brIcTpast cCOpTUpOBKa
(Quicksort)



[1Ba Knaccu4yecknx anropmtma
COPTUPOBKU

. Kpurnueckue KOMOOHEHTEI B MUPOBOM
BBIYHCJIMTEIbHON HH(PPACTPYKTYPE

. lloHumanwme HAY4YHBIX OCHOB 9THX AJITOPUTMOB J4CT HAM
BO3MO’KHOCTb p33pa6aTBIBaTI) IPUKIIAIHBIC CUCTCMBbI JTJIA
pCHICHNA PCAJIBHBIX 3aa4

. bbICTpasg COPTUPOBKA BXOJUT B JIECATKY CAMBbIX IOJE3HBIX
aJTOPUTMOB, pa3pad0TaHHBIX B 2(-M BEKE



;(wbﬁc static void quicksort{char(] items, int loft, int right)
inti, |;
char x, y;
= lqﬂ; i = ridl','
x = items|{left + right) / 2];

do

{
while ((temsfi] < x) 8& (i < right)) i+ +;
p while ((x < items[j]) 8& [j > left)) j..;
| fli<=j
{

y = itemsi);
items|i] = items[j];
| itemslj] = y;
' : i+ 4 e
} while {i <= j);

if (left < j) quicksortfitems, left, j);
: if [i < right) quicksortfitems, i, right);




bbicTpaga copTupoBKa

= OCHOBHOM ILJIaH

. Ilepemernarp 3JIEMEHTBI CIy4YallHBIM 00

. Pa3OuenHune 11 2iIeMEHTA |

. a[j] octaBUTH Ha MeCTE

Sir Charles Antony Richard Hoare

. Her snemenToB menbIire 4eM afj] ¢ IPABOM w.ivpoim o0 T uring Award

i (4
Uf\m NMNMTTMNAR ANTTYIIT\ AT K{\ TIY YYY/ 2\ YYNAR A N r1 -I e TTEMATYNATYY NAMANAMNTTYTTYT T

mput Q U I C K S O R T E X A M P L E
shuffle K A.T E L EP U I M Q C X 0 S

partitioning item

partition. E C A I E K L P U T M Q R X 0 S
b ™ ol

not greater not less

sortleft A C E E I
sort right L
resut A C E E I K L

o o
0 O
o 0
-~ A
v un
—
c C
> X




bbicTpada copTUpoBKa

. IIoBTOPSTH 10 TEX IOP, IOKA 1 ¥ ] HE IEPECEKYTCs

. IIpoBepsTs 1-bI€ DIEMEHTHI 40 Te€X Iop IokKa a[1] < a[lo]

. IIpoBepsTh J-bI€ BIEMEHTHI 10 TeX Nop moka afj] > a[lo]

. IlomensaTs Mectamu af1] u afj]

. Bujueo 1



bbicTpasi copTupoBKa: peannilauus
pa3bneHna Ha Java

private static int partition(Comparable[] a, int lo, int hi)
{

int 1 = lo, jJ = hi+l;

while (true)

{
Whﬂ.e (1.ess(a|.:++1'] , al1o])) find item on left to swap
if (1 == hi) break;
while (less(allo], a[--31)) find item on right to swap
if (J == 1o0) break;
if (i >= j) break; check if pointers cross
exch(a, i1, j); swap
}
exch(a, lo, j); swap with partitioning item
return jj; return index of item now known to be in place

before v during Vl =V \ ‘ =V after =V ‘vl =V

f 1 f f ! t
lo hi i j lo ]




bbicTpaa copTupoBKa: peann3auna Ha Java

public class Quick
{
private static int partition(Comparable[] a, int lo, int hi)
{ /* see previous slide */ }
public static void sort(Comparable[] a)
{
StdRandom.shuffle(a); shuffle needed for
SOI"t(a, 0’ a.]ength _ 1)’ <« perfor‘mance guarantee
} (stay tuned)
private static void sort(Comparable[] a, int lo, int hi)
{
if (hi <= 10) return;
int j = partition(a, lo, hi);
sort(a, lo, j-1);
sort(a, j+1, hi);
}
}




