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Agenda

1. What are Opacity Micromaps?

— uv2index (BarycentricsToSpaceFillingCurveIndex)
2. Succinct Opacity Micromaps

— Memory Footprint Comparison

3. Frametime Performance Evaluation

arm

G.Waldemarson

1/20

LUND

UNIVERSITY



Opacity Micromaps




Opacity Micromaps

2-State 4-State
0b00 Fully Transparent
0b0  Fully Transparent 0b01  Fully Opaque
O0bl  Fully Opaque 0b10  Unknown Transparent
Ob11 Unknown Opaque
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Micromap Evolution

Gruen et al.

Vulkan® & DirectX® [Werness 2022]
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Opacity Micromaps Construction

uv2index BarycentricsToSpaceFillingCurveIndex

U2

P (u,v,w)

Vow Moy

Vow mo1 uw Uy
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Opacity Micromaps Construction

uv2index

BarycentricsToSpaceFillingCurveIndex

Vow mo1

vy = myy + myy —myy
vy = myy +myy—mgy,

vy = Mgy + myy — My
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Opacity Micromaps Construction

uv2index

BarycentricsToSpaceFillingCurveIndex

Uy =u—v—uw Uy =utv—w
v, =2 M=<v, =v+tw—u
w; =2w wy =utw—v
up =2u ur =2u
v =v—u—w 1T :=<v =2
Vow mo1 u UV R r
wp =2w wr =w—u—v
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Succinct Opacity Micromaps




Succinct Opacity Micromaps

N
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Succinct Opacity Micromaps

Tree Construction
@ &
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Succinct Opacity Micromaps

Tree Construction

AN /2\
YV T 7\

1 1 0 0 Tree Coding

Succinct Tree Encoding

Tree 0b0_0001 0001
SR Data | 0b10 0001 0000 0001
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Succinct Opacity Micromaps

Tree Construction

Concatenate Data Tree
Tree 0b0_0001_0001 0b10000100000001000010001
Data @ 0b10_0001_0000_0001 0b10000100000000000000000001010101
Original
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Memory Footprint Improvement

~— 2-State Tree
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Best~ 1 % of the original size.
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Succinct Opacity Micromaps
Look-up Algorithm

0b00O1 0000 0011
e = X
b a 1

G.Waldemarson

11/20

LUN

UNIVERSITY



Frametime Performance




Methods

e Software Micromaps
e Succinct Tree
¢ Fast-Build Micromaps

e Fast-Trace Micromaps
e Bitmask
e Texture
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Scenes

CryTek Sponza [2011]

Ecosys [1998] New Sponza [2022]

San Miguel [2010] Landscape [2016]
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2-State Micromap
. 2-State Vulkan (FT)
2-State Vulkan (FB) 4-State Tree
Frametime Performance
2-State Bitmask Texture

General Results — Landscape [2016] — 4-State Micromap

4-State Vulkan (FT)
4-State Vulkan (FB)

RTX 3080 RTX 4080

=~
344 \/ 18
17
324
) )
£ 6 E
£ 30 £
£ £
281 14
26 { 13
12
1 2 3 4 5 6 1 2 3 4 5 6
Subdivision Level Subdivision Level
G.Waldemarson 14/20  LUND

UNIVERSITY



Frametime Performance * & & "
New Sponza [2022] & “ “
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The Problem(s)
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Future Work

¢ Need a different (succinct) tree
e 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

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

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
elif v >= 0.5:
return rec(4 * idx + T, d
elif u >= 0.5:
return rec(4 * idx + R, d
else:
return rec(4 * idx + M, d
return rec(0, 0, u, v, w)

+

1, 2%u, 2xv, (w - u - v))

+

1, 2*xw, (v - u - w), 2%u)

+

1, (u - v - w, 2%v, 2*w)

+

1, W+v-w, wW+ru-v), (v +w-u)
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Opacity Micromaps Lookup Function — 2

def uv2index(u, v, level):
w=(.0-(+w)
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:

1, mflip, tflip, 2*u, 2*v, (w - u - v))

.5 and mflip):

1, mflip, not tflip, 2*u, (v - u - w), 2%w)
.5 and mflip):

1, mflip, tflip, (u - v - w), 2%v, 2%w)

return rec(4 * i + L, d
elif v >= 0.5 and not (v ==
return rec(4 * i + T, d
elif u >= 0.5 and not (v ==
return rec(4 * i + R, d

+ O + O +

else:
return rec(4 * 1 + M, d + 1, not mflip, tflip,
u+v-w, wW+u-v), (v+w-mu))
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 ¢ = 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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