapify pdvo oto éva dévipo

Képdoc nepinou 10% o€ ouoIduoPPn KATAVOUA TUXAIWVY TIUGWV JE
OXETKA eyANo NARBOG CToIXEIWV
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