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porovnini, kdyZ je v heapsortu pouZita f-nérni halda. Nejprve predpokladejte piimé
zobecnéni programu 9.7 a pak piedpoklidejme, Ze Floydova metoda mii¥e ve smycce
usetrit jednu operaci.

Fre e Diagram 9.12
—r=se:cesol  Dynamické cha-

S IR T TS
RN S -

pme=menint] rakteristiky heap-
sortu pro rizné typy

s I “—=-_ =] soubort
) i TRET Doba béhu heapsortu
; Qr. <===-4  neni nijak mimoiidné
— - ..71 ditlivd navstup. Bez
i : 4 "m——=x..=| ohledu na to, jaké jsou
;? SR - miii=oe=l vstupni hodnoty, je nej-
, ~——|  Vetsi prvek nalezen bé-
e -1 hem méné nezlg N
o ~ ol e krokil. Homi diagramy
ot ¢ o] yopdrtoia ukazuji soubory, jeZ
= Jsou ndhodné, gaussi-
.. . = | dnské téméF usporfida-
] s né, témérf reverzné
A T uspoiddané a ndhodné
_ — usporddané (nahofe,
-— | 2Zieva doprava). Druhy
— — ... diagram seshora uka-
ek e zuje vytvofeni haldy al-
n Fe— goritmem zdola nahoru
—— | azbwajid diagramy
— by o ukazuji pro kazdy sou-
Jxt, B o] C— bor proces setiid'ovéni.
T N Y= Haldy tak ¢f onak jesté
_— | odrdZeji plivodni sou-
"'!'!"/ | . = bor, ale jak proces po-
- ey kracuje, stdvaji spie
_ e haldami pro nahodny
——| Ssoubor
i — -
X g =

0 9.33 Pro N =32 udejte uspofadani kli¢d, jez ptim&je heapsort pouZit tolik porovnani, kolik
jen je mozné.
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valuexi appruximati_ﬁn' is similar to that for the upper bound given in the proof of
mSG'LHuIl:.;::l:; results are presented in the Table. For :m:l:n n, idcl:}ﬁml sets of 23
randomly generated distinct values were given to each snn]ng routine. The secon

column, WHS, is the average number of mmpunfuns r:qunreq by W:ﬂit'HanpSﬂ;L
The third column, QSORT, reflects those of an implementation of Quicksort [ t];
which partitions with the middie of three randomly sclected values. ‘I']:fe fnulrt

column, BUHS, is the data reported for Bottom-Up heapsort I'rm:n [1]: the last
column, MDRS, is the result of an implementation of Wegener's version ?t‘ Bottom-
Up heapsort [10]. The hgures in parenthesis are the :xp:t:':ta.d numbmj o ED;]E‘MES
{or each instance. For cxample, with WeakHeapSort, this is approximated by an
upper bound of the average of the best and worst case number of compares as given

above, i.e., (n — 0.5)logn — 0.413n.

Table. Simulated numbers of compares.

" T WHS | QSORT BUHS MDRS
B W 20 32( 38 e I
;g~ ziﬁ 132 60( 231) 293( 300 183 13;1
100 s14{ 619 §24( $M4) 696( 700) ‘;’9: 4?652
oo ST ;ﬁi ;i;;; 1;:?2: I;gg:: 10032{ 10012}
{00 oid i : 61862( 61678)

