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Diagram 6.5 Dynamické
charakteristiky vklddaciho
tiidéni a vybérového tfidéni

Tvlo snimky z pribéhu vklddaci-
ho tiidéni (levo) a wbérového
tiidéni (vpravo) nad ndhodnym
uspoidaddnim ilustruji, jak kterd
metoda pii tiidéni postupuje. Ti-
déné pole reprezentujeme
vgrafech i protiafi] pro
viechna i. Pied tiidénim je graf
rovinomémé nahodily a po tiidéni
se z néj stane Uhlopiicnd cdra vy-
chazejicf z levého dolniho rohu
do pravého homiho.Vklddad tii-
déni se nikdy z aktudini pozice
nedivd pred sebe a whérové tii-
déni se nikdy nedivd za sebe.

77




1

SHELLSORT (D.shett 1959)
PFJ?'JJ"I‘&#P#’ .relvma < 'lxbﬂ ”za = 61’ <

for ki=t abwnmio 1 oo
b:rh(k)
for o= 1 ¢o b ab y
- : ' (+h), .. aﬁ'*[%"‘]‘ﬁ)
Jnrew‘:mmrf(dﬂ),ﬁ £4h), -
Enclele
Enclelo

ldea :

Insertionsort vyméiuje sousealm’ proky -
v 1 brobu ocditran’ 4 rnverz)

Shellsort P}mi‘fi‘u je /mf&y od Sebe /e v2al Jene’.
v 1 brdbu ocollran)’ vite ey,

h,= | je nutng' loadmfﬂl.a



Foillad : firdim 44, 55, 12, %2, 95, 12, ¢, ¢3

Fr‘:'r'isﬂon' sebvence : 42,4

4. "dte. : Y-sort

44, 55,12, 42, 94, 18, €, €%

99, 1%, €, 42,95, 55, ”, 6%

2. éi‘e 3 Z-S'Orf'
TN TN
49, 18, ¢, 42, 39, 55, 42, &2
SN

6, 18 12,42 %9, 55,94, ¢

3. fo2e . I»senffansar}

6, 12, 48, 42, 4, 55 €7, 9%

13



SHELL SORT

for kit downto 1 do
/):=Ir(£)
for i< h1f ¢s »n ob
j= -k
Vi= a ()
while v>aly) and j>0

‘

a (j24):= a ()

= Jh
Enao/olo
a (J‘J h):i=v
e holelp
e

&fdmiaj'e. 41 vorirm' eyl lug - rr“eeéay
Insertron Sorly e k)’ ajedne,

74



PEIQOSTROVE SERVENCE

Shell (1959): 42, 2% .., 27
R >
hebo /){1"['2&]’ 6*':!"1""!_{’ /)f"-'f
Ly lﬂft?ﬂ‘ $: ne/'})p;-g)' a(”t)

ocela'vane’ O (m %)

7
Hibbara (1963): 1 % %)) & =1
slogriost: nejhors’ & /n3h )

oceba'vans’ C nezneing’

bouth :  h = '.{'!(3“"')

?qefrnn- Stsscench /)‘. T .,zl‘q-,
slog) Jost : nej'barfj " &n -‘6.)

e

ocelavare’ T nNehaging’

—

7



76

Pratt (19%1) : 42,8, ..., 2“8’

konsfrukee. : .Z':S" PPo &=0142,..

4!-2’ 3{6;‘;1 ﬁ "i‘, /() gx f‘,"-

:M‘ reybors)’ = 0{/7(/9.&' v ocelbabare’s
= O(” /45 »)

Sealqgenricl (1962-6)
7,828 ..., 47" 221 ..

% %5 6%, .-, 2:47- 9'021'9,

slotrest: nej'barf} " B %)

oéebovone’ % Nezholyry’

] ’ ®
Neznene' . 5\':'.9‘«,‘: pr"‘: rastiovy’ Setvenee,
e —— y |

/)r'a &leroy je !/az'}'/arf aﬁ/?'k) ?

(4/«/”» v [primérnem /71,204'@



284 CAst 3 TRIDENI

Diagram 6.13
Dynamické cha-
rakteristiky shell-
sortu pro rmizne ty-
py soubori

Tyvto diagramy ukazuji
shellsort s pfirtistky 209
109 41 19 5 1 pii praci
se soubory, které jsou
nahodilé, gausidnské,
témeér uspordadané, re-
verzné uspofadané a
nahodile uspofddané
s 10 niznymi hodnota-
mi kiict (zleva doprava
nahofe). Doba béhu
kazdého pnichodu zd-
visi na tom, jak dobre je
soubor na zacitku pri-
chodu usporddan. Po
nékolika prichodech
jsou tyto soubory po-
dobné setiidény, takze
doba béhu neni aZ tak
zavisld na usporddani
vstupu.
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‘Emplrical study of the expected running time of
Shellsort .

