Quicksort

A1dAoKOVTEC: Z. ZaxoG, A. PWTAKNG
EnipeAeia diagaveiwv: A. POTAKNG

> X0An HAekTpoAoywv Mnxavikwyv
Kal Mnxavikwv YNoAoyloTwyV

EBvikO MeToofio MoAuTeyxVEio




Quicksort [Hoare, 62]

[l

>Tolxeio dlaxwpliopou (pivot), n.x. npwTOo, TUXAIO, ...

]

B >TOIXEid aploTEPNC UNO-aKOA. < OTOIXEIO dlaxwpIoHOU.
B >ToIXEia 0e€iac uno-akoA. > aToixeio dlaxwpIioHoU.

]

Ta&vounon uno-akoAouBiwv avadpouikd.
AkoAouBia Ta&ivounuevn — oxl cuvBeon!
quickSort(int A[], int left, int right) {

[l

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

quickSort (A, left, q);

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

AvadlaTta&én kal dlaipeon €10000uU o€ OUO UNO-AKOAOUBIEC:
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Alaipeon

O >Toixeio diaxwpiopou (pivot), n.x. npwTO, TUXAIO, ...

O Algipeon o€ eva nepacua :
B >apwon ano apiotepa (pe osiktn i) pexpt A[i] = pivot.
B >apwon ano d&g&ia (ue dsiktn j) pexpt Al j] < pivot.
B Av dev €xouv €€eTaoTei 0Aa Ta oToixeia (i < j):
avTipgeTaBeon(Af[i] , A[j]) kal ouvexela.
B Av exouv €€eTaoTel OAa: enioTpo@Pn opiou diaxwpICUOU
(0gikTn J).
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Alaipeon

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

partition(int A[], int left, int right) {
int pivot = A[left]; i = left - 1; jJj = right + 1;
while (1) {
while (A[++i] < pivot) ;
while (A[--j] > pivot) ;
if (i < j) swap(A[i]l, A[]]):;
else return(j); } }
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21o1YEl0 oloywpiouov : 10
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AvaAuon Alaxwpiouou

0 OpBoTtnTta partition:

AlaTnpEl Kal ENEKTEIVEI APIOTEPN MEPIOXN ME OTOoIXEIa < pivot
Kal 0e€1a neploxn UE aToIXEia > pivot,

A[/] > pivot : enekTaon apioTepPNE NEPIOXNG OTANATA.
A[j] < pivot : enekTaon 0€&l1ag neploxng oTapaTd.
ZEVEC NEPIOXEC : AVTIMETABEON OTOIXEIWV KAl CUVEXEID.
EnikaAuwn : oAokAnpwon olaipeonc.

TeAIKG Ta oTOIXEIA aploTepa < pivot kal Ta oToixeia Og€ia >
pivot, onw¢ anaireiral.

OO0 KaBe nepioxn = 1 oroixeio. Quicksort repuarilel.
(1 < onpueio diaxwpliopou <n - 1)

AnapaitTnTa: i Kal j otagatouv oTo pivot.
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AvaAuon Alaxwplioyou

[0 Xpovoc ekTeAeonc partition :
B KaBe oToixeio ouykpiveTal Je pivot pia gopa
(eEKTOC anoO OTOIXEIa eKATEPWOEV ONUEIoU XwpPIoHOU).
B TeAika i Kal j «Oeixvouv» €ITE YEITOVIKEC €iTE id1a BEon
ylaTi Onou nepace 1o i Oev ouveyilel .

B Xpovoc ekTeAeonc partition yia n oroixeia = O(n).
OO MeTta Tov dlaxwpiopo, oToixeia dev aAAalouv «nAsupa»
(ONA. aploTepa PYEVOUV apioTepd, 0e€la pevouv Oegla).
O Ynapyxouv NoAAEC AAAeC popgec diaipeonc, N.x. pivot
naipvel TeAikn Tou Beon oTov nivaka, diaipeon oTa Tpiq, ...
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Napadeiypa Quicksort
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OpbBoTtnta Quicksort

O >uveneia opboTnTtac partition :
B TeppaTiopocg : peyeboc uno-akoAoubBiwv <n - 1,
B Ta&vounon :
O ApioTepa oToixeia < pivot < d€€ia oToIxEia.

O Enaywyika, aploTepn nepioxn kai 0€€ia nepioxn
Ta&IVOUNUEVEC.

O >uvoAikd, nivakac Ta&ivounuevoc.
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Xpovoc EkteAeonc (x.m.)

[0 Xpovoc ekTeA. avadpopikwy aAy. JeE diaTunwon Kai Auaon
avadpopikne eEicwonc.
0 Xpovoc ekteAeonc partition(n ortoixeia) : ©(n)
O T(n) : xpovoc (x.n.) yia ta&ivounaon n GToIXEIWV.
B O(n) : avadiaTa&én kal diaipeon €10000U.
B T(k) : Ta&vounon apliotepou TUNUAToc (k aTolixeia).
B T(n- k) : ta&vounon dg€lou TunuaTog (n — k oToixeia).

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

1<k<n-—1
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Xpovoc EkteAeonc (x.m.)