initial values

random shuffle

for subarrays
of size 1

result

1no partition /
\

To

o 2 o B o Ml s

NN O

bbicTpas copTupoBKa

O N W Wk

N OO

13
12
11

14

15
12
11

15

@ 1. 2 3 4 5 &6 7 & 9 310 11 12 13 14 15
G UGS R E N AN B L E
K R AT EULE®PUTIMAOQZOCX O S
E CA I E KL P UTMAQR X 0 S
E € A E I
A C E
A C
C
I
L P U TMOQR X O S
M O P T Q R X U S
M O
0
S Q R T U X
R Q S
Q R
Q
u X
X
A CE EI KL MOUPQ RS TU X

Quicksort trace (array contents after each partition)




bbicTpaa copTupoBka

50 random items

A algorithm position
S in order
I I I . mmmmmsmmmms  current subarray

= not in order

http://www.sorting-algorithms.com/quick-sort



bbicTpada copTupoBKa: peannsaungd

He TpeOyeT Jon0IHUTEIbHON HaMsITH

Brixon n3 nukinoB. O0pamante 0co00¢ BHUMaHHE Ha
YCJIOBHS BBIXOJA U3 LIMKJIOB

Orpanuuenus. IIpoBepka ] == lo u3aumHss, HO 1 == hi
HET

Pangomu3anus. IleperacoBka Hy»KHA YTOOBI
00€eCIIeUNTh TapaHTUH IIPOU3BOAUTECIBHOCTHU

PaBHbIC K10uH. ECiy puCyTCTBYIOT AyOJIHKATHL, TO
MO>KHO MCIOJIb30BaTh JAPYIrOM BApUAHT AJITOPUTMA



bbicTpada copTUpoOBKa:
AMMUPUYECKNN aHann3

. OlieHKa BpEMEHHM BBIIIOJIHECHUS

. HaIIK 10°® cpaBHeHuil/cekyHay

. Ha cyneprxomnbrorepe 10'? cpaBHeHuil/cekynny

insertion sort (N2) mergesort (N log N) quicksort (N log N)

computer thousand million billion thousand million billion thousand million billion

home instant 2.8 hours 317 years instant 1 second 18 min instant 0.6 sec 12 min

super instant 1 second 1 week instant instant instant instant instant instant

. BeiBoa 1. Xopoire aaropuTMsl JIydlle, 4em
CYIIEPKOMITBIOTED



bbicTpaga copTupoBKa: Ny4yLlnmn
cny4yau

. Jlyummi cydaii. KomuaectBo cpaBHenuit ~ N log N

al ]

lo hi 0 1 2 3 4 S5 6 7 8 9 10 11 12 13 14
vitial valu H A C B F E G D L I K J N MO
randomshuffe H A C€C B F E G D L I K J N M O
0O 7 14 D A C B F E G H L I K J N MO
0 3 6 B A C D F E G
0 1 2 A B C
A
C
4 5 6 E F G
E
G
11 14 J I K L N M O
9 10 I J K
I
K
12 13 14 M N O

o




XYL

bbiCcTpaga copTupoBKa

A4

ClriyHdain
. KosinuecTBO CpaBHEHH

3\

N ~

1 ciyyaun

L4

« XYIIIH

al ]

6 7 8 9 10 11 12 13 14

hi
initial values

lo

L M N O
L M N O
L M N O

K
K
K

J
J
J

F
F

E
E
E
E

g C D

A
A
A

B C D

random shuffle

B C D

14
14
14
14
14
14
14
14
14
14

10 14

11

12
13

cC D F

B

L M N O
L M N O
L M N O
L M N O
L M N O

K
K
K
K
K

J
J
J
J
J

G H

F

H

L M N O
L M N O
L M N O

K
K
K

J
J

10
11

M N O

14
14
14

o

Z

12
13

© C O

Z

z

B8 C ‘D E

A




bbicTpaa copTupoBKa: cpegHuUn cry4vyamn

« Repeatedly apply above equation:

