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L Introduction

= Subdivision engines are generally
implemented the same way the
corresponding subdivision scheme is

defined
= Based on quadtrees

« Many pointers indirections
= CPU is not fully utilized



L Previous Work

= Four diferent aproaches to the
rendering of subdivision surfaces:
= Recursive evaluation
= Direct evaluation
= Reduction of the regular setting
= Pre-tabulated basis function composition



L Catmull-Clark Subdivision

= Approximating Scheme

= Continuity
= C(Zregular regions
« (Textraordinary vertices

= Primal Quadrilateral



L Catmull-Clark Subdivision

= A vertex with one incident crease edge
iS a@ "dart” vertex

= A vertex with two incident creases may
be either a smooth crease or a corner

s A vertex with more than 2 incident
creases must be a corner
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L Observations

= All newly created vertices have valence four
(each face have at most one irregular vertex)

= The section of the limit surface corresponding

to one face in the control mesh constitutes a
patch

= Each patch can be produced independent fo
all other patches

= 1-ring of neighbors



L Basis Functions

= Final surface is a linear combination of
the original control points p;an the
basis functions B centered at each

vertex: |
s(u,v) =) . B (u,v)p;

= B depends only on the connectivity of
the mesh and the presence of tags (not
on the control points)



L Basis Functions

* Black dots are the basis functions whose
support overlaps the selected face

 Due to rotacional symmetry, only one set of
basis functions is needed



L Algorithm

= Evaluate each limit patch using
precomputed arrays which contain
uniform samplings of the basis
functions

= Problem: basis functions depends,
among othe parameters, on the vertex

valences



L Algorithm

= Solution: perform a initial subdivision
step with recursive rules

= Evaluation of one patch has no effect
on the evaluation of any other patches:
parallelization



L Algorithm Description

= One initial recursive subdivision step
more five levels os subdivision

= Basis functions are evaluated on a (2> +
1)(2° + 1) = 33 x 33 grid

= Pseudocode



\i Algorithm Description

/N = number of contrel peoints in 1-ring of face
/4 C = number of chamnels: x, v, z, 8, £, r, g, b, etc.
float sample [C] [33*33];
float bases [N] [33*33] ;
float control [N] [C] ;

for{ k = 0; k « C; ++k ) // loop over x,v,Z
for( jJ = 0; J < N; ++J )
for({ 1 = 0; 1 = 33*¥33; ++1 )
sample [k] [1] += bases[7]] [1] *control []] [k]



L Vectorization

= The innermost loop is easily vectorized to
take full advantage of the SIMD

= Since there are eight XMM registers (each
one can hold four 32-bits floats), the middle
loop can be unrolled four times:

« Four registers for basis functions (each one
contains four consecutive entries from a different
basis function)

= Four registers for control points (each one
contains a single coordinate of a control point
repeated four times)



L Vectorization

= Controls mesh faces are sorted based
on the valence of their only irregular
vertices, ensuring that faces with the
same basis functions will be subdivided
sequentially

= The basis function tables stay in cache,
eliminating any load time for the tables

= Complicated meshes will be processed with
the same speed



Basis Function Table
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Basis Function Table

L Generation

= The basis functions were generated for
valences:

= 3-12 for interior points

= 1-6 for crease and convex corners
= 2-6 for concave corners

= 3-7 for dart vertices

= They were sampled on a 33 x 33 grid (level 5
of subdivision)

= 5300 tables



Basis Function Table
\\\\\ L Generation

= Example: basis functions for dart,
crease and corner patches:

1 2 2
2 2 1 2
3
} ’ o

2 2 |
| 2
1
1 1
2
1 2 b 1
E;;Z%EEJ 2|122§§;&Z
o600
/3 k|
4 4



L Results

= [able driven evaluation:

= First step is a recursive subdivision. 3 adds and 1
mult for the face rule, 5 adds and 2 mults for the
edge rule and 8 adds and 3 mults for vertex rule,
29 ops per face, on average

= For a face with valence four, there are 16 basis
functions on 1-ring, 16 mults and 15 adds

= Tesselation each face to a depth d creates (29 +
1)(29 + 1) vertices
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Results

= |able driven evaluation:

#(d) = 294+4-31- 2 + 1)(2% + 1)
=1 ] d&=2 | d&=3 | d=4 | d=5 d=6
#(d) | 29 | 1145 | 3129 | 10073 | 35865 | 135065
= Recursive subdivision
#(d) = 29-(4*—1)/3 + 11.4°
=1 [ d=2 | d&=3 | d&=4 | d=5 | d=6
#(d) | 73 | 321 | 1313 | 5281 | 21153 | 84641




L Implementation Issues

= Some vertices are shared by more than
one patch and are calculated more than
once

= Each patch is evaluated separately from
all others, providing patch-based
adaptivity
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