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Virtual Radix Counting Bucket sort
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Abstract  Generally, there is no sorting algorithm much faster than O(nlogn). The

performance O(nlogn) in best and average-case, and O(n®
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quicksort has a best

) in worst-case. This paper suggests virtual radix

counting bucket sort such that counting the frequency of numbers in each radix digit, and moves the arbitrary
number to proper virtual bucket in the array, and divides the array into radix digit numbers virtually. Also, this
algorithm moves the data to proper location within an array for using the minimum auxiliary memory. This

algorithm performs k-times such that the number of k digits in given data and the time complexity is O(n).

Therefore, this algorithm has a O(kn) time complexity.
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A=[185411,2923141719.251312,7.245,6,3,21,28,261022,1030,1531.20,8, 227.26,16]

a3 9. &F dlolg
Fig. 9. Experimental Data

2% 9] 3370 wlolelel oisl A9 sy g A)
A% ARG 488 A 27 10 AAHo)

1 A=(18,9411.29.23,1417.192513,127,24563212826.10,22,1,0301531,208,2,27 26,161

A=[2,9,4,11,29,23,14,17,19,2513,12, 7245 63, 21282610 22 1,0,30,15,31,20,8,18,27,26, 13]

A=[2,9,4,11,8,23,14,17,19,25,13,12,7,24, 1 1,0,30,15,31,20,29,1 ,26,16]
9,4,11,8,1514,17,19,2513,127, 24 56 3,21,28,. 25 10 22,1,0,30,23,31,20,29,18,27,26,16]

726L]
1

, ,16]
, 1 1401101312771’ 6,3,21 72616]
A=[2/9,4,118/1514,0,110,13,12,7,3,56,24,21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,1 6]
A=[2,9,4,11,8,1514,0,1,10,13,12,7,3,5,6,16,21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
A=[2,9,4,11,8,15,14,0,1,10,13,12,7,3,5,6],16,[21 6,25,22,19,17,30,23,31,20,29,1 ,zs,&]

A=[2,94,11,81514,0,1,10,1312,7,3, 5é 16, 21,25,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
A=[2,54, 1 1,8,1514,0,1,10,1312,7,3,9,6],16,[21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
31,20,29,18,27,26,24]

24]
191 0 1 0,29,1 2624]

19,17,30,23,31,20,29,18,27,26,24]

S14.
(254,31 nm n 10,13,1 ,11,9,13] 16,121 6, 19,17,30,23,31,20,29,18,27,26,24]
[0,5.4,3,1,2]6,(15,8,10,13,12,7,11,9,14],16,[21 6,25,22,19,17,30, 1,20,29,18,27,26,24]
5431 5,22,19,17,30,23,31,20,29,18,27,26,24]
,22,19,17,30,23,31,20,29,18,27,26,24]
19,17,30,23,31,20,29,18,27,26,24]

A=[0,1],2,[3,5,4],6,(15,8,10,13,12,7,11,9,14],16,[21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]

. 3
A=[0,1],2,(3,5,41,6,115,8,10,13,12,7,11,9,14],16,(21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
,5,4],6,15,8,10,13,12,7,11,9,14],16,[21 6,25,22,19,1 502331202918272624]
5 G[TERTO’I 12, 11914115!71 26,25, 1917, 7,26,24]
,(15,8,10,13,12,7,11,9.141,16,21,28,26,25,22, 19,17,30,23,31,2029 15 27,26,24]
6.9,810,1312,7,11,15,14],16,21,28 26, 25,22,19,17,30,23,31,20,29,18,27,26,24]
810,131 5)16,(21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
[15],16,[21, 6, : 19,17,30, 1,20,29,1 ,26,24]
Py Pin
A=0,1,2,34,56[98,10,1312,7,11]14,[15]16,(21,28,26,25, 1@17 0, 1 n 9,18,27,26,24]
A=0,1,23,456[9810,7,12,13,11],14,[15],16,[21 6,25, ,30, 9,18,27,26,24]
A= 0123456[98107]11[1312]14[15]16[21282625221917302351202918272524]

6.A=0,1,2,3,4,5,6,9,8107],11,[13,12],14,[15],16,[21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]

121 1212
A=0,1,2,34,56,9,810,7],11,[13,12]14,[15],16,[21,28,26,25,22,19,17,30, 1,20,29,1 ,26,24]
7.A=0,1,2,3,456,7,8109],11,(13,12],14,[15],16,[21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]