Cn . Cn-1 2
N+1. N T N+1
/= CN_z + i + 2 « substitute previous equation
previous equation N=1 N N +1
Cn-3 2 2 2
S N2 " N-1t W7 N¥1
2 2 2 2
= 3T it T N
« Approximate sum by an integral:
) 1 1 1 1
Cn = 2(;\—*—1)(3—{-4—5—5-}-...“7*_1)
N+1 1
~ 2(N + 1)/ —dx
3 &

« Finally, the desired result:

Cny ~ 2(N+1)InN =~ 1.39N1gN



bbicTpas copTupoBKa: CBOUCTBA

XyImuu ciiydyau. KBagpatnuHO€ KOJIMYECTBO
CpaBHEHUHU

« N+(N-1)+(N-2)+...+1~"%N?

Cpennuii ciiyvyan. KonmnaecTBo cpaBHeHU# ~ 1,39
Nlog N

. Ha 39% cpaBHeHUI O0nbIIE, YEM Y COPTUPOBKHU CIHUSIHUEM

. Ho, Ha npakTuke, ObICTpEE COPTUPOBKU CIUSTHUEM, ITOTOMY
YTO MEHBIIIE IEPEMELIAOTCS TaHHBIE

IlepeTacoBka
. lapantupyer oTCyTCTBUS XYAUIErO Ciyyas

[Ipenynpexaeaue. YacTe peanuzanuil ObICTPOH



bbicTpaa copTnpoBKa: CBOUCTBA

. YTBepkJecHuE. beICTpas cOpTHPOBKa HE TPEOyeT
TOIIOJIHUTEIILHOU NaMATH

. JlokazarenbCTBO

. PazgeneHue TpeOyeT JOMOIHUTEIBHYIO IaMSITh




bbiCcTpada copTupoBKa: peanusauus

« Vcrionb3ynTe COpTUPOBKY BCTABKAMM IS
MAaJIEHBKUX ITOAMAacCCHUBOB

. bbICTpasg COpTUPOBKA OYEHBb JOPOras IjIsl MAJICHbKHX
I10JIMACCUBOB

. [loagmaccuBel A1 COPpTUPOBKU BCTaBKaMu ~ 10

private static void sort(Comparable[] a, int lo, int hi)

{
if (hi <= 1o + CUTOFF - 1)
{
Insertion.sort(a, lo, hi);
return;

}

int j = partition(a, lo, hi);
sort(a, lo, j-1);

sort(a, j+1, hi);




bbiCcTpada copTupoBKa: peanusauus

. Pa30ueHue rmo MeamaHe

. Ilonck menuanbl U3 HEOOJIBIION BEIOOPKHU AJIEMEHTOB

. Mennana u3 3-X Cliy4arHbIX SJIEMEHTOB

~ 12/7 N In N compares (slightly fewer)
~ 12/35 N In N exchanges (slightly more)

private static void sort(Comparable[] a, int 1o, int hi)

{

if (hi <= 10) return;

int m = medianOf3(a, lo, 1o + (hi - 10)/2, hi);
swap(a, 1o, m);

int j = partition(a, lo, hi);
sort(a, lo, j-1);
sort(a, j+1, hi);




bbiCcTpaa copTupoBKa C COPTUPOBKOW

BCTaBKaMu/ 1 MeguaHoun n3 3-x

input -I“"II"II'I.'I'-Il"lllll“llll'llln"llllll.l "IIII'“IIIl“.'lll"ll-ll“I.Il-.l.'l.ll"l
partitioning element
Pioswstses N Jrve | PR T T TR 7

wm il 0
it
Tt T T
nihn
WML
bbbbbbbbbbbbbbb Se—rtr T |||||||

aaaaaaaaaaaaaaa

................................ m—

aaaaaaaaaaaaaaa




Br10op
(Selection)



