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%6 Quicksort

Grundideen:

¢ Divide and Conquer

e Jeweils Aufteilung in zwei Teilarrays |

e Rekursiv: Sortieren der Teilarrays

e Kein Merge-Schritt!

o Stattdessen Aufteilung der Teilarrays
anhand eines “Pivot”’-Elements, das die
Menge in kleinere und groflere Elemente
teilt.

e Balance der Aufteilung vorher nicht
absehbar.
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56.2 Algorithmische Beschreibung

Algorithwmus 9.14

INPUT: Subarray von A=[1,...,n],
der bei Index p beginnt und bei Index r endet, d.h. A[p.,...,r]
OUTPUT: Sortierter Subarray

(QUICKSORT(A, p, )
1 ifp<r
the

o

«— PARTITION(A, p,7) 2
QUICKSORT(A, p,q — 1)
(QUICKSORT(A,q + 1,7)

= QO
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INPUT: Subarray von A=[1,....n], d.h. A[p

OUTPUT: Zwei Subarrays A[p,...,q-1] und A[q+]1,....1]
mit A[1]<A[q] und A[q]<Al[j] fiir i=p

PARTITION(A, p, )
T — Alr
1—p—1
for j—ptor—1
do if Afj] <=z
then i — i+ 1
vertausche Afi] « A[j]

vertausche Af¢ + 1] « Alr]
return 7 + 1
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56.3 Laufzeit von Quicksort |

Wie viele Schritte benotigt Quicksort fur
einen Array der Lange n?

Unterscheidung:
e Worst Case

e Best Case

e Average Case
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Bester Fall: Pivot liegt genau in der Mitte,
d.h. nach PARTITION haben beide Teilarrays
i.W. die Lange n/2.

T(n) <2T(n/2)+ O(n)

Man sieht, z.B. mit dem Mastertheorem:

O(nlogn)
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Das funktioniert auch noch, wenn PARTITION
ein annahernd balanciertes Ergebnis liefert:

T'(n) <T(O9n/10)+ T'(n/10) + cn

Man sieht wieder mit dem Mastertheorem: '

O(nlogn)
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Satz 5.13 (Durchschnittliche Laufzeit von Quicksort) |
Fur einen n-elementigen Array A hat Quicksort eine
erwartete Laufzeit von O(n log n).
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Warum interessiert das? '

.

=

*1987' *1981'
Sebastian Wild ' Zlatan Ibrahimovic |
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Warum interessiert daS? Average Case Analysis of Java 7’s
Dual Pivot Quicksort*

Sebzascian Wild and Markus 1. Mebel

g Fackbevewcls Tnfuroa b, Techaesche Uversidn, Kuserluu lecn
{ec_wild,pctel e . api kl.de

Abstract. Receouls. woamw Quickswt vasizal due o Yaosayskiy wess
ediwsan we slaadand sorling e llecd for Oracle’s Jevu 7 rundisoe lilauss.
The Jdecision [ur (ke cliange was basal vz emporcal studics shos g et
an average bhe new algorithm is faster than the femerly need classic
Cuicksort. Surprzingly, the improvement was achicved by uwsing & dual
pivos approach, an iden that was considered not promising by several the
arates] sridles 1in the pase Tn this paper, wa idemnify the reaann or thie
uranpectad smovysa. Meoraover, wa prezemn the Arst pwarian AVErRATR ~A7
smalvaa of the new slparichm showrmp oo v, rhat a rendam permiranion
of kgl v s sorced wing L9 lee 2460 1 Oluw) bey conparizons
aond OGse L 1 008w 1 Qi) swage.

1 lutroduction

Dae o 1tz efficiency m the average, CJuicksort haz baan uzed for decadss as zen
erul purposc sorting method o sy doseins, e, i oshe O sl Java stavdard
librarics or as UNLX's system sort. Smoece frs publication m the carly 1960s by
Hisere |1, elassic Quncksort [ Algecithion |1} feas e intensavely stodisd zanl snany
modificarions worce suggestod to improve it cven furcher, one of chem Seing the
following: Instead of partitioning the input file o cwo subiles separatad by a
sinzle pivot, we car ereate ¢ oartitions ous ol s 1 pivots,

Sedgewick considered the eaze 5 — 3 in hiz PhD thesiz [2]. He propoead and
aradyvers] she dmplernemataon piven in Algorittnn Bl Howeves, this dual pavar
(Juicksort variant turns ous to 5o clearly nfcrior co she mrach simpler classic
alporithm Later, Ilennequin studied the comparicon costs for any conscant 2
in 1o PhID) thess [3], bt vven Tor srbdsesry & 2090 Te B oo impeovenenes

* 1 9 8 7 that would compensate for the much more complicated pareitioning step.! Thesa

megaive memnlts iy liove Gisconeapn ! Turther seasoch skonp chess T
Heoontlyy, however, Yaroslavskiy propozcd tae aew dual pivot Cuiclesore im-
plernentation s given in Alworithion 3o the Java come library noailing listZ. He

* "I'bis reecoxch wee supported by LI'QY grant NL 137973 L
' Wkhen s deponds on n, we basically get the Samplesort algorithm from [d]. [5. [B]
ar [7] show that Sarplesort ean heat Quicksaort if hardwars fentimvs ara o plaitad.
® ° |4 swen ahvmws that Samplésar & asymptotically aptimal with wepast th compar-
Sebastlan Wlld s, Vot dna tooira wherwemt intricacies, 1t haa nat hean naad mch in practee.
? The discussivn is wrelivel atBiip://persal ok, gosae. oog/ guane . coap . java.
opre jdi. core 1ibe.dovel/2628

Lo Fosaetn sond P Burcggmanc (Rela D0 BSA w2 TNCE vMn, pp sen S8R, 2o
0 Soringw Vel Aol Bundiolleey nn
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Comparisons

Classic Quicksort 2(n + 1)Hns1 — 5(n+ 1)
(Algorithm 1) ~2nlnn — 1.51n + O(lnn)
Sedgewick 2(n+1)Hnat1 — soe(n+1) + 3

225

(Algorithm 2) ~ 2.13nlnn — 2.5Tn + O(Inn)

. 19 711 | ;3
Yaroslavskiy oM+ 1D)Hut1 — 5o +1)+ 5

Algorithm 3 ~ 1.9nlnn — 2.46n + O(lnn
* 1087 ' (Alg ) (Inn)
Sebastian Wild ' “Best Paper Award” '
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