X
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IMPLEMENTING CLOUD SERVICES FOR . .
MASSIVE DATA VISUALIZATION ' -

Marc Nienhaus (NVIDIA), Tom-Michael Thamm (NVIDIA), and Brant Robertson (IAS, UC Santa Cruz)



NVIDIA INDEX

Analyze Large-Scale Data for Faster Discoveries

Dataset Size (TB)

88 128
GPU Cluster Size (#GPUs)

MASSIVE




DIRECT

CUSTOMERS

NVIDIA IndeX SDK to
power in-house
software solutions
with specific
workflows.

NVIDIA IndeX plugin
for ParaView, cluster
version.

Commercial license.

NVIDIA INDEX IS FOR ...

INDEPENDENT

SOFTWARE VENDORS

(ISVs)

NVIDIA IndeX SDK to
power enterprise
products.

Commercial license.

CLOUDS AND
DATACENTERS

NVIDIA IndeX SDK to
power new cloud
services and

datacenter solutions.

Commercial license.

HPC RESEARCH

COMMUNITY

NVIDIA IndeX plugin
for ParaView.

Accelerate
researchers’ science

and discovery
processes.

Non-commercial use.




NVIDIA INDEX IS AVAILABLE ...

NGC

CONTAINER

NVONLINE

KITWARE

NVIDIA IndeX SDK
and

NVIDIA IndeX for

ParaView Plugin.

https://ngc.nvidia.com

NVIDIA IndeX SDK.

http://partners.nvidia.com

http://nvdeveloper.nvidia.com

NVIDIA IndeX plugin for
ParaView.

http://www.paraview.org




GALACTIC WINDS

NVIDIA IndeX and Cholla

Supercomputing 2018
7/ TBvolumedata &
28 DGX-1 with 8 V1QB/32GB each

T '. ‘, ‘ :
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Cholla - GPU-Accelerated Hydrodynamics Solver
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GALACTIC WINDS

NVIDIA IndeX and Cholla

Brant Robertson
Evan Schneider



“ NVIDIA IndeX has been a revolutionary resource for us.
The data volumes for our largest simulations are hundreds
of gigabytes each, and even our moderate size simulations
can be tens of gigabytes in size.

With NVIDIA IndeX we can explore the data in a way not
previously possible, which is allowing us to understand the

complicated physical structure of the galactic outflows
like never before. ”

Brant Robertson
Maureen and John Hendricks Visiting Professor, Institute for Advanced Study and
Associate Professor, University of California, Santa Cruz



GALACTIC WINDS

Supernova Explosions Drive
Outflows from Galaxies

Understanding the evolution of
galaxies requires understanding
galactic winds driven by
supernovae.

We use the CUDA-accelerated
hydrodynamics code Cholla to
simulate galactic winds and
NVIDIA IndeX to visualize them.

M82 (NASA)



.
CHOLLA

Computational Hydrodynamics On /I

Roughly perfect weak scaling to

Architectures >10,000 NVIDIA GPUs

A massively paradel, GPU-native ~ * Available publicly at O e R e T

hydrodynamic simulation code github.com/cholla-hydro/cholla j—e—0—e—0—0—0—0—0—¢ 0000

written by Dr. Evan Schneider ' ’

(Princeton) for her PhD thesis. " Incorporates state-of-the-art _ . o e o
hydrodynamics algorithms _ /‘\0’“ Te—eT e e

- * (unsplit integrators, 3 order é’ 10 ¢ i

: spatial Feconstruction, precise = ' '

See Dr. Schneider’s talk on Cholla Riemann solvers, dual energy _

and galactic winds: 59728, formulation, etc.) _ Total Runtime |

Wednesday 1:00pm, Hilton Hotel . '\CAEIJ éfuiz;?’:;o) .

Market Room = |ncludes GPU-accelerated : . . . .
radiative cooling based on% Yoo dor o o5 108
Cloudy tables. GPUs

Schneider & Robertson (2015, 2017)



. -
CHOLLA: BY THE NUMBE.RS

Petascale Simulations Powered by NVIDIA GPUs

Largest producti(?n simulations run to date: 17.2 billion cells, 824GB per snapshot
Largest test calculations run to date: 547 billion cells, 21.9 TB per snapshot
Largest number of NVIDIA K20X GPUs used simultaneously: 16,348 (OLCF Titan)
Largest number of NVIDIA V100 GPUs used simultaneously: 5,472 (OLCF Summit)

C.urrently running on Summit (Project ID AST149) Summit (OLCF)
[ 4

Our simulations run for tens of thousands of timesteps, which would result in ~100
petabytes of information if we saved every snapshot for a visualization.