Bbibop

I{eab. B maccuBe pasmepoM N, HaTH K- HAUMEHBIIIUM
SJIEMEHT

[Ipumep. Min (k = 0), max (k = N-1), median (k =N/
2)

IIpumeneHue

« 110PAAKOBAA CTATUCTHKA

. Ilouck HanOOJBIIIETO DJIEMEHTA
PyKOBOJICTBYHUTECH TEOpUEH

. NlogN BepxHss rpaHuIa
. N BepxHss rpanuna piss k=1, 2, 3.

= N HUWXHISA rpaHulia



beicTpbin BbIOOp (Quick-select)

« Pa3nenedne MmaccuBa

. a[j] ocraercs Ha MecTe
. CiieBa HET BneMeHTa OOJIBIIIE |

. CrpaBa HET 3JIEMEHTa MCHBIIIE |

public static Comparable select(Comparable[] a, int k)

{ if a[k] is here if a[k] is here

StdRandom.shuffle(a); set hi to j-1 set 1o to j+1

int To = 0, hi = a.length - 1;

while (hi > To) \& J/
{

int j = partition(a, lo, hi);

: : : =y ‘v‘ =V

if (j <k) lo=3+ 1; ; : :
else if (3 > k) hi =3 - 1; lo j hi
else return al[k];

}

return al[k];




bbICTpbIN BbIOOP: MaTeEMaTUYECKUIA

aHalin3
. Y1BepxkaeHue. Quick-select B cpeagneM padoTaet 3a
JIMHEUHOE BpEMSI

. Jloka3arenbCTBO

. Kaxxnaplil mar neaut maccus momoiaM: N + N/2 + N/4 + ... +
1 ~ 2N cpaBHEHUU

. @opmyna aHanmza moxoxa Ha Q-sort
. C=2N + 2k In(N/k) + 2(N-k) In(N/(N-k))

. 3ameuanue. Q-select ucronwsyer ~ ¥» N* cpaBHeHHII B
XyAILIEM cliy4ae, HO (Kak U g Q-sort) mepeMelMBaHue
IaE€T BEPOSTHOCTHYIO FapaHTHUIO



bbiCcTpbIN BbIOOP

. YTBepKacHHE. AJITOPUTM BBIOOpaA, OCHOBAaHHBIN Ha
CPaBHCHWU. B XV/IIIIEM CITVUae nadOTaeT 3a

() Time Bounds for Selection
JIMHCHUH
by .

Manuel Blum, Robert W. Floyd, Vaughan Pratt,
Ronald L. Rivest, and Robert E. Tarjan

Abstract

The number of comparisons required to select the i-th smallest of
n numbers is shown to be at most a linear function of n by analysis of
a new selection algorithm -- PICK. gpecifically, no more than

B.hjoé n comparisons are ever required. This bound is improved for

= JamMeuanue. KoHCTaHTa CIUIIIKOM BEJIMKA =>> Ha
IIPAKTUKE HE MCIOJIb3YETCS

» PyKOBOICTBYMTECH TEOpHUEHU

. Bce ele TpedyeTcd HAuTHU aJITOPUTM, Pa0OTarOIIINi B



IloBTOpSIOIIMECS KITFOUH



[loBTOpAIOLLMECSA KIMHOUU

. Hacto npuxoauTcsa COPTUPOBATH JIAHHBIE C
ITOBTOPAIOIIMMHUCA KIHOYaMHU

I1o BO3pacry nroneu
YnaniaTh NOBTOPSIOMIUECS MMChbMa

ITIo npodeccuu uim JOIKHOCTU

. OOBIYHO B TakMX CIIy4dasx

OrpoMHBIA MaCCHUB JIAHHBIX

HeOomnbImoe KoamuecTBO 3HAUYEHUN KITK

Chicago
Chicago
Chicago
Chicago
Chicago
Chicago
Chicago
Chicago
Houston
Houston
Phoenix
Phoenix
Phoenix
Seattle
Seattle
Seattle
Seattle
Seattle

