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Quicksort Using Range Pivot
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Abstract

Generally, Quicksort selects the pivot from leftmost, rightmost, middle, or random location in the array. This paper
suggests Quicksort using middle range pivot Fj, and continually divides into 2. This method searches the
minimum value £ and maximum value A in the length n of list A. Then compute the initial pivot key
Py=(H+L)/2 and swaps ali] > Py, alj] < P, until i =j or i > j. After the swap, the length of list A4,
separates in two lists a[l] < A; < alj] and ali] < A, < aln] and the pivot values are selected hy
P, =P,/2, P,= P,+ P,. This process repeated until the length of partial list is two. At the length of list is
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two and all] > al2], swaps as a[l]<>a[2]. This method is simpler pivot key process than Quicksort and

improved the worst-case computational complexity

O(n?

) to O(nlogn).
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A=0.1,2,34,56(78109111[13,12]14,15]16[21,28.26,25.22,18,17,30,2331,2029,18,27,26,24]

Py
A=0,1,2,3,4,5,6,78,9,10 1113 12],14[15]16[21,28,26.25,22.18,17,30,23 31.20,2918,27,25,24]
| A=D123456]785 1011113 12114[15,16[21.28 262522 131730233120 918172524

A=01,23456,78910,11, [13j 14[15]16,21,28,26,25,22,19,17,30,2331,20,29,18,27,26,24
10.A=0,1,2,3456,7,89,101,11[1213],1¢ [15],16,[21,28,26,25,22,19,17,30,.23,31,20,29,18,27,26,24]

©

Py
11.A=01234,56,78910,111213141516,[21,28,26,25,22,1917,30,23,31,20,29,18,27,26,24]

P
A=012345678910111213141516[2118 26,2522 19‘17,30,23,31,20,29,28,27,26,2_;
A=0,1,2,34,567:89,10,11121314,15,16[2118,20,25,22,1917,30,23 31,26,29,28,27,26 24
A=01234,567,89,10,1112,13,14,15,16[21,18,20,23,2219,17,30,25,31,26,29,28,27.26,24]
A=012345678910111213141516[21,18,20232219,17,30,25,31.26,29,2827,26 24]
A=01234567,891011121314,15,16[21,18,20,23,22.19,17,24,25,31,26,29,28,27,25,30]

12. A=l 0123456/RQMTH?HMTHGDT7R7ﬂ7277TQJPZ]2L[253W 26,29,28.2 76%@

A=0,1234567891011121314,15,16[21, 1820232219u]‘4[25312629282/26,30]
A= 0123456/RQTMT171”41516[171870717"79;]7“7“1 26,29,2827,26,30]

A=012,34567,89,101112,1314,15,16[17,18,20,23,22,19,21,.24,25,31,26,29,28,27,26,30]
A=01234567891011121314,15,16[17,18,20,19,22,2321] 24 25,31,26,29.28,27,26,30]
A=012,34567,89,10,1112,1314,15,16[17,18,20,19,21,23,22],24(25,31,26,29,28,27,26,30]

13.A<012345678 9101112 1314 1516117, 18.2019121,23,221 24 12531, 26 292827 26 0]

A=012,3456789101112131415.16(1718,20,19121,123 221242531 26,29.28 27,26 30]
A=0,12345,67,89,10,1112,13,14,15 16[17,18,19,20],21,[23,22],24 [25,31,26,29,28,27,26,30]
14.A=01234567 8910111213 1415167181920 21(23.22] 24 2531.26 2928 2726 3]
A=0,12,34567,8910111213,1415 1617,18.19.20,21[2328 242531, 26.29.28,27,26, 2]
A=0123,4567.8910111213 14,15 1617,1819,20,21,[22,23], 2425,31,26,29,28,27,26,30]
15.A 0123456/R‘HMT771174151617TRT°’077777174[253_,26’9282726J

A=0123456789,1011121314,151617,1819,20,21,22,23 2425 31, 26292827263_]

A=0123456789,10111213,14,151617,1819,20,21,22,23,2425,26,26,29,28.27,31,30]

A=0,12,3456789,1011121314,151617,18,19,20,21,22,23,24,[25,26,26,29,28.27,30,31]
16.A=0,123,45,67,89,10,11,12,1314,1516,17,13,1920,21,22,23 74,[25,26,26,29,28,%11,30,@

16 Py

A=012,34567,89,10,1112,13,14,15,1617,18,19,20,21,22,23,24,(25,26,26, 29,28 27 30,[31]
A=01234567891011121314,151617,181920,21,22,23 24,25 26,26,27,28,29] 30,[31]