NVIDIA IndeX is an enabling technology for us, as it will allow in-situ visualization of
petascale simulations that would be impossible in post processing.



ENGINEERING
SCIENCE

In-Situ Visualization

Creating new workflows
Faster discoveries
Faster decision making




NEURON SCIENCE

HPC and Supercomputers

Containerization
Multi-node deployment
Singularity




SEISMIC DATA

Data Interpretation in the Cloud

Google Cloud Platform & AWS
Datacenters

Elasticity

Fault Tolerance
Data sharing
Headless Setups

Courtesy




NVIDIA INDEX
ACCELERATED COMPUTING

CUDA PROGRAMMABLE ADVANCED VISUALIZATIONS



NVIDIA INDEX ACCELERATED COMPUTING (XAC)

Program, Compile and Execute CUDA Code at Runtime

High-Fidelity
3D Volume Visualization

3D volume input Your CUDA Source Code
(Supernova)



CODE INJECTION TO INNER-LOOP OF RAY-CASTER

Distributed Cluster-Wide Sampling Along Rays Transparent to User

Camera




=)

CUDA Code Edtor (1)

code preset:

nv: :index;
nv: :index: :xac;
nv::index: :xaclib;

Volume sample program

NV_IDX VI

initialize() {}

N\

execute(
Sample info self& sample_info,
Sample output& sample output)

{
sample = state.self.sample< >(sample_info.sample position);
color = state.self.get colormap().lookup(sample);
sample output.set color(gamma_correct(color, 0.8f));
NV_IDX PROG_OK;
13

@ANVIDIA,

INDEX



amomsen @0 -0

INV_IDX_XAC_VERSION 1 @

code preset:

‘anecpa - nv:tindex;

= Volume_sample program
NV_IDX_VOLUME SAMPLE PROGRAM

NV_IDX DEVICE INLINE MEMBER
o' ipitialize() {}

NV_IDX_DEVICE INLINE MEMBER
~ . execute(
onst Sample info_self &sample info,
Sample output &sample_output)

// get position & references
- - &sample position - sample_info.sample position;
- xac::Colormap colormap = state.self.get colormap();

// sample volume and color
-~ . volume_sample - state.self.sample< ' >(sample_position);
-~~~ sample_color = colormap.lookup(volume_sample);

// compute volume gradient
~orst 1o vol grad = state.self.get gradient(sample position);

/! shade color by gradient magnitude
~oo=0 - los grad_fac = length(vol_grad) * 206.ef;

// scale color and apply gamma correction
© - out_color = clamp(sample_color * grad_fac, 8.8f, 1.6f);
out_color = xaclib::gamma_correct(out_color, ©.6f);

// set output color
sample_output.set_color(out_color);

=turn NV_IDX_PROG_OK;

}s

@EANVIDIA.

INDEX



NVIDIA INDEX ACCELERATED COMPUTING (XAC)
ON DISTRIBUTED DATA

Spatial Subdivision for Scalable Rendering

3D Seismic Volume ' e - " : Visualization using XAC



SEISMIC DATA VISUALIZATION

XAC Shading

No XAC Shading



SUPERNOVA VISUALIZATION

— —

No XAC Shading XAC Shading




EXPLOSION EFFECTS

OpenVDB Explosion Sample Dataset
VoxelResolution: 201x272x230
www.openvdb.org/download/

No XAC Shading XAC Shading




SMOKE EFFECTS USING XAC

OpenVDB Smoke2 Sample Data Set
VoxelResolution: 191x610x178
www.openvdb.org/download/




HIGH-BANDWIDTH INFERENCING
. USING NVIDIA INDEX



Al FOR SCIENCE THROUGH NVIDIA INDEX

David Hall - Numerical Weather Prediction — Overview

(Tuesday morning, GTC Recordings)

DETECTION

Tropical storms
Extra-tropical cyclones
Atmospheric rivers
Cyclogenesis events
Convection initiation
Change detection

PREDICTION

Uncertainty prediction
Storm track

Storm intensity

Fluid motion

Now casting

Satellite frame prediction

Create Solutions

<ANVIDIA.