We present the results of a large empirical
study of the running time of Shelisort. A previous
study reported by Knuth for several increment
sequences gave running times between S(N¥)
and G(N%) or G{Nlog? NY, but these forms are
not very accurate especially for large per-
mutations,

Our results give & running time of @(AN ) for
all of the increment sequences suggested by
Knuth and @(A"/®) for an increment sequence
sugpested by Sedgewick. Our fits are accurate
to within 1% for 250 < N < 1000 and about
0.1% for larger V. Much of the ecror in the fts
appears to be related (o the error in the measured
data. These results are significant because they
suggest that Oflog N} increment sequences with
O(N*) worst-case running times have AT 1Y
gverage-case running times and that there is no
increment sequence Tor which Shellsort is O(NV

fog A}, even on average.

Regeived March 1990

1. Introduction

-

- T ShélisorT is "a simple” sorting algorithm pro-

posed by Shel} in 1959."* For nearly sorled or
mid-sized files (a few thousand elements),

~ Shellsort performs as well as or bet1er than any

other known algorithm, including quicksort,
Furthermore, it is an in-place sorting al-
gorithm requiring little extra space and is easy
1o code,

Shellsort uses a sequence of integers 41, 4r,_,,
.y fi; and works by performing insertion sort
on subfiles consisung of elements , apart. We
call this an h-sort. If the input in array g s to
be sorled in nondecreasing order, then afler
an h-sort, a[x] 2 g[x—4,) for all h, < x £ N,
Typically the increment sequences are * almost’
geomelric sequences with h, = O(a") for some
x, stopping with /2, being the largest integer in
this sequence jess than M.

The three most popular increment sequences
are Shell's (h, = |4, /2]), with A, =|N/2|
Hibbard's (#, =2'—-1) and Knuth’s 4 =
K3 —1)).* Sedgewick!' gave a lourth incre-
ment sequence which is somewhat more
complicated, but seems to perform well in
practice. The running times of various sorting
algorithms on a SUN 3/60 are given in Table
I, below, -

Tabie 1 shows that Shellsort is faster than
heapsort and competitive with quicksort.
Quicksort, however, is complicated to im-
plement, and can 1ake quadratic time on
soried input if median-of-three partitioning is
not used (sce Refl. 12 for a description of all
these algorithms). It is thus surprising 1o find
that many books which discuss inserlion sort,
heapsort, mergesort and quicksort fail to
mention Shellsort.!¥%%-*1% Thig is probably
due 1o the fack of average-case results for the
running lime of Shellsort, The only accessible
empirical study of Shellsort appeats in Knulh,!
butl is rather incomplete and inconclusive.
Since the study is (wenty years old, it does not
cover Sedgewick’s increment sequence and
essentially extends only 1o ¥ = 60000,

When implemented with Shell's increment
sequence, Shellsort can take quadratictime if ¥

average lime o sort is roughly 22

is a power of 2, and will 1ake E'.I[NE} time on
average., For example, under the same con-
ditions as in Table 1, if & = 1048576, 1he
inules.
Thus this increment sequence, although easy
10 implement, is a paor choice for Shellsort.

Pra1t'® has shown that for increment se-
quences of the form [,...,5, = L a¥ 46, 2
an inleger the worst-case running time is
O(N?) (if consecutive increments are relatively
prime). This covers many of the increment
sequences commonly used, including Hib-
bard’s and Krnuth's, Knuth® conjectured that
the average running time for Shellsort using
Hibbard’s incremen! sequence was either

QNI or O(Nlog*N). In addition, the
runping time using Knuth's sequence wag
conjectured 1o be either (N %) or O(Vlop?
N'). The exponential form was deemed more
likely because the coefficients changed less
when large files were soried, and because j)
was more accurate (or smaller files. The
problem with the fit is that the sunning iime
should grow at Lhe same rate for both
increment seguences. Indeed, Kouth gives fits
of (N ) and (N1 ) for two other {rarely
used) increment sequences that! should also
grow at the same rate, Furthermore, #xam-
ination of the fits show that this [unctional
form is inaccurate lor large values {as well as

-Table 1. Running times {in seconds) of varjous sorting algorithms

Shellsort Quicksort
N Shell's Hibbard’s Knuth's Sedgewick's Heapsort Standard Optimised®
100 0.0024 0.0022 8.002! 0.0017 0.0042  0.0028 0.0024
1000 0.03354 0.0344  0.0306 0.0293 0.0557 00315 0.0259
10000 - (5890 0.5563  0.5000 (3.4300 .7165 0.3677 0.3153
100000 9.230 8.408 8.041 5730 8.859 4.230 3.553
1000000  141.6 130.3 135.4 71.2 104.7 47.1 4i.3

* Recursive with median-of-three partitioning and a cutoff of 10.

