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>  WHAT DO WE MEAN BY SIMD? (o) Hoss s

1 void mul(floatx a, floatx b, floatx c, size t size)
2 {

3 (size t i = 0; i < size; ++1i)

4 {

5 c[i] = ali] % bl[il;

6 ¥

7 }




>  WHAT DO WE MEAN BY SIMD? (o) Hoss s

1 wvoid mul(floatx a, floatx b, floatkx c, size t size)
2 A

3 assert((size%s4) == 0);

4 (size_t i = 0; i < size; i+=4)

5 {

6 ~_m128 ai = _mm_loadu_ps(&alil);
7) ~ _m128 bi = _mm_loadu_ps(&b[il);
8 - m128 r = _mm_mul_ps(ai, bi);
9 _mm_storeu_ps(&cl[il, r);

10 ¥

11 }




% OBJECTIVES () e

Instrument internal algorithms

Support for common ISA
X86, ARM(NEON)

Support for multiple register extensions (X86)
SSE4.2, AVX, AVX2, AVX512

Out of scope

Runtime Dynamic Target Dispatch
Function Multiversioning




% AUTO VECTORIZATION () e

1 const Mat4<float> & x=(const Mat4<float>& ml) Fity o .

> my may overlap with *this! e.g.

3 Mat4<float> m@(x );

4 (int 1 =0; i < 4; ++1i) { 1 Matdf a, b; b = ax*a;

5 —>mm[i] = ... . .

5 1 Compiler may decide not to

7/ X - - .

5 1 vectorize :(
With Mat4f& With Mat4f
%0 = load float, floatx %arraydecay3, align 4 %33 = fmul <4 x float> %3, %32
%1 = load float, floatx %arrayidx9, align 4 %34 = shufflevector <4 x float> %7, <4 x float> unde
smulld = fmul float %m@.sroa.4.0.copyload, %l %35 = call <4 x float> @llvm.fmuladd.v4f32(<4 x flos
%2 = tail call float @llvm.fmuladd.f32(float %m@.sr¢ %36 = shufflevector <4 x float> %7, <4 x float> unde
%3 = load float, floatx %arrayidx14, align 4 %37 = call <4 x float> @llvm.fmuladd.v4f32(<4 x flos
%4 = tail call float @llvm.fmuladd.f32(float %m@.sr«c %38 = shufflevector <4 x float> %7, <4 x float> undé
%5 = load float, floatx %arrayidx19, align 4 %39 = call <4 x float> @llvm.fmuladd.v4f32(<4 x flos 2
%6 = tail call float @llvm.fmuladd.f32(float %m@.sr¢ (%40 = bitcast floatx %agg.tmp.sroa.d.sroa.13.0.agg."
store float %6, floatx %m@.sroa.0.0..sroa_idx, aligr store <4 x float> %39, <4 x float>x %40, align 4

https://godbolt.org/z/9Pj73Y4cz




> WRAPPER LIBRARIES (o) Hoss s

| <openvdb/util/Simd. h> =:!

i

3 T —_— Import SIMD Wrappers

4

5 void mul(floatx a, floatx b, floatx c, size t size)

6 {

7 assert((N%s16) == 0));

8 util::simd::Vecl6ef avle, bv1l6, rvie6; 4—_— _ _
9 Namespaced/aliased SIMD containers
10 (size_ t i = 0; i < N; i+=16)

11 {

12 avl6.load(&ali]);

13 bv16. load(&b[i]); . : . .

14 IR = epil o A Compile time instruction selection
15 rvlé.store(&clil);

16 }

17 }




» EMULATION (g Mt

SSE4.2 (128) AVX (256)  AVX512
simd: :Vec4f __Mm128 xmm; ~_m128 xmm; __m128 xmm;
simd: :Vec8f simd: :Vec4f low; __m256 ymm; __m256 ymm;

simd: :Vec4f high;

simd: :Vecl6f

simd: :Vec8f low; ~_m512 zmm;
Vec8f = simd::Vec8f_e; simd: :Vec8f high;

simd: :Vec8f Llow;
simd: :Vec8f high;

Compatible API type for all vector extensions

https://github.com/vectorclass/version2




PRE V9.1.X TOOLS () e

1 <openvdb/tools/ParticlesToLevelSet.h>

2

3

4

5 < GridT, ParticleListT, InterrupterT = util::Nulllnterrupter>
6 void particlesToSdf(const ParticleListT&, GridT&, Real radius, InterrupterTx = ) &

