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Abstract

Morton codes play important roles in many parallel GPU applications for the nearest neighbor
(NN) search in huge data and queries with its applications growing. This paper discusses and
analyzes the meaning of Tero Karras's 32-bit ‘unsigned int’ Morton code algorithm for
three-dimensional spatial information in [0,1]° and its geometric implications. Based on this, this
paper proposes 64-bit ‘unsigned long long’ version of Morton code and compares the results in both
CPU vs. GPU and 32-bit vs. 64-bit versions. The proposed GPU algorithm runs around 1000 times
faster than the CPU version.
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// Expands a 10-bit integer into 30 bits
// by inserting 2 zeros after each bit.
unsigned int expandBits(unsigned int v)

v =(v * 0x00010001u) & OxFFOO00FFu; // ®&
v =(v * 0x00000101u) & OXOFOOFOOFu; // (D
v =(v * 0x00000011u) & 0xC30C30C3u; // @
v =(v * 0x00000005u) & 0x49249249u; // ®
return v

}

// Calculates a 30-bit Morton code for the
// given 3D point located within the unit cube [0,1].
unsigned int morton3D(float x, float y, float z)

x = min( max(x*1024.0f, 0.0f), 1023.0f); // ®
y = min( max( 1023.01); // ®
z = min( max(zx1024.0f, 0.0f), 1023.0f); // ©

unsigned int xx
unsigned int yy = expandBits((unsigned int)y); // ®
unsigned int zz = expandBits((unsigned int)z); // ®
return xx *4+ yy *2+ zz; // @

x*1
y*1024.0f, 0.0f),
z*1

)
)
)
expandBits((unsigned int)x): // ©
(
(
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// 64-bit version.
unsigned long long expandBits64(unsigned long long v)
{
v =(v * 0x0000000100000001ui64)
& O0xFFFFO0000000FFFFui64;
v =(v * 0x0000000000010001ui64)
& 0x00FFO000FFO000FFuiB4;
v =(v * 0x0000000000000101ui64)
& 0xFOOFOOFO0F00FO0FuiB4;
v =(v * 0x000000000000001 1ui64)
& 0x30C30C30C30C30C3uib4;
v =(v * 0x0000000000000005ui64)
& 0x1249249249249249ui64;

return v;

}

// Calculates a 63-bit Morton code for the
// given 3D point located within the unit cube [0,1].
unsigned long long morton3D64(float x, float y, float z)
{

x = min( max(x*2097152.0f, 0.0f), 2097151.0f):

y = min( max(yx2097152.0f, 0.0f), 2097151.0f);
z = min( max(z*2097152.0f, 0.0f), 2097151.0f);
unsigned long long xx

= expandBits64((unsigned long long)x);
unsigned long long vy

= expandBits64((unsigned long long)y);
unsigned long long zz

= expandBits64((unsigned long long)z):
return xx x4+ yy *2+ zz;

}
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