Quicksort

EnipeAeia diapaveiwv: A. DOTAKNG
MikpoaAAayec: A. MNayoupTlnc

> XoAn HAekTpoAOYywV MnXxavikwyv
Kal Mnxavikoyv YNoAoYIoTWY

EBvikO MeTooBio MoAuTexveio




Quicksort [Hoare, 62]

O >T1oixeio diaxwpiopou (pivot), n.x. NpwTo, TUXAIO, ...

O Avadiata&én kal diapepian €10000uU o€ dUO UNo-akoAouBiec:
B >TOIXEia aploTEPNC UNO-akKoA. < oTolxeio dlaxwpliohou.
B >ToiIxeia O€l1Ac uno-akoA. > oToIxEio dlaxwpliouou.

O Ta&vounon uno-akoAouBiwv avadpopikd.

O AkoAoubia Ta&ivounuevn — oxl cuvBeon!
quickSort(int A[], int left, int right) ({

if (left >= right) return; // At most 1 element
q = partition(A, left, right);

quickSort (A, left, q);

quickSort (A, g+l, right); }
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Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
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Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
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Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
B Av Ocv £xouv e€eTaoTei OAa Ta artoixeia (i < j):
avTipeTaBeon(A[i] , A[j]) kal ouvexela.
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AAyOp1Buor & MoAunAokoTnTa (Xelpwvag 2017) Quicksort 5



Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
B Av Ocv £xouv e€eTaoTei OAa Ta artoixeia (i < j):
avTipeTaBeon(A[i] , A[j]) kal ouvexela.
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Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
B Av Ocv £xouv e€eTaoTei OAa Ta artoixeia (i < j):
avTipeTaBeon(A[i] , A[j]) kal ouvexela.
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Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
B Av Ocv £xouv e€eTaoTei OAa Ta artoixeia (i < j):
avTipeTaBeon(A[i] , A[j]) kal ouvexela.
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Alauepion

O >Toixeio diaxwpiopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :
B >apwon ano apiotepa (pe dsiktn i) pexpl A[i] = pivot.
B >apwon ano o0g€ia (Pe deiktn j) pexp! A[J] < pivot.
B Av Ocv £xouv e€eTaoTei OAa Ta artoixeia (i < j):
avTipeTaBeon(A[i] , A[j]) kal ouvexela.

B Av £xouv €EsTaoTel OAQ: enioTPOPN opiou diaxwplioUou
(deikTn j).
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Alauepion

O >Toixeio diaxwplopou (pivot), n.x. npwTo, TUXAIO, ...
OO0 AlauEpion O€ £va nepaocua :

>apwaon ano apiotepa (pe osiktn i) pexpt A[i] = pivot.
>apwon ano 0g&ia (pe deiktn j) pexpt A[J] < pivot.

Av dev €xouv €€eTaoTei OAa Ta oToixeia (i < j):
avTipeTaBeon(A[i] , A[j]) kal ouvexela.

Av £xouv €EeTaoTel OAQ: €niOTpOPn opiou diaxwplopou
(deikTn j).
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Alauepion
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Alauepion
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2toyeio otympiopov : 13
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Alauepion
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2toyeio otympiopov : 13
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Alauepion
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Alauepion
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2101 El0 Otympiouov : 13
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Alauepion
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Alauepion

2101 El0 Otympiouov : 13
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Alauepion

partition(int A[], int left, int right) {
int pivot = A[left]; i = left - 1; j = right + 1;
while (1) {
while (A[++i] < pivot) ;
while (A[--j] > pivot) ;
if (i < j) swap(A[i]l, A[3j]):
else return(j); } }
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Alauepion

partition(int A[], int left, int right) {
int pivot = A[left]; i = left - 1; j = right + 1;
while (1) {
while (A[++i] < pivot) ;
while (A[--j] > pivot) ;
if (i < j) swap(A[i]l, A[3j]):
else return(j); } }
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Alauepion

partition(int A[], int left, int right) {
int pivot = A[left]; i = left - 1; j = right + 1;
while (1) {
while (A[++i] < pivot) ;
while (A[--j] > pivot) ;
if (i < j) swap(A[i]l, A[j]):
else return(j); } }
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Alauepion

partition(int A[], int left, int right) {
int pivot = A[left]; i = left - 1; j = right + 1;
while (1) {
while (A[++i] < pivot) ;
while (A[--j] > pivot) ;
if (i < j) swap(A[i]l, A[j]):
else return(j); } }

