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[Abstract]

This paper presents a way to implement six dimensional shifted sort based parallel XAANN with the 128 bit uint4 data type and
comparison results of the proposed method. This research is an intermediate process to improve shifted sort based parallel AANN method
to handle more general vectors with more than six dimensions. For this goal, the author implements six dimensional Morton code and
proposes the method to extract six dimensional vectors from three dimensional triangle meshes. Also, the author discusses the
geometrical meaning of six dimensional extension for the three dimensional triangle meshes. As a result, the time difference between the
three dimensional version and six dimensional one is relatively small. From this result, the author has gained some insight to expand the

proposed method to larger vectors.
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E 1. CUDA EZF uint4 HlO|E{E 2| (“vector_types.h”)
Table 1. Definition of CUDA standard uint type
(in “vector_types.h”)

struct

_device builtin = builtin align (16) uint4
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unsigned int x,

Yr 2, W;
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Table 2. morton6D128 function

~_device  uint4 morton6D128
(float x0, float v0, float zO,
float x1, float yl, float zl)
{
uintd result;
] mmmmmmmmm e R
x0=MIN (MAX (x0*2097152.0£f, 0.0f), 2097151.0f);
y0=MIN (MAX (y0*2097152.0f, 0.0f), 2097151.0f);
z0=MIN (MAX (z0*2097152.0£f, 0.0f), 2097151.0f);
x1=MIN (MAX (x1*2097152.0f, 0.0f), 2097151.0f);
y1=MIN (MAX (y1*2097152.0£, 0.0f), 2097151.0f);
z1=MIN (MAX (z1*2097152.0f, 0.0f), 2097151.0f);
[/ mmmmm e
[/ =mmmmm e ® -
uint4 xx0=expandBitsl128XO0 ((unsigned int)x0);
uint4 yyO=expandBitsl128YO0 ((unsigned int)y0);
uint4 zz0=expandBitsl1287Z0 ( (unsigned int)z0);
uintd xxl=expandBitsl28X1 ((unsigned int)xl);
uintd yyl=expandBitsl28Y1 ((unsigned int)yl);
uint4 zzl=expandBitsl28Z1 ((unsigned int)zl);
/] mmmm e
[ mm e R
uintd x128, yl128, z128;
x128 = bitwOR (xx0, xx1);
y128 = bitwOR (yy0, yyl);
2128 = bitwOR(zz0, zzl);
return bitwOR (x128,bitwOR(y128, z128));
[/ mmmmm
}

uint4 val;

for 6d point (a, b, ¢, A, B, C)
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Fig. 2. The bit placement patterns of

expandBits128xX functions in Table 2
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¥ 3. bitwOR &=
Table 3. bitwOR function
uint4 bitwOR (uint4

__device_ a, uint4 b)

{

uint4 res;

res.x = a.x | b.x;
res.y = a.y | b.y;
res.z = a.z | b.z;
res.w = a.w | b.w;

return res;
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Fig. 3. The first approach to convert a triangle face in
3D space to a 6D vector
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E 4. 3xf #E{Qt 6 HE{O|M ANN % shifted sort A3
Z3} H|1 (blocksize = 512, k=8)

Table. 4. Performance comparison between 3D and 6D
vectors for ANN and warp-based shifted sort
(blocksize = 512, k=8)

.| shifted short shifted short A
query size 6D ANN 6D 3p* ANN 3D
212 5 66 10 40
213 10 109 12 71
21 7 211 11 137
215 15 343 20 276
2!6 22 702 24 543
27 38 1266 39 1149
2!8 70 2676 64 2133
2 130 5257 113 4288
2% 248 10265 217 8530
22 475 20102 387 16824
22 902 39527 740 33148
25 1800 77725 1459 65757

* number of data vectors : 19851 for 3D, 39698 for 6D

TIME(MS}

2Z2AA 6870, GPU #I1 &2 11GB) .= T = STt

E|AE-8 0 2 AF-¥ meshi= horse L2 274 % 1985171,
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w2l dlo]E] el ] 7|7t A 2 thErh3ake €] 7-9- 19851
7N, 6x112] 739- 396987N). et F 2} B 1] 523 order
5 79 g g Ho) WEje] si4r) H ) 2 = 8388608
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E 5. 3Rk #E{Q 6Xk HIE{of| Lt shifted sort A3 Zx}
H|I (blocksize = 512, k=8)

Table. 5. Performance comparison between 3D and 6D
vectors for warp-based shifted sort (blocksize = 512,

k=8)
query size shifted short 6D | shifted short 3D*
2! 5 10
2 10 12
2 7 11
2" 15 20
26 22 24
27 38 39
218 70 64
2" 130 113
2% 248 217
2% 475 387
2% 902 740
25 1800 1459

* number of data vectors : 19851 for 3D, 39698 for 6D

TIME (MS]
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