64207{ 6173)) 63309 63303
1% é:ﬁihm 140570 (135326} 136648 (136607) 133719(123152)
50000 754835{759824) B50962 (814483) 799741 (7991 32) TRS982(78285T)
. M

resents a formula {attributed to Kemp) r»lssulti.ng from an
anitllygis;];f::.:mid pumber of compares [of the version of Qurcksurtzu;;: h;re.
that is approximately 1.188nlog(n ~ 1) — 2.255n + 1,188 lng(f; ~ 1_) + 2. h ul]'
simulation, column QSORT, exceeds the formula values {gaven 10 pa'rcnt esis
consistently by 4-5%. Even then, when n > 500, the formula values are still grrja}t:;
than those observed for WeakHeapSort. The expected values for columns B
and MDRS were derived with the formulas nlogn + 0.373nandnlogn + 0.04:!5:1,
respectively, and arise from using the midpoints of the expected ranges for f(n) given

in Section 1. _
WeakHeapSort seems always to achicve the best case number of compares,

nl_lﬁg n)— 214 1 <logn— 0.913986n, when the data are initially in asa:nd;ng
order. The reason for this is not yet understood, hut' one should not conclude t a:;
preprocessing the data will be beneficial since the difference h:ctn.r::n the I:fnst :
worst casc number of comparisonsis at most n — [og n:l —‘1. It is difficult to imagine
preprocessing that would use fewer compares than this diflerence.
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by using one bit to encode on which branch the smaller clement can be found
and another one to mark if this information is unknown.

Table 1 presents data of our c++-implementation of various performant sort-
ing algorithms on some random sets of foting-point data. We have referenced
the number of data comparisons, transpositions and assignments.

[Comparisons ——__10[ 1pof 1000} 10000 100000]___ 1000000]
QUICKSORT = Eal73D.10|11835.10|161168.63| 20718845.53[25632231.18
OLEVER-QUICKSCRT 3.35164D 36(10335.83(143148.56 | [820008.56 | 22290868, 50
TOM.UP-HE =% 43[694.76]10305.10|136513.60|1698272.00/20281364.60
R-HEAPSORT 30,76 |656.43| DBAB.#3|132316.06]|1656365.03]|19863064.60

- 5T 60|618.63] 9513.40]128568.30[1618689.00 19487763.03)

- - 55 005 73.00| 8077.00]123617.00|1568929.00[13951425.00

REEDY. WEAR-HEAPSORT |25.00(573.00] 6977.00[123617.00[1568929.00]18951425.00
OUICK-HEAPSORT 55 GRITAL.B3|11630.001150083.96{1827962.60]22000593. 93
MW 78 .43 [GR0.00]10045.76 (13340413 |1659777.23|20266957.30
T EVEI-HEAPSORT 50 T0IT2T.73(11322.86|148107.30 161026G4.86(|21416210.8(
, . . PEORT |27.86|600.23] 9418.961126164.83 1814333.26119602152.26
xchanges - 10) 100 1000 10060 100000 1000000
C RT - 3 38]161.00] 2369.70] 31501.43] 391003.10] 1668411.06
CTEVER-QUICKSORT S 53(165.331 2434.03| 32294.80] 401730.13 150305693
"BOTTOM-UB-BEAPSORT 900 G9.00| 0699.00] 9899.00 9999%.0D DG999%.00|
MDR-BEAPSORT 500 D00 998.00] 0950.00] 99009.00] 999959.00
WEAR-BEAPSORT 1550336 66] 4960 70 66037.53| 803705.33} $578990.20
A ELAXED - WEAK-HEAPSORT{22.76|412,08] 5800.13] 7500140 915744.06|10700844.38
mymmm2‘-:}',{m'_aa"f.an"'ﬁ'm?‘.aa “600255.03| ORGBG1.66|10177597.60
Q - P T = 63| 7220, B70.80] 6727.60] 65321.76; 696398 30
ICR-WEAK-HEAPS {3 d6(313.00] 4900.66] 66920.90] 838173.16] 9985011.30
CLEVER-OEAPSORT il 5070 661.00] 6478.16| 64919.86| 652938.26
TTEVER-WEAR-BEAPSORT |14.53|326.66 5071.36| 67678.40| B4Z446.46|10066407.13
Assignments _ _1ﬁ 100 1000 100040 100000 1000000
QUICKSORT 5.33] 66.00] 666.70] 6670.86] 6o6b1.43] 666649.50
C ER- 3 33| 46.26, 402.207 4571.30] 45745.93] 457071.86
ST TS UP-NEAPSORT |43.66]781.66]11116,30|144606.73|1770038.73 2 1058608.53]
MDR-HEAPSORT 13 50760001 10965.561142759,63|1758206.06|20856586.16
WEAK-HEAPSORT 17.001101.00] 1001.00| 10001.0%] 100001.00] 1000001.00
RETAXED-WEAK-HEAPSORT| 0.00] 0.00 0.00 0.00 0.00 0.00
- - E501126.80| 1268.40| 11649.73] L18028.26] 1226832.8U
OUTCR-BEAPSORT 37.03]603.70|10752.03| 141534 50[1767454. 76 [20697340.96
GUTCK-WEAR-HEAPSORT 3.46| L1.46] 18.90 25.30 33.26 12,76
CLEVER-HEAPSORT 01671670 10827.53|142134.60|1759835.10| 20892687 56
*IEVER-WEAK-HEAPSORT { 2.06] 8.50] 1436 20.70 26.16 32.93