10 17 12 6 19 23 8 5

2totyelo oympiouov : 10
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Alauepion

partition(int A[], int left, int right) {

int pivot = A[left]; 1 = left -
while (1) {

1; 3
while (A[++i] < pivot) ;
while (A[--j] > pivot) ;
if (i < j) swap(A[il, AI[ljl):
else return(j); } }
518631211923 (17|10

2totyelo oympiouov : 10

right + 1;
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AvaAuon Alaxwpiouou

O OpBotnta partition :

B AlaTnpEl KAl ENEKTEIVEI APIOTEPN NEPIOXN UE OTOIXEIa < pivot
Kal O0e€1a NepioXn UE OTOIXEIa > pivot.
A[/] = pivot : aploTepn neploxn orauaTta oTto i-1.
A[j] < pivot : d€&ia neploxn oTrapata oTto j+1.
—EVEC MEPIOYEC : AVTIMETABEDON OTOIXEIWV KAl OCUVEXEIQ.
EnikGAuwn : oAokAnpwaon diapepionc.
TeAIka Ta oToIXEia aploTepa < pivot kal Ta oToixeia do€€ia >
pivot, onwc¢ anaiTeital.

[0 Kabe nepioxn = 1 oroixeio. Quicksort teppaTidel.
(1 < onueio diaxwpiopgou < n — 1)
B  AnapaiTnTa: i Kal j orapgatouv oto pivot.
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AvaAuon Alaxwpiouou

OO0 Xpovoc ekteAeonc partition :
B Kabe oToiXEio OUYKpIvETAl PUE pivot pia popa
(eKTOC ano oTolIXEia ekaTEpwOeV onueiou XwpPIoHoU).
B TeAlkd /i kKal j «d€ixvVouv» €iTE YEITOVIKEC €iTE 1010 Beon
yiaTi Onou nepaoce 1o i Oev ouvexilel J.

B Xpovocg ekTeAeonc partition yia n oToixeia = O(n).
O Meta Tov dlaXxwpiopo, oToixeia dev aAAalouv «nNAsupa»
(ONA. aploTepa Pevouv apioTepa, 0e€la pevouyv Oe€la).
0 Ynapxouv NOAAEC AAAEC poppec dlapepiong, n.X. pivot
naipvel TeAIkn Tou B€on oTov nivaka, diaipeon ora Tpia, ...
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort

> ( 2 1 8 3 6 4
. A | 8 [ 6 5
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Napadeiypa Quicksort

> ( 2 1 8 3 6 4
. A | 8 [ 6 5
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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Napadeiypa Quicksort
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OpBoTnTta Quicksort

O Anodei&n opboTntac partition :
B TeppaTiopoc : peyeboc uno-akoAouBiwv < n — 1.
B Ta&vounon :
O ApioTepa oTolxeia < pivot < 0g€la oToixeia.

O Enaywyika, aploTepn nepioxn kal 0€ia neploxn
Ta&IvounUEVEC.

O >uvoAika, nivakac Ta&ivounuevoc.
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Xpovoc EkTeAeonc (x.n.=xelp.nep.)

[0 Xpovoc ekTeA. avadpouikwyv aly. JE d1aTUNwWOonN Kal Auon
avadpopiknc eEiowaonc.
0 Xpovoc ekTeAeonc partition(n oroixeia) : O(n)
O T(n) : xpovoc (x.n.) yia Ta&ivounon n oToIxXEinv.,
B O(n) : avadiata&én kal dlaipeon €100d0uU.
B T(k) : Ta&ivounon apiotepou TUNMaToc (k oToixeia).
B T(n- k) : Ta&ivounon 6e€iou Tunpartoc (n — k oTtoixeia).
T(n)=0n)+ max {T(k)+Tn—=Fk)}, T(1)=06(1)

1<k<n—1
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Xpovoc EkTeAeonc (x.n.)

T(n) =0(n)+ max {T(k)+T(n—-Fk)}, T(1)=06(1)

1<k<n-—1
0 XelpoTtepn nepintwon : K =1 n k =n - 1 (o€ kaBe KAnon).

B QualaoTika dgv yivetal diaipeon (Hovo avadiataén) !
B Partition «BonBasl eAaxioTa» Tov aAyopibpo.

Tn)=06n)+Tn—-1)+T1), T(1)=0601)
T(n)=0n)+0n—-1+60(n—-2)+---+6(1) = 0(n?

O Zmiypiotuna nou quicksort xpeialeral xpovo Q(n?);
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Xpovoc EkTeAeonc

O KaAuTepn nepintwon : kK = n / 2 (og kaBe kAnon).
B QuolaoTika TeA€la dlaipeon !
B Partition «BonBdsl Ta peyioTa» !