09:
09:
09:
09:
09:

09

09:

09
09
09

09:

09

09:
09:
09:
09:
09:
09:

25:
03:
21:
19:
19:
:00:
35:
:00:
:01:
:00:
C A
:00:
14:
10:
36:
22:
10:
22

52
13
05
46
32
00
21
59
10
13
44
03
25
25
14
43
11
54




beicTpbin BbIOOp (Quick-select)

. CoprupoBka CIUSIHUEM JJIs1 MACCHBA C
nyomukaramu. OT 72 N log, N 10 N log N cpaBHeHui

. QQ-sort mi1s MmaccuBa ¢ gyOJIMKaTaMM

" AJ'II‘OpI/ITM BBIITOJIHACTCA 34 KBAAPATHUYHOC BPCM:A, CCIIN
HC IIPOUCXOOANUT OCTAHOBKH Hd 3JICMCHTC PABHOM

TCKYls T O PONEQUALKEYS

. B199 1 T 1 B gsort()

swap if we don't stop if we stop on
on equal keys equal keys



[Tpobnema NoBTOPSIOLLMXCA KIHOYEN

OmmuoOxka. Bce ai1eMeHTBI OCTarTCs Ha OJJHOW CTOPOHE
Pesynbrar. ~ 4 N? cpaBHEHMIA, KOTa BCe KIKOYH PABHEI

BAABABBBCCCAAAAAAAAAAA

Pexomenmanus. OcraHaBiIMBaTh CKAHUPOBAHUE, €CIIN
3JIEMEHT PABEH LEHTPAIbHOMY DJIEMEHTY

Pesynbrar. ~ N log, N cpaBHeHHH, KOT/Ia BCE KITFOYH
PaBHBI

BAABABCCBCB AAAAAAAAAAA

JKenaempint cinydar. OCTaBIATh 3J1€EMEHTHI PABHBIC
[EHTPAJILHOMY JJIEMEHTY HA MECTE

A A A T OO O09% OO s £ £~ g,/ A A A A A A A A A2



TpexyacTHOe pa3dbuneHune

. Llens. /Jleaum maccuB Ha 3 yacTu

. OJEMEHTHI MeXy It 1 gt, paBHBIC LICHTPAJIBHOMY
DJICMCHTY V

. IIpoOnema HUAEpIaHACKOIO (priara

. BceoOmas myapocts 10 cepeauHbl 90-X: HUYEro He
neaaTh

. OmwmbOka HalifieHa U ucnpanjieHa B 0uoanoreke C —



TpexyacTHoe pa3bueHmne [JenkcTpobl

. bepem v paBHOEe a[lo]

. CkaHupyeM 1 clIieBa Ha IPaBO
. (a[1] <v): mensgem Mectamu a[lt] u a[1]; uaKpemenT It u 1

. (a[1] > v): mensieM MecTamu a[gt] u a[1]; nekpemMeHT gt

. (a[1] == v): ”HKpPEMEHT 1

. Bumeo 3



TpexyacTHoe pa3bneHmne [enkcTpsol

V all
1t i gt \ 0 1 2 3 &4 % & 7 8§ 9101
0 g 11 R B W W R W B R R W B R
0 2 11 R.,B R
15 2 11 R W R
1 2 10 R R B
1 3 10 R W B
1 3 9 R B W
2 4 9 R R W
2 5 9 R W W
2 5 8 R W R
2 5 7 R R R
2 6 7 R B R
3 7 7 R R
3 8 7 R R W
3 8 7 B B B R R R R R W W W W
3-way partitioning trace (array contents after each loop iteration)