INDEX

Al-Guided Data Analysis and
Interpretation

Leverage NVIDIA Platforms

=
LA A,
W Y L

-
L]
it
28248804844,
(RREEEiieiya
fEEEreeeiiya

=

Volta & Turing & T4 with Tensor Cores



Al-GUIDED VISUAL DATA ANALYSIS AND
INTERPRETATION

ldea: Combining Al-Frameworks with XAC Program Evaluation

Trained
Network

Seismic (3D Volume) Visualization

Input Inference



Al-GUIDED VISUAL DATA ANALYSIS

Visualizing Inference Results in Combination with the Source Datasets

C++ Callback XAC Program

Seismic
(3D Volume)

Trained

Visualization
Network -

— _— —_— _— _— _— —_— _— _— L} —_— _— — —_— —_— _—
i ol
i 20 seodect
* b S e
I———————————————1

' CUDA-based workflow
Input - CUDA device buffers share inference results with
XAC shader/compute program evaluation



INFERFACE FOR USER-DEFINED
INFERENCING ON THE GPU

void My tensorrt_inference_technique::inference( . - - 1
const IInference_source data* source_data, ]nference() CaubaCk Invocat]on
IMemory_manager¥ memory_manager,

IInference_result* result_data_assignment) const (1) C++-callback issues by the NVIDIA IndeX

{ .

// Access volume data resident on the CUDA device: rendermg SyStem' - -
const mi::math::Bbox_struct<mi::Float32, 3> brick_bbox; (2) Request a CUDA device pointerto a
char* brick_data = source_data->get_brick(brick bbox); // CUDA device pointer. volume brick or slice.
// Request CUDA device buffer, here: linear device buffer. (3) RequeSt CUDAdevice I:nemory from
nv::index: :ICuda_memory buffer* buffer = memory manager->get_cuda_memory_manager()-> NVIDIA IndeX to store inference results.
request_linear_device_memory<mi::math::Bbox struct<mi::Float32, 3>>(1); (4) Run inference here using TensorRT
char* device_ptr = buffer->get(); (pseudocode)
// Implement inference using TensorRT (pseudocode). Free to use other AI Frameworks. (5) W”t.e inferenceresults to requeSted
tensorRT->inference( device memory.
o ;: f’”‘“"edd"i“’z;k ke (6) Bind device memory buffer containing
rick_data, source data .
e o R ) inference result to a XAC shader.
// Bind inference results to a buffer/slot to make use in a subsequent XAC shader.
const mi::Uint32 slot_id = 9;
result _data_assignment->bind_inference_result(slot_id, buffer);




SUBSEQUENT XAC SHADER EXECUTION

class Volume_sample_program
{
public:
int execute(const Sample_info_self& sample_info,
Sample_output& sample_output)

{
const auto svol_sampler = state.self.generate_sampler<float, xac::Volume_filter_mode::TRILINEAR>(@, sample_info.sample_context);
const float3 sample_pos = sample_info.sample_position_object_space;
const int slot_id = O;
const Bbox* buffer = state.self.bind_device_buffer<Bbox>(slot_id);
if( buffer->is_inside(sample_pos) )
{
const float v = svol_sampler.fetch_sample(sample_info.sample_position_object_space);
const nv::index::xac::Colormap m_colormap = state.self.get_colormap();
sample_output.set_color(m_colormap.lookup(v));
}
else
{
const float4 default_color = make_float4(©.1, 0.1, 0.1, 0.2); // translucent and greyed out.
sample_output.set_color(default_color);
}
return NV_IDX_PROG_OK;
}

}s



GPU-ACCELERATED HIGH-BANDWIDTH
INFERENCING .

Spatial Subdivision for Scalable Inference Algorithms




NVIDIA INDEX
ENTERPRISE LAYER
» AND PLUGIN ARCHITECTURE



MAKING USE OF NVIDIA TECHNLOGIES
NVIDIA IndeX SDK - C++ API

Applications, e.g., ParaView
<A NVIDIA.

INDEX

NVIDIA Technologies IBM Technologies



MAKING NVIDIA INDEX INTEGRATION EASY

NVIDIA IndeX Enterprise Layer exposing Convenience Functionalities

Applications and Services

NVIDIA IndeX Enterprise Layer

Videosteaming @ § oy o Scene Canvas 3D Visuat
Server Management Management Interactions Profiler

<ANVIDIA.