T(n) =2T(n/2)+0(n) = T(n) = 0(nlogn)
O Av min{k,n —k} > n/4 (nepinou idio Yey£BoC)
T(n)=0(n)+T(n/4) +T3Bn/4) = T(n) =06 (nlogn)
O XelpoTepn Kal KaAUTeEpN NepinTwon €EAIPETIKA ONaAvieg !

Av Tuxaio oToixeio pivot,
mBavoTnTa diaipeonc (n/ 4, 3n/4) n kaAutepnc>1/2 !

O

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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MBavoTikn Quicksort

[

Tuxaio oToIxeio gav aToIXEIo Xwplopou (pivot).
Ma kabe k € [n — 1],
nibavoTrnta olaipeonc (k, n = k) =

[

1

n—1

randomQuickSort (int A[], int left, int right) {

if (left >= right) return; // At most 1 element
pivot = random(left, right);

swap (A[left], A[pivot]);

q = partition(A, left, right);
randomQuickSort (A, left, q);

randomQuickSort (A, g+1, right); }
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Xpovoc EkTeAeonc (U.n.=pEC.NEP.)

S(n)=O(n) + - = 1 ni[S(k) + S(n — k)]
=6= n—lZS

O Auon avadpopng : S(n) = O(nlogn)
AUTOC 0 XpOVOC eKTEAEONC LE PeyaAn niBavoTnTa !
O MMBavotnTta diapepionc (n/ 4, 3n/4) N kaAutepnc=>1/2 !
B Katd «uygoo opo», kabe 2 enineda oTo OEVTPO TNG
avadpopune, EXOUHE «EMITUXNUEVN>» OlANEPION.
B >¢& kabe eninedo, ouvoAIKOC Xpovoc diapepionc O(n).

B O(nlogn) and «enITuxnNUEVEC» dlAUEPICEIC +
©(nlogn) ano «anoTuxnUeveCc» dIANEPIOEIC .
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Xpovoc EkTeAeonc (y.m.)

O [MBavoTnTa «anoTuxnueveC» dialpeoelc > clogn
gival eEalpeTika pikpn !
B Xpovog ekteheonc ©(nlog n) pe peyaAn miavornra !
O Meon nepintwon 0gv e€apTaTtal ano £icodo !
AQOopa O0TN CUUNEPIPOPA TOU aAyopIiBuOU.
O EEalpeTika pikpn nbavoTnTa XEIPOTEPNC NEPINTWONC.
B Avaluon XEIpoTepNC nepinTwaong Osv EXEl vonua !
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[MBavoTikol AAyOopIOuOl

[0 NTETEPUIVIOTIKOI aAyopiBuol:

B [lpokaBopiopyevn ocupnepipopa yia kabe €icodo.

B Yndpxel XEIpOTEPN NEPIiNTWON Kal Jnopei va cupPBei.
[0 MBavoTikoi aAyopiBuol:

B Jupnepipopd ano €icodo kal Tuxaiec eniAoyec.

B Xpnon TuxaloTnTac WOoTE XEIPOTEPN NEPINTWON
va cupBaivel ge noAuU pikpn niBavoTnTa.

B [loia €ival n XeIpoTepn nep. yvia niBavoTikn quicksort;

B Xpovoc (anodoTIKOTNTA) EKT. KATA peon TiIPN (expectation).
OpBoTnTa HE peEYaAn niBavoTnTa.

Las-Vegas: anoTeAeopa cwoTO, HECOC XPOVOC MOAUWV/KOC.

B Monte-Carlo: anoteAeopya ocwoTo PeEYaAn nibavornTa,
XPOVOC MOAUWVUMIKOC EYYUNMEVA.
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>uvoyn

0 Quicksort:

[MOavoTikOoC aAyopibpuoc.

XpOvOoC XEIPOTEPNC NEP.: O( n?)
Xpovoc peonc nepintwonc: ©(n log n)
Xwpoc: oxedov in-place.

Avadpoun kKaBuoTepei Kal anaiTei Jvnun.

EUukoAn kai ypnyopn uAonoinan.

FpnyopoTEPOC aAyopibpoc otnv npaén (yia n > 30).
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>uvoyn

AAyopi1Opuoc | KaAuTtepn Meaon XelpoTepn | Xwpoc
BubbleS Q(n) O(n?) O(n?) O(1)
InsertionS Q(n) O(n?) O(n?) O(1)
SelectionS Q(n) O(n?) O(n?) O(1)
HeapS Q(nlogn) | O(nlogn)| O(nlogn) O(1)
MergeS Q(nlogn) | O(nlogn)| O(nlogn) O(n)
QuickS Q(nlogn) | O(nlog n) O(n?) 2
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