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A Fast Sorting Algorithm for VMX Instruction Set

HirosHI INOUE,* TAKAO MORIYAMA," HIDEAKI KOMATSUt
and TOSHIO NAKATANTt

Sorting is one of the most common operations done by computers and used in variety of
software. Sorting is a well-studied problem and hence there are many sorting algorithms
and implementations available. However there is no sorting algorithm that effectively exploits
SIMD execution units of recent general purpose processors. In this paper, we proposed a novel
sorting algorithm for VMX instruction set of the PowerPC architecture. This algorithm di-
vides input data in sorting phase and merges them after sort in order to exploit parallelism of
the VMX instruction set. Also it removes stall cycles due to conditional branches by replacing
them with vector minimum and vector maximum instructions. We implemented the algorithm
and evaluated the performance on the PowerPC 970FX processor. Our results showed that
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our new algorithm achieved up to 5.6 times higher performance than quicksort.
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]
for (1 = 0; 1 <
J -1-1i; 3++) |
11) swap(aljl, alj+1]);

[ combsort ]
gap = (N * 10) / 13;
while (gap > 1) {
for (3 = 0; j < N - gap; j++)
if (al3] > alj + gapl) swap(aljl, alj+gapl);
gap = (gap * 10) / 13;

do {
cont = ;

P3SN - 134 |

> alj + 11) |

(31, alji+1]);

1

;

0
for (j =
if (af
swap
cont
}
}
} while(cont);

0
jl
(a

01 0000OO0O0OO00ooooooooooooag
Fig.1 Pseudo-code of bubble sort and combsort.
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al0] | a[t] | a2 | af3] | af4] [ a5) [ ale) [ af7) | af8) ] ----
va[0] va[1]

02 0D00000000D000O0O00OO0
Fig.2 Data structure of the array to be sorted.
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[ with VMX ]

tmp = val0];

va[0] = vec_min(tmp, va([l]);

va[l] = vec_max(tmp, va[l]);
[ without VMX ]

if (a[0] > a[4]) swap(al0], al4]);

if (all] > a[5]) swap(all], al5]);

if (a[2] > a[6]) swap(al2], al6]);

if (al3] > al7]) swap(al3], al7]);

03 ODO000OO0OO0DO00OO00O0
Fig.3 Implementations of comparing and swapping
values with and without VMX.
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gap = (N/4 * 10) / 13;
while (gap > 1) {
/* comparison within each sequences */
for (jJ = 0; j < N/4 - gap; j++)
vector_cmpswap (val[j], valj+gapl);
/* comparison between neighbor sequences */
k = N/4 - gap + 1;
for (j = 0; j< N/4 - k; Jj++)
vector_cmpswap_skew (va[j], val[j+k]);
/* dividing gap by the shrink factor */
gap = (gap * 10) / 13;
}
do {
cont = 0;
/* comparison within each sequences */
for (J = 0; j < N/4 - 1; j++) |

vajo = valjl;
vector_cmpswap (val[j]l, val[j+1]);
cont |= (vajOo != valjl);

}

/* comparison between neighbor sequences */

vaj0o = val[0];
vector cmpswap_skew (va[0], va[N/4-1]);
cont |= (vajO !'= val[0]);

} while(cont);

04 0D00O0O0OO0OOOOOOOOO
Fig.4 Removing conditionla branches from the merging
phase.
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Ve

p{Bo[B1[B2]B3]

moving smaller values to MIN side and
larger values to MAX side
by using vec_min/vec_max instructions

0 5 vector_cmpswap 00000 vector.cmpswap-_skew 00
Fig.5 The vector_.cmpswap and vector_.cmpswap_skew

operations.
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for (i = 0; i < N/4 - 1; i++) {
vector cmpswap (val[i], val[i+l]);
vector_swapd (va[i], val[i+l]);
vector_cmpswap (val[i]l, val[i+l]);
vector_swap2(va[i], val[i+l]);

}

vector_swap4(A, B) vector_swap2 (A, B)

vector A

swap
values

vector | Bo | B1 | B2 | B3 |

vector A

vector B [ B0 [ B1 [ B2 [ B3 |

06 D0O0DO0O0ODOODOODOOODOOOOOO
Fig.6 Pseudo-code of the preconditioning.
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key[0] [data[0]] key[1] [data[1]] key[2] |data[2]] key[3] [data[3)] key[4]] - -+
va[0] val1]

pat={0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,
0x08,0x09, 0x0A, 0x0B, 0x08,0x09, 0x0A, 0x0B} ;
tmp=val0];

mask=vec_cmpgt (va[0], va[l]); // create mask
mask=vec_perm(mask, mask, pattern);
va[0]=vec_sel (tmp,va[l],mask); // select smaller
va[l]=vec_sel(va[l],tmp,mask); // select larger

07 0DOOooOoOoO011000000000C0DOO
Fig.7 Implementation of comparing and swapping for
array of {key, data} pairs.

key([0] [ key[1]] key[2] key(3] | keyi4] [ key[5) | key(6] | key(] [ keyi8]| - --
vkey[0] vkey[1]

data[0]]data[1]]data[2]] data[3]|data[4]|data[5]| data[6][data[7)|data[g]] - - --
vdata[0] vdata[1]

mask = vec_cmpgt (vkey[0], vkey[1l]);
key[0];

= v
vkey[0] = vec_sel (tmp, vkey[l], mask);
vkey[l] = vec_sel(vkey[l], tmp, mask);
tmp = vdatal[0]

vdata[0] = vec_sel (tmp, vdata[l], mask);
vdata[l] = vec_sel(vdata[l], tmp, mask);

08 ODO00OOLDOODOODOOOOOOOOOO
Fig.8 Implementation of comparing and swapping for
arrays of keys and data.
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Fig.9 Performance comparison of our algorithm,
combsort and quicksort (Smaller values are faster).
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Fig.10 Relative performances of our algorithm and
Govindaraju’s algorithm over quicksort. (a) for
random integers. (b) for presorted integers (Larger
values are faster).
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Fig.11 Execution time breakdown with and without re-
moving conditional branches in the merging phase
(Shorter is faster).
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Fig.12 Relative performances of our algorithm and
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