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ABSTRACT

Quicksort is an efficient and fast sorting algorithm that is based on divide and conquer
approach. The previous researches showed that the way to select the pivot which is used to
partition the data can affect the performance of the algorithm. However, there was not any
research that compared the proposed pivot selection techniques on the various kinds of data sets.
This kind of research is important since developers can have a guideline in order to choose the
suitable pivot that fit well for their data. This special project aims to do such an experiment. The
various patterns of integer such as uniform distributed data, nearly sorted data,and a data set that
contains a number of repeated data, were prepared. The major pivot selection techniques such as
median, first, middle and last values were applied on the prepared data set. The comparison
aspects that were tested are, average execution time, comparison, and swapping time.The results
are shown and summarized in the form of graphs so that developers can use this information to
easily select the proper pivot for their desired data. The researchers may also use this information

to improve the quick sort algorithm.

Keywords : Quicksort Algorithm
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:.! asd A d
2.1.2 Pseudo code UDIVHABUITAINNOIA
gf ad a I 1 =] I g
VUADUITAINYDIALVUNUFIU SV pseudo code AN

quicksort(a[], low, high) {
if (high > low) {
pivot = partition(a, low, high);
quicksort(a, low, pivot-1);

quicksort(a, pivot+1, high);

}
partition(a[], low, high) {
pivot = findPivot();
left = low;
right = high;
int pivot_item = a[pivot];
while (left < right) {
while ((a[left] <= pivot_item) && (left < high)) left++;
while ((a[right] > pivot_item) && (right > low)) right--;
if (left < right) swap(a, left, right);
}
a[pivot] = a[right];
a[right] = pivot_item;

return right;
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Table 1: Average execution time (scc) of the six schemes i
Armray Median  Median Median Median Median Median

size S0 Sl 70 il 90 91

100K 0.16 0.21 0.31 0.32 0.32 0.51
150K 0.25 0.34 0.47 047 049 0.77
200K 0.34 0.47 0.658 0.66 0.66 1.06
250K 0.44 0.60 0.84 0.84 0.86 1.35
300K 0.53 0.72 1.O4 1.05 1.08 1.66
350K 0.58 0.80 1.16 1.18 1.18 1.83

1 kY u w o a e
NN 2.1 AI0UNHATNTURINIUIIY Comparative Analysis of Some Pivot Selection Schemes

Jor Quicksort Algorithm
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2.3 MIUAMVY uniform distribution
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F(x)
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b-a | ‘
0 a b P o

N 2.4 M3GUAWUY uniform distribution
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Time (ms)
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mid 6927.5 42106.8 82795.5
random 7049.5 40537.8 83044.3
med3 6144.9 34266.9 70329.5
med5 6599.3 37040.5 77462.3

m first

m last

m mid

m random
H med3

w med5

A 4.2 SnnuasvlumsuSsuiivuvesdeyailszinn uniform distribution
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45000
40000
35000
30000

@ 25000

E 20000 o first
15000 m last
AR00L 4 w mid
=000 o : ; 5 m random

e 1000 5000 10000 m med3

first 2708.6 17278 38229.1  med5
last 2707.2 17201.4 38399.5
mid 2695.1 17253.8 38721
random 27125 17347.9 38664.9
med3 2760.2 17663.2 39319.4
med5 2760.5 17559.6 39047.9

MNN 43 T0uATlumsadunvesdayailszin uniform distribution
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140
120
100
é’_ 80
E - m first
- y mlast
40 m mid
20 + é 5 m random
.‘ i i mmed3
e 1% 5% 70% 90% o
first 107 118.8 125.2 66.4 424
last 74 75.2 73 59.4 45.2
mid 35 37.4 42 37.8 30.2
random 52 44.2 42.8 434 35.4
med3 38 50.8 52 47.2 37
med5 TR BT 77.8 63.6 41.4

il 4.4 nonlumsilszananavesdoyainouiFssddunatiosliing

dmfumadnisnoundilumanSoufivuvesdoyanuiioufssdivunmisy
Tilinn danmdi 4.5 i lwenudy uasmgamoiudsiulumsuBoudeunai lnen
wiinduq schusinldsa 'lmﬂas'v‘fsuafﬂmﬂagﬂﬁﬁa111"[51‘%&1451#711 0%, 1% LAz 5% IN51z9oyal
msfsamduudaiiudnann ieidond Inenfidluns Gusiigau ldidanisnSoudion

o i = o ﬂ‘ \ U A 1 ]
sannluudazmiigy luvazimsidonm lwaenvinminanats, Mgy 1ag median-of-three
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o i o_ o 2 ' 2 v =)
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wadnisuas lumsaduiivesfoyauuuiousadwunimise T und
a = v o Z = ' & .
wnTdu lludiemaderdusnounsalumsuSeudfisufien lwaennanaiaas median-of-
Yo o v A9 A ' Jaw ) & " A
three 9199 1uas lumsaduinieuiiesnnlumazminduvesdeyatinezeglugiuuuneu