7

8

9

10 = GridT, ParticlelListT, InterrupterT = util::Nulllnterrupter>
11 void particlesToMask(const ParticlelListT&, GridT&, Real radius, InterrupterTx = )i

12

13 < SdfGridT,

14 AttributeT = void,

s InterrupterT = util::Nulllnterrupter>

16 ParticlesTolLevelSet;




N SIGGRAPH 2023

EXISTING TOOLS: SPHERES

signed distance field of an isolated particle ¢ with radius 7y:

d(x) = |z — @o| — 70

std::string radius = "";

Real radiusScale = 1.0;

Real halfband = LEVEL_SET_HALF_WIDTH:

OCooO~NOULEL WN -

R
= o

math::Transform: :Ptr transform = =

T
w N

=
=

std::vector<std::string> attributes;

=
N Oy U

const FilterTx filter = . 2

R
O 00

N
S

InterrupterT* interrupter = ;

Non-Commercial Edition




N SIGGRAPH 2023

EXISTING TOOLS: SPHERES

signed distance field of an isolated particle ¢ with radius 7y:

d(x) = |z — @o| — 70

1 Top- N
2 std::string radius = "";

3

4 —

5 Real radiusScale = 1.0; l

6 |

7 |

8 Real halfband = LEVEL_SET_HALF_WIDTH; A ,_'

9

10

11 math::Transform::Ptr transform = ;

12

14 std::vector<std::string> attributes; I «

15

16

1273 const FilterTx filter = ; '| I ’
19

20 InterrupterT* interrupter = ;

Non-Commercial Edition




EXISTING TOOLS: SMOOTH SPHERES (g Tty et

o replaced by a weighted average of the nearby particle positions and 7y replaced by a weighted average of their radii:
#() =z 2| -7 (7)

A= Zwiri (9)
A = i 1
w— Kl =zl/B) oo
i k(lz — z;|/R)
1
2 Real searchRadius = 1.0;
k(s) = max(0, (1 — 32)3)
[Animating Sand as a Fluid - Zhu Bridson 05] £

Non-Commercial Edition




EXISTING TOOLS: SMOOTH SPHERES i llocree

o replaced by a weighted average of the nearby particle positions and 7y replaced by a weighted average of their radii:
#() =z 2| -7 (7)

= szrz (9)

k(lx — 2|/ R)

D A (FErERy B
% Real searchRadius = 1.0;
k(s) = maz(0, (1 — s%)°)
[Animating Sand as a Fluid - Zhu Bridson 05] £

Non-Commercial Edition




EXISTING TOOLS: SMOOTH SPHERES ropiinpeblocr

Radlus. 0 35 | ‘

4-..’ | Search 0. 71 F’«%»Q

== >
\“_




» UPCOMING TOOLS: ELLIPSOIDS () Sesees

determine an anisotropy matrix for each particle using weighted principal component analysis

C = RIR” (12)

Y, = diag(oy, ..., 04) (13)
diag(o1,09,...,04), if N > N,

= ¢ (15)
I otherwise

float allowedAnisotropyRatio = 0.2f;

size_t neighbourThreshold = 1;

Real sphereScale = 1.0;

Ooo~NNOUTE WN =

11 StretchT = math::Vec3<float>;
12 std::string stretch = "stretch"; ’

15 | RotationT = math::Mat3<float> y Non-Commercial Edition
16 std::string rotation = "rotation";

[Reconstructing Fluid Surfaces with Anisotropic Ne =1and 01 > kroq where k, = 5

Kernels - Yu Turk 13]




» UPCOMING TOOLS: ELLIPSOIDS () Sesees

Top- )( Nocam-
1 L

Houdini VEX to deform spheres to ellipses

matrix3 rotation

= 3@rotation;
vector inv_stretch =

1.0 / v@stretch;
vector center = v@center;

float datal[] = set(rotation);
(int i = 0; i < 9; ++i) {

10 data[i] *= inv_stretch[i%3];

11 }

12 matrix3 rotscale = set(data);

Ooo~NNOUT A, WN =

15 matrix3 xform = (rotscalextranspose(rotation));