4.5,

Py
7.8,9,10],11,(13,12],14,(15],16,[21 6,25,22,19,17,30, 1,20,29,1 ,26,24]
/910111,[13,42].14[15],16,21.28.26.25,22,19,17,30,23,31,20,29,18,27,26,24]

A=0,1,2,34,56,7,8,9,10]11,[1 3421 14,[151,16,[21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
9.A=01234,56[7,83,10]11[12.13],14 (15 16,(21,28,26,25,22,13,17,3023,31,20,29,18,27,26.24)

,10,11,12,13, 14151 ,[21,28,26,25,22,19,17,30,23,31,20,29,18,27,26,24]
9,10,11,12,13,14,15,16,(21,18,26,25,22,19,17,30,23,31,20,29,28,27,26,24]
1,2,3,4,5,6,7,8910,11,12,13,14,15,16,[21,1 0,25, 19,17,30,23,31,26,29, ,26,24]
1,2,34,56,7,8910,11,12,13,14,15,16,[21,18,20, 19,17,30,25,31,26,29,28, ,26,24]
1,2,34,56,7,89,1011,12,13,14,15,16,[21,18,20, 19,17,30,25,31,26,29,28,27,26,24]
0,1,2,3,4,5,6,7,89,10,11,12,13,14,15,16,(21,18,20,23,22,19,17,24,25,31,26,29,28,27,26,30]

A=
A=
A=
10.A=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,(21,18,20, 19,171,24,125,31,26,29 26,301
2,3,4,5,6,7,89,10,11,12,13,14,15,16,(21,18,20, 194%1,24,(25,31,26,29,28,27,26,30]
,4,5,6,7,89,10,11,12,13,14,15,16,[17,18,20,23,22,’ 1921] 24,[25,31,26,29,28,27,26,30]
,10,11,12,13,14,15, 16[171820232219

10,11,12,13,14,15,16,(17,18,20,19,22,2
,11,12,13,14,15,16,[17,18,20,1:

[25,31,26,29,28,27,26,30]
[25,31,26,29,28,27,26,30]
5,31,26,29,28,27,26,30]

100 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 15, No. 6, pp.95—102, Dec. 31, 2015. pISSN 2289-0238, elSSN 2289—-0246

[25,31,26,29,28,27,26,30]
23,22],24,[25,31,26,29,28,27,26,30]

12.A:0,1,2,3,4,5,6,7,5,9,10,11,12,13,14,15,16,[17,15,20&79],21,[23,2 24,
2
13.A=0123,456,7289101112,13,14,1516,[: 171820]} 1,21,

A=0,123,4,567,89,10,11,12,13,14,15,16/17,18,19,20], 21123,22,24,125,31,26,29,28,27,26,30|
14.A=0,1.23456,7,891011,121314,1516,17,1819,20,21[23321 24,(25,31.26,29,28,27.26,30]

A=01223456789101112,1314151617.18,19,20.21,[23.22)24,(25,31,26,29,28,27,26,30]
=0,1,2,3,4,56,7,89,10,11,12,13,14,15,16,17,18,19,20,21 [22,23],24,[25,31,26,2 26,30]
,1,2,3,4,5,6,7,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,[25,31,26,2 ,26,30]

1,2,3,4,5,5,7 9,10,11,12,13,14,15,16,17,18,19,20,21 4,125,31,26,29, 2530\

4,5,67,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,[25,26,26,29,28,27,31,30]

,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,[25,26,26,29,28,27,30,31]

4567891011121314151617181920212223“4[“5“6“6“92827]30Q]

A-01,23,4567,89,1011,1213,14,1516,17,1819,20,21,22,2 ')4[75'}5952 7521]30[31]
3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,1 vcwnwﬂﬂu 4,[25
4,5,6,7,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,[25,
1,2,34,567,8910111213,14,15,16,17,1819,20,21,22,23,24,[25,26,26]
3,45,67,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,26,
45:6,7,8,9.1011112.13.14.15.16,17.18,19,20,21,22.23,24,25,26,26,2 s
A=10,1.2,34,5,67,89,10,11,12,13,14,15,16,17,18,19,20,21 4,25,26,26,27,28,29,30,31|