-~ o w o ] : o ' {1 o 1o v 1w {
Fosddu mimnanad Iiueglugiwunsdiiaigede Tisulludealimsadua danmi 4.6

60000000
50000000 -
40000000 -
Q
£ 30000000 -
v m first
20000000 - m last
1 = mid
10000000 {8 —F & 7 < 2\hIA0 LN
i til mrandom
0 L L i | . - Emed3
0% 1% 5% 70% | 90%
fist  |4999500049567958/46281932/13372495| 5339208 | " Med5
last  149995000/49650917/48781250(18858735| 4938081
mid | 113631 | 113618 |113368.6/109830.2| 109026
random | 146778 |152618.8 | 152690.2|123881.8| 118450
med3 | 113631 | 113561 |112906.2| 96795.8 | 90203.6
med5 |12559309/12444765 12558594 3722283 |674455.8

i 4.5 SunsalumsnfSouiisuvesdoyaiiouiFssdduninmieslun



30000
25000
20000
Q
£ 15000
e
10000
5000
0 - 2 o 4y o
0% 1% 5% 70% 90%
first 9999 | 10054.8 | 10707.8 | 24700.8 | 13865.6
last 9999 | 10061.2 | 10712.4 | 24770 | 13885.65
mid 5904 5998.2 | 6778.2 | 23238.2 | 10479.65
random| 6619 6746.4 7546 23598 |11127.35
med3 5904 6003.8 | 6814.6 | 23876.6 |10649.75
med5 7951 8029.2 | 8855.8 | 24489 |12331.25

o first

m last

= mid

® random
mmed3

1 med5

M v 1
mni 4.6 SnnuasalunsaduvesteyafeuFsadwunadesliing
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Time (ms)

100

70%
first 70 70.2 85.6 70.4 31.2
last 92 84 83 84 324
mid 34 29.2 28.2 30.2 32.2
random| 36 34 34.6 35.4 35.4
med3 33 32.8 34 346 34.2
med5 57 58.6 59 58.6 39.6

m first

o last

m mid

m random
® med3

w1 med5

mni 4.7 nanlumslssnanavesdeyamevidssddunundoundunimnnlihios
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60000000

Time

50000000

40000000

30000000

20000000 -

10000000

=]

L

2 1% 5% 70% 90%
first 49990000 45659076 43804706| 9437634 | 235423.2
last 49990000 45662426/43763267| 9404285 | 238226
mid | 103644 | 103621 |103599.4|102969.6| 101852
random | 156139 |151629.6(149936.8 |119472.6| 109436
med3 | 103644 |103338.2(103064.2| 95336.4 | 95336.4
med5 12549322(12447261(12058912| 1179377 |570439.8

m first

m last

= mid
®mrandom
H med3

= med5

H ¥ =) o/ o
i 4.8 Twmaselunmsulisuiisuvesdeyameussdnunuudounauninun liifes

Time

40000

35000
30000
25000
20000
15000
10000
5000

0 -
first 9999 10891.8 | 11657.2 | 30106.2 | 33892.6
last 9999 10877.2 | 11646 | 30196.4 | 33796.8
mid 10904 | 11376.2 | 11766 | 29043.8 | 33804
random| 11716 | 12111.6 | 12522.2 | 29358.2 | 33436
med3 10904 | 11393.2 | 11805 | 29550.4 | 34423.2
med5 12951 | 13406.2 | 13728.2 | 29785.2 | 34602.6

m first

o last

= mid

m random
® med3

mmed5
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4.1.4 wamInaaeIveteyailszanii 4
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A3 yadayananuail 10000 /2 Tasvuinvssswaudeyaiishll o, 2000, 5000 tag 7000 72

vinnadninwd 4.10 uaas Wifiud lwenyila mgateuazainais Ml
1 o X I g r f 1
midsznanadesiiganudoyauuuguid Temadh msel Temafiz Idmimmeay uaz 14

nalumsmia lwrenides iWeiisums 145 Tnaenoinmsgu w5o median v 1zl Tomaiag

A o U

v 42w o v ar A
wonmginld uazdesldia lumsdunamalwien Tasninwadns iedasdundoya

2 & P v 1 o/ Wl Y n
waiunnvu nanlFlumsidssmanavesmganie wiemnais Aumgy ¥3o median 12