TpexyacTHoe pa3buneHune [enkcTpsbi:
peann3aunda Ha Java

private static void sort(Comparable[] a, int Tlo, int hi)
{
if (hi <= 10) return;
int 1t = lo, gt = hi;
Comparable v = a[lo];
int i = lo;
while (1 <= gt)
{
int cmp = a[i].compareTo(v);
if (cmp < 0) exch(a, 1t++, i++);
else if (cmp > 0) exch(a, i, gt--);
else P4
} |

before |V

sort(a, lo, 1t - 1):
sort(a, gt + 1, hi); during | <v =v >V

after <V =V >V




TpexyacTHoe pa3buneHune [enkcTpsbi:
TpaccunpoBKa

nm
equal to partitioning ele




nOBTOpFII-OLLI,I/IeCFI KIMHOYUN. HNXXKHAA TpaHNLUA

Sorting lower bound. If there are n distinct keys and the i one occurs
x; times, any compare-based sorting algorithm must use at least

n
z\r! 4
]g ; ‘ ' G E T; 1g _i <«——— Nlg N when all distinct;
! xo! - x,! : N
=1

' linear when only a constant number of distinct keys

compares in the worst case.

Proposition. [Sedgewick-Bentley, 1997] proportional to lower bound

Quicksort with 3-way partitioning is entropy-optimal.
Pf. [beyond scope of course]

Bottom line. Randomized quicksort with 3-way partitioning reduces
running time from linearithmic to linear in broad class of applications.



[ I[puMeHEeHnE COPTUPOBOK



[TouMeHeHne CopTUPOBOK

Sorting algorithms are essential in a broad variety of applications:

Sort a list of names.
Organize an MP3 library. obvious applications
Display Google PageRank results.

List RSS feed in reverse chronological order.

Find the median.

problems become easy once items

Identify statistical outliers. .
are in sorted order

Binary search in a database.
Find duplicates in a mailing list.

Data compression.
ComPUter graphlcs. non-obvious applications

Computational biology.
Load balancing on a parallel computer.



CopTtupoBku B Java

. Arrays.sort()

. EcTb 0coOBIE MCTOIbI AJIsI IPUMHUTHUBHBIX THIIOB

. MeToapl A1 TUIOB JAHHBIX PEaTN30BAHHBIX C
nomonipro Comparable

- WW AANTW AN TYY AN TY AN YYYYY e hr\mmn«t\‘-r\«
= MeTomar
import java.util.Arrays;

. Hcnom UTHUBHBIX
public class StringSort

THUIIOB; {

public static void main(String[] args)

{
String[] a = StdIn.readStrings());

Arrays.sort(a);
for (int i =0; 1 < N; i++)
StdOut.printin(alil);




War story (C gsort function)

AT&T Bell Labs (1991). Allan Wilks and Rick Becker discovered that a
gsort() call that should have taken seconds was taking minutes.

~ Why is gsort() so slow? _
\W

At the time, almost all gsort() implementations based on those in:
e Version 7 Unix (1979): quadratic time to sort organ-pipe arrays.
« BSD Unix (1983): quadratic time to sort random arrays of Os and 1s.




[ lpuMmeHeHne CoOpTUPOBOK Ha
NpakTUKe

OcCHOBHOM ajroput™m — Q-sort

. CopTupoBKa BCTaBKaMM JJI1 MaJICHbKHUX OJAMACCHBOB
. TpexuacTHOE pazOMeHHUE

. PazOucHue

. MajleHbKHU MAaCCUB: CPEIHUM JIEMEHT

. Cpennuit

Engineering a Sort Function
. bonbmon

M. DOUGLAS McILROY
AT&T Beil Laboratories, 600 Mountain Avenuwe, Murray Hili, NI 07974, (J.S.A.

SUMMARY

¥ ount the history of @ new gsort function for a C library. Our function is clcurcr. faster and more
robust than existing sorts. It chooses puri ning clements h oW s .unpl ng M:h t pa 'l‘om by a
novel solution to I)ijkslru's l)ulch Nat l l'lag p oblem: und i p effici l l behavior was
'.awv\wd \nilh timing and debuggi ; lnl and with a pr vgr.uu o tify p rformance. The d sign
echnigues apply i d mauing beyond sorting.