Teble 1. Number of comparisons, exchanges, assignimnents of the different algorithms
on random data averaged over 30 runs.
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Integer Double cmpr (Double)

t. = 0.05usec , by = 0.08usec|t, = 0.05usec | Ly = 0.07usecit, = 0.3usec , ¢, = 0.07usec
=1 10 10° 105 10 10° 105 10% 10° 10°
H [ 005 0.5 12.37] 0.10 1.40 20.35] 0.14 1.96 27.28
BU | 0.09 1.25 18.80] 0.13 1.83 25.88| 0.15 2.00 27.62
i-Q | 0.04 040 4,81 0.07 0.80 9.74] 0.10 1.25 15.10
Q | 003 037 . 4.54| 0.06 0.74 8.92| 0.09 112 13.49
¢-Q [[0.03][0.33 4.08](0.05 ][ 0.69 8.34 [ 0.08]{0.99 11.99
QH| 005 0.64 10.43| 0.08 1.10 16.85| 0.10 1.42 19.96
¢-QH| 0.04 0.65 10.48] 0.08 1.11 16.92t 0.10 1.38 20.05

emp; (Integer) emps (Integer) cmps (Integer)

t, = 0.19usec |, twm = 0.00usec| &, == 2.0usec , im = D.06usec te. = 4.Tueac , 4 = 0.06usec
= [ 10" _10° 10° 10 10° i0°] _10° 10° 10°
H [ 0.10 135 19.16] 0.54 7.04 88.20] 1.00 12.92 159.66
BU| 0.11 1.52 21.23| 0.37 4.72 58.94| 0.64 8.09 08.42
i-Q 1 007 0.85 10.12] 0.42 5.44 64.96| 0.79 10.24 120.69
Q | 007 080 9.60] 0.40 4.93 59.53| 0.74 9.20 110.29
e-Q [[0.05][0.68 8.30] 0.35 4.42 53.82) 0.64 8.22 99,24
QH [ 008 0.99 13.99| 0.37 4.57 54.57I 0.66 B.1T 95.11
c-QH| 0.07 0.98 13.98( 0.34 ][ 4.22 52.15 || 0.61|(7.63 91.58 ]

Table 2. Average running times in seconds (sample size = 10}.

Cache performance has considerably less influence on the behaviour of sorting
algorithms than does paging performance (cf. [14], Chap. 8); for such reason, we
believe that we can ignore completely possible negative effects due to caching.

Concerning virtual memory problems, i.e. demand paging, all Quicksort al-
gorithms show good locality of reference, whereas Heapsort algorithms, and also
QuickHeapsort algorithms, tend to use pages that contain the top of the heap
heavily, and to use in & random manner pages that contain the bottom of the
heap (cf. [14]). Such observation allows us to conciude that an execution of ¢-Q
cannot be more penalized than an execution of ¢c-QH by delays due to paging
problems. Hence, we can reasonably conclude that the success of c-QH is not
due to paging performance.