17.A=0,123456,78910,1112,13,1415161718,19,20,2122,23 24 [2526;8]27 128, 29]30 [31]

A=0123456789,1011121314,151617,1819,20,21 777%74[2526J27[2829]30[’1]
18.A=0,123/456,789,10,11121314,1516,17,18,19,20,21,22,23,24,25,26,26,27,[28,29],30,[31]

18
19.A=0,123456,7,89,10,11121314,15,16,17,18,19,20,21,22,23 24,25 26.26,27,28,29,30/31]
P
A=10.12,34567,89.10,11,12.13,14.15,16,17.18 19.20.21,22,23,24.25,26,26,27,28.29,30,31]
(@) ZIPZ miH! 2 U

Py=(0+31)2-155

1.A=[18,9,4,1129,231417,19,2513,12,7,24,5,6,3,21,28,26,1022,10,3015,31,20,3 2,27,26,16]
[16,9,4,2,820,14,151¢,01,12,7,245,6,3,21,28,26,10,22,13,2530,17,31,23,29,11,2726,18]
[11,9,4,28,20,14,2518,0,1,12,7,24,5,6,321,28,2610,22,13,25,30,17,31,23,29,16,27.26,18]
[1194,281314,1519,01,12,7,245,6,3,21,28,2610,22,20,2530,17,31,23,29,16,27.26,18]
[11,9,4,281314,15,200,1,12,7,24,5,6,3,21,28,26,19,22,20,25,30,17,31,23,29,16,27,26,18]
[
[

1194,28131415, 11273556, 2421, 28,26,19,22,20,25,30,17,31,23,29,16,27.26,18]
119,4,281314,15.00,1,12,7,3,56][24,21,28 26,19,22,20,25,30,17,31 9,16,27,25,18]
5.5/2=7.75 Pe=15.5+7.75=23.25
111,9.42,8131¢151001,12,7,3 551, 24,21,28,26 19,22,2025,30,17,31.23,29,16,27,26 18]
[€.53,2,81,0101514,1312749,11][182127,16,19 0,17,30,25,31,23 29,26,28,26,24]
[€53,2410,10,151 4 233 9,11],[18,2123,16,19,22,20,17,30,25,31,27,29,26,28,26,24]
653241071514, 9,11,[18,21.23,16,19,22,20,17],(30,25,31,27,29,26,28,26,24]
[€53,2£107]15 14,,3 1210,89,11],[1821,23,16,19,22,20,17],[30,253,27,29,26,28,26,24]
:=7.75/2=388 Pee23.25:388-19.37
5,3,2.4,107][1514,1312108,9,11] 1 16,19.22,20,17],130,25,31,27,29,26 28,26,24]
Ps=7.75+388=11.63 P13=23.25+388=27.13
,012,4357][11,9,810,12,1314,15][17,20,22,16,19.23,21,181[24,25 28,26,29,27,31,26 30]
30124,657)[11,9,810],[1213,14,15,[17,1822,16,19,23,21,20],[24,25,26,26,29,27,31 28 30]
01,2 ,71,1119,8,10],[12,13,14,15)[17,18,19,16 22,23, 21,20],[24,25,26,26,27],[29,31,28,30]
,01,2],14,6,5,71,111,9,8,10][12,13,14,15],[17,18,19,16],[22,23 21,20] [24,25,26,26,27],129,31,28,30]
4 P=1163-1.94=9.69 P1;=19.37-1.94=17.43 P14=27.13-1.94=25.19

4.A=[3012]14557], [an,g [12 13 141‘]L7 19,16],[2: 1,20],[24,25,26,26,27],29,31,28,30]
Ps=3.88+13. Z .63+1.94=13.! Pp=19.37+194=2131 Py=27.13+1.94=29.07

13]4,5,67[10 1]12131415[16181914][202123‘2]242 26,2627,[29,28,31,30]
314,56,7/9810,11]1213,14,15,[16,17,19,18][20,21][23,22],24,25,26,26,27,2¢,28],31,30]
314.56,7,[9,8,[10,11],12,13 14,15 [16,17],[1€,18],20.21,[23 22],24,25 26,26,27,129,28] [31,30]

=[10]2345,67[98]1011,12,.31415,16,17[1918],20,21,123,22] 24,25,26,26,27,[29.28],[31,30]
=01234,567891011,12,13141516,17,18,19,20,21,22,23,24,2526,26,27,28,29,30,31

(b) B 2{mes
21 7. 2 clole-330d| EH°J e
Fig. 7. Quicksort for Random Data-33
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