18 v@P = ((v@P - v@center) x invert(xform)) + v@center; . Non-Commercial Edition




UPCOMING TOOLS: ELLIPSOIDS 108 AmamLEe: 00

Persp. /¢ Nocam- Persp. ¢ Nocam-

Radius: 0.02 Radius: 0.02
Search: 0.1362 Search: 0.165
Sigma Ratio: 0.2 ,_===uSSit N €L Sigma Ratio: 0.42
N Threshold: 50 e, | | N Threshold: 50




® SPHERES, SMOOTH, ELIPSOIDS () Sesees

openvdb: :points::rasterizeSdf(points, SETTINGS);

e Trivial narrow band sphere stamping
SETTINGS = openvdb::points::SphereSettings<>();

= Extremely fast and efficient = Blobby, symmetrical narrow band level set

e Averaged position of influence
SETTINGS = openvdb::points::SmoothSphereSettings<>();

= Smoother, more blended connections = [Animating Sand as a Fluid - Zhu Bridson 05]
= More artistically pleasant surface

e Anisotropic surfacing
SETTINGS = openvdb::points::EllipsoidSettings<>();

= Ellipsoid transformations from local point distribution (PCA) = May not necessarily produce a symmetrical narrow band level set
= Captures smooth surfaces, thin streams and sharp features = [Reconstructing Fluid Surfaces with Anisotropic Kernels - Yu Turk 13]




% POINT RASTERIZE SDF: RESULTS L

LOS ANGELES+ 6-10 AUG

: v . . .
- - y p o :
- . .\ . » ’ . . . - at
i ) . -
i g \ » ‘ - ‘ o ' - H
e . . - - 4 .
~ - .
- \ . , P
, 4 L : X » s e \1 _ N |\ ’o
) Pt 51 | ,
| . < .- .
< 4 - : A \
- ! - .. " -« : -
- B \ ) - 4 v
e \. - L) .
y 5 \ » . -1
- o " Q'
— ; ‘ ) ™ i : . : &
e : ' _ N - . \
#, - p - _
"' ~ "~ ) » ' ’\ ‘ . .
-~ - : r ; - ~
~" ¢ ”~ R . : A ¢
- » - =
N L - <
-
5 - o ® - . - '
e = AETD e : YR A
y . - ) . O g’ Pt vy
. 'L o . . . L - 4
: / - . -
. » < -“., - -~ - -
o~ - ey L. \ L s "
L0 Y “ v ) l' . d » < - . 1
N . - A i ”
AN ’ A . _— -
- ve X " o, - ’ )
\ . Pt - - ' &N
’ . P ° ¢ '.. -
” o~ \, ". - - - & — \ . =
*y ‘J - - ,‘ ] -~ o g
: e ’ - w, N T g . - .
w . ¢ I
- N b+ | F
¢ . - a . -
, - > ¥ N > S
. - . 3 : \ 4
- 4‘ » . 4 - \.‘\ — .
- " P ‘ B & ) o
. s .
.o - ~ " » 9 ._) . ',‘., -
. " . -
- ’” \ ~ .
. -
. s B . ( 73 ¢/ < - v
N AP 2 DN
) : -
- ‘ - )
\‘\ .. .
- - .
- ‘ o‘ (.’ J :
~ ~ B \
~ - - . ¥ o
" “' ” ". \l,q = .-‘3-..
¥ . - "™ . b ) -
I : - & - LS - i
float radius = 0.05; Sl 19, e At e
g - ‘ w p - . |
R . - - . : ' - ¢
} \- ’ - ’ < .- . ’ \ ¥ . ) >
b \ - _ of ) - \ ’




> POINT RASTERIZE SDF: RESULTS gty
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POINT RASTERIZE SDF: RESULTS gty

\ : ":- b “ > : ‘\\;:‘1 " -
float radius = 0.05; | o o ARSI SO s
float search = 0.1; ’ . a L. 7,‘1 \
size_t neighbourThreshold = 20; , _ : o~ = NS,
float allowedAnisotropyRatio = 0.25f; - ' YL g e TR
float sphereScale = 0.5; s ¥ "\ v Hou\ 'nl ) SR