5. Conclusions

We presented QuickHeapsort, a new practical “in-place” sorting algorithm ob-
tained by merging some characteristics of Bottom-Up-Heapsort and Quicksort.
Both theoretical analysis and experimental tests confirm the merits of Quick-
Heapsort.

The experimental results obtained show that it is convenient to use clever-
QuickHeapsort when the input size n is large enough and each key comparison
operation is computationally expensive.
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5.2 Srovnani vysledki hlavni implementace

Razeni algoritmii v grafech odpovida pofadi, v jakém jsou algoritmy uvedeny v kap. 3.

5.2.1 Porovnani algoritmii

Tabulka 5.2 zobrazuje pofadi jednotlivych algoritmi. Pofadi v ¢ase je vysledkem
porovnani pofadi podle primérnych ¢asi algoritmt dosaZenych v kazdé z testo-
vanych délek.

| algoritmus | ¢as | porovnani |
T3 EE
BUH
NH
NHM
BUHBS
NHI
NHRBS
MDRH
WH

=

WHN2ZM

IR PR R R P S

EWH

=
(=

RWH

—
Ll

Tabulka 5.2: Pofadi v dosaZenych ¢asech a poétech porovnan{

Z grafu 5.5 vidime, Ze pofadi neni neménné, ale ménf se v zavislosti na délce
testovanych posloupnosti.

Poradi v Gase vzavislostinadélea
pofadi

—p—T3
—m— BUH
E— NH

= s NHM
s T B R —w—BUHBS
- e ;{.:‘»...Ei —+—MNHR
—+—MNHRBS
——MDORH
———WuH
4 WH N
31 3 = BEwiH
2 Bt m RWH

,

123 56 17 B 2 WHIZ0 WISENE D0 000 délka
(we 100 tis.)
Obrazek 5.5: Poradi v primérném tase v zavislosti na délce

Jind je situace u pofadi daného pottem porovnani, jak ho ukazuje graf 5.6.
Pofadi je neménné, nejnizitho poétu porovnani dosahuji algoritmy EWH a RWH
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(maji stejny pofet porovnéni), nejvyssi potet porovnani mi T3.

Poradi vpodu porownani vezavislasti na délce

pofadi
27— 4
——T
& —=— BUH
104 + 1 1 -t Fooe Foo=n ¥ —t —t + 4 + t x : foeoes NH

G —ah— B B ————— 8 S — N —— HHM
B e e | | — BUHBS

[, fae e e e T —=+— NHR

{snsssssssssssssnessnseua | NHRE
—=WIRH

———WH
WHHEM
BivH
FrH

T
6
=]
i A e
3
2

14+ v . v B ML, 1 W T 0T P ' B BB B LE B, o [ dﬂ“i
12 3 ¢+ 5 6 7T 83 3101 3N TIIEKVAODWETIM {ve 100 tis.)

Obrézek 5.6: Pofad{ v priimérném poétu porovnani v zavislosti na délce

Zajimavé je srovnani obou grafii, tedy porovnani pofadi kazdého z algoritmi
z grafu 5.5 s pofadim z grafu 5.6. Srovnani vidime na grafu 5.7. Pro ndzornost
jsou hodnotami obou veli¢in proloZeny kfivky (polynomy Sestého stupné). Pofadi
v dosazeném Case je (pro kazdy algoritmus zvIast) primérem pofadi pfes viechny
testované délky posloupnosti. Z grafu mazeme vyvodit nékolik pozorovani.
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(brazek 5.7: Srovnini pofadi v €éase a v pottu porovnini

Za prvé vynikd kontrast u algoritmu T3 - afkoliv tento algoritmus potfebuje
pii t¥idéni zdaleka nejvice porovnani, patfi zaroveii k nejrychlej$im. Tento algo-
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