HANATIDY TR
50
45
40
35
E
@ 2 E = m first
E 2 7 7
= ik § P @ m last
10 g ﬂ‘! m mid
5 - i y ] mrandom
0 % ' g’w : mmed3
0 2000 5000 7000
first 31 32.2 414 38 “ med5
last 30.6 30.2 38.6 30.4
mid 32.4 30.4 396 30.2
random|  35.4 36.8 458 Ire
med3 36.6 35.4 43.4 36.2
med5 37.4 37.8 456 38.4

' . 2 ”
ami 410 nalumsilszwanavesdoyaguinelidoyadmusavay 5 @2

o @ o & = k) = w o
dmiumadnidauas lumanFsuiisuvesdoyailsziani 4 nawadninw
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enminanfiminzauvewaazi iy Tasiuengudledaunlsznana v ldmunse

a A ' dﬂ o 3 A d'ﬂ ad d w  do ¥ v o

nanemnaeailudga vsemnanilunsdinugnga uaznaanisuasslumsaduinly
= Ao = a w 9 ' a 2 e

il 4.12 BSnnummasiilndifissdu mszdeyaflumsmsasznsnuudu uazfinvan v

s d i
Iidpatinsaduihouyndumisvestoya

160000
140000
120000
100000 b
@ ,L%
£ 80000 @ .
= B b m first
60000 &
ﬁ i M last
10000 Eﬁﬁ = mid
20000 - | oo
N o | mrandom
0 [ ﬁ J o
0 2000 50 7000 m med3
first 129459 115072.8 | 137592.2 107744 = medS
last 130532.6 | 117637.2 127761 114223.6
mid 105284.2 | 94612.8 103643 94751
random| 109968 109228.6 | 105877.8 95614
med3 88800.4 83325.6 89536 79569.8
med5 | 1004824 | 94269.2 97765.4 86292

dl ) 5 =4 ¥ L = g o
ai 411 $nnuasilumsnlSsuisuvesdoyagu Taslidoyadmunsavas 5 @2



38000

37000
36000
35000

€ 34000

= e m first
33000 m last
32000 m mid
31000 - mrandom
30000 - ‘ -

0 2000 5000 7000 mmed3
first 33941 33200.8 35547 36271.4 W med5
last 33987.6 33208.6 35830.6 36203.2
mid 33594.4 32807.8 35764 36286.6
random| 33765.2 32986.4 36157 36361.2
med3 34566.2 33755.6 36438 36951.6
med5 34280.4 33388 36112.4 36703.4
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)
£
£ m first
=
m last
mmid
mrandom
m med3
m med5
first 31 37.2 40 32.6
last 30.6 3y 2 35.8 32.6
mid 324 36.8 35 34.8
random 35.4 42.4 36.6 36.8
med3 36.6 46.4 46.6 41.2
med5 37.4 43.4 46 42.8
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Time

120000

100000
80000
60000
40000 -
20000 gt

N b
0 2000 5000 7000

first 129459 121218 102990.4 107522.8
last 130532.6 120652.4 103402 101420.4
mid 105284.2 98166.6 93892.2 88024.4
random 109968 105970 89711.6 87500.6
med3 88800.4 84000.4 76528.4 72198.6
med5 100482.4 93587.6 86247 78391.4

m first

m last

= mid
mrandom
H med3

mmed5

; 2 ; 2 o
M 4.14 SuouasslumafSvuisuvesdoyagu Taslidoyadshmneavas 20 /2

Time

first

35252.2

38454.8

last

33987.6

354434

37477

38405.2

mid

33594.4

35019

37176.6

38481.4

random

33765.2

35195.8

37579.2

38395.8

med3

34566.2

35900.4

38058.6

39124.2

med5

342804

35788

37823.4

38948

m first

m last

= mid
Erandom
Hmed3

= med5

ﬂ' o 2 o £ 1 = 9 3 o
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