@ A% oW A9

1.A=[189,4,11,29,23,14,17,19,25,13,12,7,24,5,6,3,21,28,26,10,22,1,0,30,15,31,20,8,2,27,26,16]

10 xf2|4 'F[O] 10,F[1)=10, F[2]=11, F[3]=2
s[0]=1, S[1]=11, S[2]=21, S[3]=32
A=[189,4,11,29,23,14,17,19,25],[13,12,7,24,5,6,3,21,28,26],[10,22,1,0,30,15,31,20,8,2,27],[26,16]
A=[7,94,11,29,2314,17,19,25][13,12,18, 2456, 6],(10,22,1,0,30,15,31,20, 1[26,16.
A=[7,9,4,529,23,14,17,19,25],[13,12,18,11,10,6,3,21,28,26],(24,22,1,0,30,15,31,20,8,2,27],(26,16]
A=[7,94,51,2314,17,19,25],[13,12,18,11,10,6,3,21 6],(24,22,29,0,30,15,31,20,8,2,27],[26,16]
A=(7,9,4,5,1,014,17,19,25](13,12,18,11,10,6,3,21,28,261,(24,22,29,23,30,15,31,20,8,2,27],[26,16]
A=[7,9,4,5,1,0,6,17,19,25],[13,12,18,11,10,14,3,21,28,26],124,22,29,23,30,15,31,20,8,2,27],[26,16]
A=(794,510,6319,25],(1312,1811,10,14,17, 21,28 26](24,22,29,23,30,15,31,20,8 2,27],[26,16]
7,9,4,510,63,825][1312,18,11,10,14,17,19,15,16],[24,22,29,23,21,26,28,20,26,2,27],[30,31]
0,6,3,8,2][1312,18,11,10,14,17,19,15,16] [24,22,29,23,21,26,28,20,26,25,27],[30,31]

212
1,

2.A=[7,9,4,51,0,6,3,8,2][13,12,18,11,10,14,17,19,15,16],[24,22,29,23,21,26,28,20,26,25,27],(30,31]
=1,F[1)=1, F[2]=1,F[3]=1, F[4]=1, F[5]=1, F[6]=1, F[7]=1, F[8]=1,F[9]=1
1]=2, 5[2]=3, S[3]=4, S[4]=5, S[5]=6, S[6]=7, S[7]=8, S[8]=9, S[9]=10

A 06382]13121811,10,14,17,19,15,16][24,22,29,23,21,26,28,20,26,25,27],[30,31]

A 1,56, SJ [13,l2,18,11,10,14,17,19,15,16] [24,22,29,23,21,26,28,20,26,25,271,[30,31]

A= [0,1‘2,3,4,5,5‘7,8,9], 13,12,18,11,10,14,17,19,15,16],[24,22,29,23,21,26,28,20,26,25,27],(30,31]
1 X2l [11=1, F[2]=1, F[3]=1, F[4]=1, F[5]=1, F[6]=1, F[7]=1, F[8]=1, F[9]=1

S[ .S[11=12, S[2]=13, S[3]=14, S[4]=15, S[5]=16, S[6]=17, S[7]=18, S[8]=19, S[9]=20
131218,

A=[0,123456, 11101417,191516],[24,22,29,23,21,26,28,20,26,25,27],[30,31]
A=[012345 14,1517.191816],[24,22,29,23,21,26,28,20,26,25,27],[30,31]

A=[0,1,23456789][10,11,12,1314,15,16,17,18,19],[24.22,29,23,21,26,28,20,26,25,27],[30,31]
1 Xp2] 4 : Fl FI21=1 FI31=L F ,1 F[S]:l FI6]=2, F[7]=1 FI8]=1, FI9]-=1
S|

1=
A=[0,12,3456 ) 13,14,15,16,17,18,19 [24,2229
A=[0,12,345,67389]] 10,11,12,13,14,15,16,17,18,19],(20,21,22,. 2324

6]=27, S[7]=29, S[8]=30, S[9]=31
20262527)[30,31]
6,27,25,29],30,31]

A-(0.1.2.345,67.891(10.11,12,131415.16,17,18,19120.21,22,23,24,25.26.26.27,28.291,30.31]
(b) VRCB 4
32 10, Y OI0[E{-332| M YH H|w
Fig. 10. Compare of Sorting methods for
Random Data-33
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