Cenyac mupoKo ucnoiab3yrores B C, C++, Java ...



[1eBATKN TbIOKN

. MeauaHa U3 Tpex MeauaH U3 TpeX

. Anmpokcumanus MEIuaHbl U3 9-Tu

. Hcnone3yer He Oonee 12 cpaBHeHUM

nine evenly
spaced entries

groups of 3 R A M G X K B J E

medians M K E

ninther K

. Jlyumie pa3zOuBaeT MacCuB, YeM CIyYarlHBIN BEIOOD

TTATYTYT'INODO T Y I YAONT YO NZYNTTANTATIYT'O® AT/ 29090 NACT1T\YNT AN TN\ NDTTY



[lepenonHeHne cTteka B Java

. llepenonnenue creka pexypcuu B Java pyuiar
[porpamMmmy

. BpInosHeHUE IIPOIpaMMBbI 34 KBAAPATHUYIHOC BPCM:A

% more 250000.txt % java IntegerSort 250000 < 250000.txt

0 Exception in thread "main"

218750 java. lang.StackOverflowError

222662 at java.util.Arrays.sortl(Arrays.java:562)
j | at java.util.Arrays.sortl(Arrays.java:606)
166672 at java.util.Arrays.sortl(Arrays.java:608)
247070 at java.util.Arrays.sortl(Arrays.java:608)
83339 at java.util.Arrays.sortl(Arrays.java:608)

250,000 integers Java's sorting library crashes, even if
between 0 and 250,000 you give it as much stack space as Windows allows



System sort: Which algorithm to use?

Many sorting algorithms to choose from:

Internal sorts.
» Insertion sort, selection sort, bubblesort, shaker sort.
 Quicksort, mergesort, heapsort, samplesort, shellsort.
« Solitaire sort, red-black sort, splaysort, Yaroslavskiy sort, psort, ...

External sorts. Poly-phase mergesort, cascade-merge, oscillating sort.
String/radix sorts. Distribution, MSD, LSD, 3-way string quicksort.
Parallel sorts.

« Bitonic sort, Batcher even-odd sort.

« Smooth sort, cube sort, column sort.
« GPUsort.



Kakyto copTUPOBKY BblOpaTb?

attributes
. ATp I/I6yTbI L 2 -3 45 J o . M
algorithm A e @
. CTadbWiILHOCTE s e -
S 2

. llapamnenusm
» JleTepMUHUPOBAHHOCTH
. JlyOnmkarel

= 1HUIIBI KJIIOUEH

- CBHBHBIﬁ CIINCOK UNJIN MacCccCHUuer many more combinations of
attributes than algorithms

. KonnuecTBo 3j1eMEHTOB

«  YIIOPSJOYEHHOCTh B MAaCCHUBE

. | apaHTuu Npou3BOAUTENBHOCTH

. KoMOmHHpOBaHHE COPTUPOBOK



CopTupoBku. BeiBoabl

inplace? @ stable? worst average remarks

selection v N2/2 N2/2 N2/2 N exchanges

insertion use for small N or partially ordered

shell ? ? N tight code, subquadratic

merge v Nlg N Nig N NIigN N log N guarantee, stable

N log N probabilistic guarantee

3 2
quick N#/2 2NInN N'lgN fastest in practice

improves quicksort in presence

- i 2
3-way quick N2/2 2NiInN N of duplicate keys

v N lg N NIlg N N holy sorting grail