Table 2
N Cbserved exchanges Qur fit ANV e B{Nlog" N) fit
100 347.6 360.2 400.7 — 34359
500 _ 2950.0 29441 jO44 4 291.1
[0G0 7200.8 71390 1291.0 2514.6
S000 55831.4 558711 55397.2 4223217
L 134658.1 134966.1 1326739 116237.5
50000 1038169.2 1038314.1 [00E062.8 1022314.1
100000 2500 788.7 2497 784.2 2414267.4 2486839.0
00000 [9120679.6 19113501.4 18343726.9 18290748.7
1 000 000 345843881.9 458733000 . 439324446 42248 509.9
12000 000 1058423789.1 10523511126 1005397526.8 787733 188.2
Table 3

To1al number

Machines used

Permutation sizes of sorts
16, 10599 16000 16 SUN 3 workstations
100i, 10 £/ 5 99 16000 16 SUN 3 workstations
1000i, 10 £7< 45 4000 16 SUN 3 workstations
100000i, 5 £ i< 10 2000 5 SUN 3 workstations with > 8 Mb
12000000 - 100 1 VAX 785 with 128 Mb
Tabfe 4
Hibbard’s Knuth's Sedgewick’s
N - Average 5.D, Averape $.D. Average 5.0,
160 3476 26.3 432.1 34.3 461.8 37.9
1 000 72008 361.8 8901.3 446.3 7725.2 192.0
(000G 134658.1 6485.6 164960.3 7218.7 108811.7 043.0
100000 2500788.7 116343.3 2963 566.6 13319560 14094045 5281.4
[O00000 458488819 204390735 53477706.7  2306321.8 174211183 350683
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BUBBLESORT

for =32 fo n ab

,a. J‘l='” &Wﬂ b £ !‘:

£ al-1) > agy) thew x:=a(-1)
aGj-b e e
a())=x
enaif

e Ty

e holv

ehdalo

?rﬁabad xfrqm Aoleve , Mens)’ r 4 y e /w.rmf/:v' vievo .

V kasalein JIruchodly Sc Pibimaln, ckr Jiedy cheshope.
Nna Svou V!’# vrow /’02;2‘.'::

( ex. Syme fricba’ voriagnteq - /Jfb'&éad 2hevq da,amm)

y 9 {
%romn; . -z_ /)67- f) = aﬁ)z) y;_dy

V Z'm;hz S imelne O
. . 3
moximelne 5 h(n- 1) = O(n?)

primérné 50 h-1) = O(h?)
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V teto verzr pem’ adbptivn)’ na IS e posbypnesh
1) V lazdern [P chedy  pocrtal vymeny -
koly3 je pocet v)-'min O, postoapnest je setsidsrm’
L) v boides, /Jm'a/rm’# 2Gzpamepal pour, bele Hoslo
k poslecln/ LymEnE - fo budle @lr’ me2 pro
m:‘rk@::t; " proehod
2) SHARERSORT
STF) Ha’ /am'cbady -t/ﬁfdw Holeva g Pache
Bubblesort je ﬂﬂ)fm/ﬂ?“f - fﬁ!?/ﬂd:

$19 10,2  obe)’ 4 /:lnf#/?ad 2/ ruve dolevy
10,2, ¢, 9 3 preichedy zprava ookevy
1 prichod zleve Aopravy

Shakersort : o, 2, 4, 9

< 4, 449

= 2, 4,9 1o 2 [Ariiehody

Nettere' /Jr'vl y fe /mohey 2 byteche 12 Souval Fom a z/:g',l 3
10,2, &, 9, 1

— 4 1 2% %

— 4, 2, P:/sfofa
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Diagram 6.7 Dynamické cha-
rakteristiky dvou bublinko-
vych tiidéni

Standardni bublinkové tiidéni (vie-
vo) pracuje zplisobem podobnym
whérovému tiidéni v tom, Ze

v kaZdém prichodu pfenese jeden
prvek na konecnou pozid a sou-
¢asné, symetrickym zplisobem, pfi-
nese fake urdité uspoiddani pro
druhou &ist pole. Zménou prochd-
zeni pole stiiddnim od zaddtku do
konce a od konce k zacatku vznik-
ne verze bublinkového tiidéni zva-
nd stidsad tiidéni (shaker sort)
(vpravo), kterd skondi tiidéni mno-
hem rychleji (viz cviceni 6.30).
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Diagram 6.5 Dynamické

charakteristiky vkladacfho -

tiidéni a vybérového tédénf
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