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Agenda

1. What are Opacity Micromaps?
– uv2index (BarycentricsToSpaceFillingCurveIndex)

2. Succinct Opacity Micromaps
– Memory Footprint Comparison

3. Frametime Performance Evaluation
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Opacity Micromaps



Opacity Micromaps
2-State 4-State

0b0 Fully Transparent
0b1 Fully Opaque

0b00 Fully Transparent

0b01 Fully Opaque

0b10 Unknown Transparent

0b11 Unknown Opaque

uv2index(u, v, level)
7

(0.28,0.4)
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Micromap Evolution

Gruen et al. Vulkan® & DirectX® [Werness 2022]
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Opacity Micromaps Construction
uv2index BarycentricsToSpaceFillingCurveIndex
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Opacity Micromaps Construction
uv2index BarycentricsToSpaceFillingCurveIndex
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Opacity Micromaps Construction
uv2index BarycentricsToSpaceFillingCurveIndex
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uL = u− v−w
vL = 2v
wL = 2w

M :=
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wR = 2w

T :=











uT = 2u
vT = 2v
wT = w− u− v
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Succinct Opacity Micromaps



Succinct Opacity Micromaps
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Succinct Opacity Micromaps
Tree Construction
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Succinct Opacity Micromaps
Tree Construction
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Succinct Opacity Micromaps
Tree Construction

TreeData
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Memory Footprint Improvement

Best≈ 1 % of the original size.
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Succinct Opacity Micromaps
Look-up Algorithm
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Frametime Performance



Methods

• Software Micromaps
• Succinct Tree
• Fast-Build Micromaps

• Fast-Trace Micromaps
• Bitmask
• Texture
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Scenes

CryTek Sponza [2011] Ecosys [1998] New Sponza [2022]

San Miguel [2010] Landscape [2016]
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Frametime Performance
General Results — Landscape [2016]

RTX 3080 RTX 4080
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Frametime Performance
New Sponza [2022]

RTX 3080 RTX 4080
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The Problem(s)

0 0

3 3 1 1 0 0 0

3 3 1 1
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Future Work

• Need a different (succinct) tree
• Other micromap types?

– Lossy micromaps?
– Generalized micromaps?
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Conclusion

1. Indexing Algorithm:
– uv2index

2. Succinct Opacity Micromaps

3. Performance Comparison
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Thanks for Listening
Questions

• Thanks for listening!
• Questions and Answers ?
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The End



Extras



Where may we Lose performance?
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Degenerate Trees

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

Example degenerate case for the succinct tree compression: Instead of actually
reducing the number of nodes, it is forced to add 5 internal ones.
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Opacity Micromaps Splits
Rounding Issues
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Opacity Micromaps Splits
Rounding Issues
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Opacity Micromaps Lookup Function – 1
def uv2index(u, v, level):

w = 1.0 - (u + v)
def rec(idx, d, u, v, w):

if d == level:
return idx

L, M, R, T = 0, 1, 2, 3
if w > 0.5:

return rec(4 * idx + L, d + 1, 2*u, 2*v, (w - u - v))
elif v >= 0.5:

return rec(4 * idx + T, d + 1, 2*w, (v - u - w), 2*u)
elif u >= 0.5:

return rec(4 * idx + R, d + 1, (u - v - w), 2*v, 2*w)
else:

return rec(4 * idx + M, d + 1, (u + v - w), (w + u - v), (v + w - u))
return rec(0, 0, u, v, w)
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Opacity Micromaps Lookup Function – 2
def uv2index(u, v, level):

w = (1.0 - (u + v))
def rec(i, d, mflip, tflip, u, v, w):

if d == level: return i
L, M, R, T = (2, 1, 0, 3) if tflip else (0, 1, 2, 3)
if w > 0.5:

return rec(4 * i + L, d + 1, mflip, tflip, 2*u, 2*v, (w - u - v))
elif v >= 0.5 and not (v == 0.5 and mflip):

return rec(4 * i + T, d + 1, mflip, not tflip, 2*u, (v - u - w), 2*w)
elif u >= 0.5 and not (v == 0.5 and mflip):

return rec(4 * i + R, d + 1, mflip, tflip, (u - v - w), 2*v, 2*w)
else:

return rec(4 * i + M, d + 1, not mflip, tflip,
(u + v - w), (w + u - v), (v + w - u))

return rec(0, 0, False, False, u, v, w)
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Succinct Opacity Micromaps
Look-up Algorithm — 1

uint t = 0, d = 0;
while (true)
{

bool is_internal = tree_bit(t);
if (is_internal)
{

t += 1;
uint c = step();
t, d = bitscan(tree_len, c, t, d);

}
else
{

return opacity_value(tree_len, d);
}

}
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Succinct Opacity Micromaps
Look-up Algorithm — 2

uvec2 bitscan(uint tree_len, uint child, uint t, uint d)
{

while (t < tree_len && c > 0)
{

bool is_internal = opacity_tree_bit(t);
if (is_internal)

child += 4;
else

d += 1;
t += 1;
child -= 1;

}
return uvec2(t, d);

}
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