INDEX

NVIDIA Technologies IBM Technologies



PLUGINS LOWERING THE BAR FURTHER

NVIDIA Extensions or External Contributions

Applications and Services

NVIDIA IndeX Enterprise Layer

Videosteamine§ § ¢ o Scene Canvas 3D Visual o
Server Management Management Interactions Profiler Plugin Management

<ANVIDIA.

INDEX

NVIDIA Technologies IBM Technologies



Importers

Compute
techniques

Inference
technique

Common
workflows

PLUGIN EXAMPLES

Al Framework
integration

= cuDNN

= TensorRT

OPENVDB

OpenVDB
Importer

Compute
integration

In-Situ workflow

CHOLLA

INTEGRATION

Cholla-NVIDIA
IndeX
synchronization

In-situ workflow

Run on Summit

MEDICAL

Nifti importer
DiCOM importer

Inference
techniques




INTRODUCTION OF
NVIDIA INDEX FINGER



NVIDIA INDE

Browser & HTML-5-B




FEATURES

Scene Elements

Volume

Plane

Colormap Sketch-Editor
Colormap Curve-Editor
Camera

CUDA Editor

CUDA Parameters

Configurations

Command Handler
Animation

Scene Element List
Canvas Element

Properties

Basic Performance
Display Credits



Scene Elements

= Volume

= Plane

= Colormap Sketch-Editor
= Colormap Curve-Editor
= Camera

= CUDA Editor

®= CUDA Parameters

Configuration

= Comand Handler
= Animation Controls
® Scene Element List

= Canvas Element
Properties

= Basic Performance

= Display Credits

Selection Preview

SANVIDIA,

INDEX

0 # color domain, alpha 1

oo ]

© Add Panel

Walt Disney Animation Studios,
OpenVDB Cloud Data Set,
assets.disneyanimation.com/wdas_cloud.zip




NVIDIA IndeX Finger - Drag-and-Drop

@ANVIDIA,
INDEX




1OVIOIA

INDEX

IndeX Session Jupyter Notebook Session
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INDEX

mmewsen  @e -0

INV_IDX_XAC_VERSION 1 @

code preset:

using namespace nv:iindex;

s Volume_ sample program

NV_IDX VOLUME SAMPLE_ PROGRAM

publii

NV IDX DEVICE_INLINE MEMBER
' ipitialize() {}

NV_IDX DEVICE INLINE MEMBER
~ . execute(
const Sample info_self &sample_info,
Sample output &sample_output)

{
// get position & references
= - Fksample position - sample_info.sample position;
~or-0 xac::Colormap colormap = state.self.get colormap();
// sample volume and color
c .- volume sample - state.self.sample< ' >(sample_position);
const ~ sample_color = colormap.lookup(volume_sample):
// compute volume gradient
~oo=n “los . vol _grad = state.self.get gradient(sample_position);
// shade color by gradient magnitude
<= ~loat grad_fac = length(vol grad) * 200.8f;
// scale color and apply gamma correction
©©- out_color = clamp(sample_color * grad fac, @.8f, 1.ef);
out_color = xaclib::gamma_correct(out_color, ©.6f);
// set output color
sample_output.set color(out_color);
&t NV_IDX PROG_OK;
}

TS
0.02 # color domain, alpha 0.14










NVIDIA INDEX AND
OPENVDB
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NY_TDX_VOLUME_SAMPLE_PROGRAM

public:

// shadow ray

“loot angle = 0.0f;
fay angle around axis

conet 10t steps = 48;
ray samples (maximum)

~orst lost light distance = 3e.ef;
ftraveling distance (maximum) :

“orot oo min_alpha = 8.1f;
fthreshold for scattering

“orst flost max_shadow = 0.2f;
ishadow factor )

©ooot loat shadow_exp = 1,5F;
dampening

“.rst clust shadow_offset = e.esf;
ray (avoids voxel self darkening)

const Flogtiaxis = make_float3(8.5f);
Bxis

/1 shading

~ . . use_shading =8
hading

oot it amb_fac =8.2f;

o5 los min_samp_alpha = ©.01f;
processing alpha :
~ . uint field index = 8u;

const
const

~ 0ot plane_data buffer* m_plane array_buffer;