POINT RASTERIZE SDF: RESULTS
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> POINT RASTERIZE SDF: RESULTS e s
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> POINT RASTERIZE SDF: RESULTS e s
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> POINT RASTERIZE SDF: RESULTS e s
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> POINT RASTERIZE SDF: RESULTS
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POINT RASTERIZE SDF: RESULTS (g e

Old New Anisotropic
vI.X P2LS | Spheres Average Anisotropic | WPCA Rasterization*
Performance | 502ms 239ms 453ms 496ms 185ms + 311ms
Memory 266MB 254MB 265MB 342MB 121MB  — 342MB

WPCA Search By Voxel Width
1X 2X 4x 8x

Average Neighbour Count

11 43 176 757

Performance

96ms 185ms (1.9x) 363ms (3.8x) 1124ms (11.7x)

e 1mil points, » = 0.05, search = 0.1, dz = 0.05

e Apple M1 Max 10-Core
* *Not yet vectorized




POINT RASTERIZE SDF: RESULTS (g e

Old New Anisotropic
v9.X P2LS | Spheres Average Anisotropic Rasterization*
Performance | 502ms 239ms 453ms 496ms + 311ms
Memory 266MB 254MB 265MB 342MB 121MB — 342MB

WPCA Search By Voxel Width
1X 2X 4x 8x

Average Neighbour Count 11 43 176 ol

e 1mil points, » = 0.05, search = 0.1, dz = 0.05
e Apple M1 Max 10-Core
* *Not yet vectorized




POINT RASTERIZE SDF: SIMD () e

1 const CoordBBox bounds = .

2 const Coord& min(bounds.min());

3 const Coord& max(bounds.max());

4

5 (Coord ijk = min; ijk.x() <= max.x(); ++ijk.x()) {

6 (ijk.y() = min.y(); ijk.y() <= max.y(); ++ijk.y()) {

7 (ijk.z() = min.z(); ijk.z() <= max.z(); ++ijk.z()) {

3

9 const Index index = pointLeaf->coordToOffset(ijk);

10 const Index end = pointLeaf->getValue(index);

11 Index id = (index == @) ? @ : Index(pointLeaf->getValue(index - 1));
12

13

14 (; id < end; ++id) A

15 —>rasterizePoint(ijk, id, bounds);

16 s

17 s

ke I

19 } 2




POINT RASTERIZE SDF: SIMD () e

1 void rasterizePoint(const Coord& ijk, const Index id, const CoordBBox& bounds)
2

3 size _t BATCH = 4;

4 PointCache<BATCH>& cache = —>getCache();

5

6 (kcache.ijk() !'= ijk) {

7 ->rasterizeN(xcache.ijk(), *cache.points(), bounds);

8 cache.reset(ijk);

9 I

10

11 cache.add(id);

12

13 (cache.size() == BATCH) {

14 mTransfer. rasterizeN2<BATCH>(ijk, *cache.points(), bounds);
15 cache.reset();

16 s

17 }




% POINT RASTERIZE SDF: SIMD () e

Spheres
None SSE4.2 AVX
Scalar 1334ms (Baseline) 1274ms (4.8%) 1251ms (6.6%)
Array<double, 2> 1043ms (28%) 1006ms (32.7%) 972ms (37.3%)
Array<double, 4> 915ms (45.8%) 900ms (48.2%) 881ms (51.5%)
Intrinsics N/A 920ms (45.1%) 718ms (85.6%)

o waterfall.vdb, 10mil points, 7 = 0.05

e AMD Ryzen Threadripper PRO 3955WX 16-Cores
e Old P2LS implementation: 1823.91ms (2.5x slower)
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Spheres
None SSE4.2 AVX
Scalar 1334ms (Baseline) 1274ms (4.8%) 1251ms (6.6%)
Array<double, 2> 1043ms (28%) 1006ms (32.7%) 972ms (37.3%)
Array<double, 4> 915ms (45.8%) 900ms (48.2%) 881ms (51.5%)
Intrinsics N/A 920ms (45.1%)

o waterfall.vdb, 10mil points, 7 = 0.05

e AMD Ryzen Threadripper PRO 3955WX 16-Cores
e Old P2LS implementation: 1823.91ms (2.5x slower)
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> OPENVDB AX: FUTURE WORKFLOWS e s

o0 ¢ Houdini Apprentice Non-Commercial - [obj/waterfall/ovdbpointssurfacer

VD%OVDB Points Surfacer ovdbpointssurfacer #v B:I’l Q @ ®

> Group
h . Output SurfaceVDB surface
file3

v Input Primitive Names/Groups

. waterfall_points.vdb ¥ KeepVDB Points
VoxelSize 0.1
Half-Band Voxels 3 .
Rebuild Level Set
Mode Ellipsoids ¥
& » Particle Radius Attribute M O d e
- Particle Radius Scale ©.05
ovdbpointssurfacer

& Use World Space Influence Radius

! "Disable Surface"?