T(n) = O(n) + max {T(k)+T(n—k)}, T1)=0(1)

1<k<n—1

O Xeipotepn nepintwon : k=1 1Nk =n - 1 (o kabe kKAnon).
B QuolaoTika dev yiveral olaipeon (povo avadiataén) !
B Partition «BonBasl eAaxioTa» Tov aAyopiduo.

Tn)=0n)+Tn—-1)+T(1), T1)=06(1)
T(n)=0Mn)+60n—-1)+6(n—2)+- -4+ 6(1) = 0(n?)

O ZTmiyuiotuna nou quicksort xpeialerar xpovo Q(n?);
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Xpovoc EkTeAeoNnC

O KaAuTtepn nepintwon : kK = n / 2 (o€ kabe kKAnon).
B OuoiaoTika TeA€la diaipeon !
B Partition «BonBael Ta peyloTa» !

T(n)=2Tn/2)+0On) =T(n) =6(nlogn)
O Av min{k,n—k} >n/4 (nepinou idio pey£Bog)
T(n)=0(n)+T(n/4) +T3n/4) = T(n) = O(nlogn)
0 XelpoTepn KAl KAAUTEPN NEPINTWON onaviec !

0 Av Tuxaio oToixeio pivot,
nBavotnTta dlaipeonc (n/ 4, 3n/4) n kaAuTtepnc > 1/2 |

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

AAyopiBpol & MoAunAokoTnTa (Xeipwvag 2010) Quicksort 12




MBavoTikn Quicksort

Ol

Tuxaio oToIXEIO Oav OTOIXEIO XWpPIGHoU (pivot).
Ma k&Be k € [n — 1],
niBavoTnTa diaipeong (k, n — k) =

O

n—1

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

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

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

g = partition(A, left, right);
randomQuickSort (A, left, qg);

randomQuickSort (A, g+l1, right); }
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Xpovoc EkteAeonc (u.n.)

S(n) = O(n) + - ! 1 :jj[sus) + S(n— k)
=0O(n) + n_le

O Auon avadpopng : S(n) = O(nlogn)
AUTOC 0 XpOVOC €KTEAEONC UE PeyaAn nmiBavoTnTa !
O TMBavoTtnTa diaipeonc (n/4, 3n/4) n kaAutepnc > 1/2 !
B KaTta «peco opo», kabe 2 enineda oto OEVTPO TNC
avadpoMnC, EXOUME «enITuXnUevn>» dlaipean.
B >e kdBe eninedo, ouvoAIKOC Xpovoc dlaipeonc ©(n).

B O(nlogn) ano «enITuXnUEVEC» dlAIPEDEIC +
©(nlogn) and «anoTuxnuevec» dlAIPETEIC.
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Xpovoc EkteAeonc (u.n.)

O MBavoTnTa «anoTuxnuevec» dlaipeoceic > clogn
gival e€alpeTika pikpn !
B Xpovoc ekteAeonc ©(nlogn) pe HeyaAn miBavornta !
O Meon nepinTwon dgv e€EapTaTtal ano €icodo !
AQopa oTn CUUNEPIPOPA TOU AAYyOpIOUOU.
OO0 E&aipeTika pikpn niBavoTnTa XEIpoTEPNC NEPINTWONC.
B AvaAuon XEIpOTEPNC NEPINTWONC OeV £XEl vonua !
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[MBavoTikoi AAyopiOuol

OO NTeTepUIVIOTIKOI aAyOpIBUOL:
B [lpokaBoployevn cuunepipopa yia kabe sicodo.
B YNapyxel XEIpOTEPN NEPINTWON KAl JAopei va cuuPBeEi.

O MBavoTikoi aAyopiBuotl:
B Supnepipopda ano €icodo Kal Tuxaiec eniAoyEC.
B Xpnon TuxaloTnTac woTE XEIPOTEPN NEPINTWON
va oupPaivel ye noAu pikpn niBavornTd.
B [loia €ival n XeIpoTePN NeEP. yia niBavoTikn quicksort;
B Xpovoc (anodoon) KaTta peon Tiun.
OpB0OTNTA PE HEYAANn mBavoTnTa.
B Las-Vegas: anoteAeopa owaoTo, XpOVOC Tuxaia PET/TN.

B Monte-Carlo: xpovoc npokaBopiouevoc, unopei Aaboc
anoteAeopa (aAAG pe noAU uikpn niBavoTnTa).
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>uvoyn

O [pnyopn Ta&ivounon (quicksort):

B [116avoTIKOC aAyopiBuoc.
XPOVOC XEIPOTEPNC NEP.: O( n?)
Xpovoc pyeonc nepintwonc: O(nlogn)
Xwpoc: oxedov in-place.

EUukoAn kai ypnyopn uAonoinan.

Avadpopn KabuaoTepEl Kal anaitei yvnun.

FpnyopoTepOC aAyopiBuoc oTnv npaén (yia n > 30).
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>uvoyn

AAyopi1Opoc | KaAhuTepn Meaon XeipoTtepn | 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(nlogn) O(n?) ?
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