// [eur}] shadow
/{ [eur} shadow
/1 [8u1] Iight

/¢ [eur} alpha

// [GUI] darkest
// [GUI} shadow
// offset shadow

/7 light rotation

/¢ [suUI] use local

/J smbient factor

// finite

/1 minimum

= state.self.get_volume_bbox_min();
= state.self.get volume bbox_max();

@ANVIDIA,

INDEX

Walt Disney Animation Studios,
OpenVDB Cloud Data Set,
assets.disneyanimation.com/wdas_cloud.zip




NVIDIA INDEX PLUGIN
FOR PARAVIEW



NVIDIA INDEX PLUGIN FOR PARAVIEW

Updates and new features:
Improved upload time and memory management
Implemented new IndeX instance class as one global instance.
Schedule:
The IndeX plugin release will be synchronizedwith the new ParaView 5.7 release

The ParaView Release is scheduled for April 2019.



NVIDIA INDEX PLUGIN FOR PARAVIEW

Performance Comparison

NASA Fun3D data

30 million cells, unstructured tetrahedrons
Using ParaView 5.6 & NVIDIA IndeX plugin 2.3

Performance Results:
Colormap change:

ParaView native: 66.38 [sec]
NVIDIA IndeX: 0.051 [sec]

Moving camera:

ParaView: 25.01 [sec]
IndeX: 0.044 [sec]




FUN 3D DATASET .

NASA
2.5 Giga Cells
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FUN 3D DATASET

NASA
2.5 Giga Cells
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NGC DOWNLOAD

NVIDIA GPU Cloud Catalog

NVIDIA IndeX & HTML5-based Viewer
NVIDIA IndeX Paraview Plugin

Documentation [

& User Forum[3*

«

Collap:

DEEP LEARNING

Search containers

nviDla,

ally rich scientific
tions: bridging between ParaView
and high-end rendering engines such as
NWIDIA Holodeck.

A sample that demonstrates a
ticnal n-body simulation in CUDA.

MACHINE LEARNING

nviDiAa,

MVIDIA IndeX™ is a leading volume
visuzlization tool for HPC. It takes
advantags of the computational
horsepower of GPUs to deliver real-time ..

ParzView iz ona of the most popular
visualization software for analyzing HPC
NVIDLA IndeX delivers real-tima,

wizualization of large valumetri...

eate an Account Terms

INFERENCE

Sort: Popularity ~w

nviDiA, nvioA,

ParaView iz one of the most popular w is one of the most popular

wvisualization software for ana wisualization software for analyzing HPC

datazets. datasets. NVIDIA OptiX delivers ray tracing
capabilities with the ParaView-Optix cont...

VMD iz designed for modeling,
visualization, and analysis of biomelecular
systems such as proteins, nucleic acids,
lipid membranes, carbohydrate structure...




LATEST NVIDIA INDEX KEY FEATURES

XAC Compute using CUDA programming
Speed up the discovery process

High-Bandwidth Inferencing
Al-guided visual discovery process

IBM Power9 Software Package
Broad platform availability

Corner-Point Grid Datastructure
Oil & Gas reservoir modelling

Enterprise Layer with Plugin

Infrastructure
Simplify creation of tailor-made cloud services
and solutions

NVIDIA IndeX Finger - HTML5-based
Viewer

Enabling tailor-made cloud and enduser
solutions

OpenVDB Support
Extending data format support in Media
and Entertainment



GALACTIC WINDS WITH NVIDIA INDEX

@ GOOGLE BOOTH
B e @ NVIDIA BOOTH

CONNECT WITH THE EXPERTS

NWDIA INDEX TECHNOLOGY FOR HPC VISUALIZATION
TODAY | 5PM - 6PM, HALL 3 POD E (concours LEveL)

PARTNER TALK

ADVANCING ASTROPHYSICSWITH THE GPU-NATIVE, MASSIVELY PARALLEL CODE, CHOLLA

L3 EVAN SCHNEIDER, PRINCETON UNIVERSITY
WEDNESDAY | MAR 20, 1PM - 01:50PM - HILTON HOTEL MARKET ROOM
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Tom-Michael Thamm, NVIDIA
Prdduct Manager NVIDIAMndeX
Director Product Management

Brant Robertson g

Maureen and John Hendricks Visiting Professor, Institute for Advanced Study
Associate Professor, UmverSIty of California, Santa Cruz
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