Minimum Sphericity 0.3
Volume Redistribution 0.75 ,

convertvdb e 4
Neighbour Threshold 25 | —  —— . .
PCA/Ellips Settings

Smooth Positions ©.9 ﬁ

Attribute Transfer

Number of Attributes 1 + - Clear

~

X + Name v




> OPENVDB AX: FUTURE WORKFLOWS e s

®
h file3 Compute transformations and blend isolated droplets
» waterfall_points.vdb ; 3231‘: ;gﬁeicﬁf’e"tltyz‘();
3
4 ('ingroup("ellipses"))
e & - : : : 5
db C N ) Houdini Apprentice Non-Commercial - [obj... 6
e ovdbpca {3 Null nut12 U’ﬂ, Q®® 7 stretch = ch("droplet_scale");
® v v 8 int max_neighbours = ch("max_neighbours");
Covariance Attribute rotation 9
o e %? . stretch *= (float(i@neighbours) / float(max_neighbours));
Neighbour Attribute neighbours 12
13 {
Mode Average Positions + Covariance 5 14
. 1155 decomposeSymmetricMatrix(mat3f@covariance, rot, stretch);
® SearchRadius 0.1 ’ 16 stretch = reverse(sort(stretch));
Neighbour Threshold 20 — F ...... 17
18
19 float ms = ch("min_sphericity");
® ° 20 float max_allowed_stretch = stretch[@] * ms;
. 21 stretch[1] = max(stretch[1], max_allowed _stretch);
ovdbpomtssurfacer %g stretch[2] = max(stretch[2], max_allowed_stretch);
® 24
25 stretch %= 1.0f / cbrt(product(stretch));
26 }
21
28
29 vec3f@stretch = stretch; )

convertvdb 30 mat3f@rotation = rot;
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OPENVDB AX: FUTURE WORKFLOWS

h file3

waterfall_po

ovdbpea

ovdbax

Ints.vdb

C N Houdini Apprentice Non-Commercial - Jobj...

{3} Null nul12

Covariance Attribute
Average Position Attri...
Neighbour Attribute

Mode
Search Radius

Neighbour Threshold

ovdbpointssurfacer

convertvdb

[l QA ® @

rotation
avgpos

neighbours

Average Positions + Covariance
0.1 ’
20 —_—

@ SIGGRAPH 2023
LOS ANGELES+ 6-10 AUG

Weighted blend local/global volume preservation

1 float weight = ch("average_pos_weight");
2 float scale = 1.0f / cbrt(product(v@stretch));
3 v@stretch x= (1.0f — weight) * scale + weight * ch("global_scale");




=

OPENVDB AX: FUTURE WORKFLOWS

h file3

waterfall_po

ovdbpea

ovdbax

Ints.vdb

C N Houdini Apprentice Non-Commercial - Jobj...

{3} Null nul12

Covariance Attribute
Average Position Attri...
Neighbour Attribute

Mode
Search Radius

Neighbour Threshold

ovdbpointssurfacer

convertvdb

[l QA ® @

rotation
avgpos

neighbours

Average Positions + Covariance
0.1 ’
20 —_—

Smooth positions with average weight

@
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1 float weight = ch("avg_volume_weight");
2 v@P = (1.0f - weight) * v@P + weight * f@Eavgpos;




% SUMMARY (g Mt

e Framework for X86 SIMD instrumentation for VDB 11.X

= https://github.com/AcademySoftwareFoundation/openvdb/pull/1648

e New surfacing methods for advanced SDF rasterization in 11.0.0
= https://github.com/AcademySoftwareFoundation/openvdb/pull/1634

e More tools to be augmented with SIMD in the future
e Advancements to surfacing pipeline with AX post VDB 11
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