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ISSUES AND DIRECTION

Effective use of huge computational resources

 Capacity computing

* Exploration of design space
« Uncertainty quantification
« Parameter sweep

Capability computing

» Ultra-short turnaround simulation

( Many trials
Organization of prjects
Handling of large-scale data
Automation
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ISSUES OF VISUALIZATION FOR LARGE-SCALE
DATASET

« Large-scale parallel simulation « Various vis. scenarios

* Less dependency for arch.

 Trials and errors

* To find best parameters for vis.




ISSUES OF SOFTWARE DEVELOPMENT

Selection of parallelism

* Sort-first / -middle / -last
Selection of rendering API

* OpenGL or C or others
Support architectures

* Intel, AMD, FX/K, ARM, mobile,...

Software life cycle and maintenance for new architectures

« FX/K, coming Exa. machines




HIVE

» HIVE offers multiple visualization scenarios to users

- { Parallel, Remote, Interactive } visualization

 Web-based architecture => Ubiquitous

* Interactive exploration of visual parameters and layout
e Multi-platform

* K-Computer, Intel Cluster, PC,...

* Linux, Windows, Mac




EXAMPLES

Resolution of 4096 x 4096 pixels, Asian Dragon




HIGH RES.RENDERING IMAGE




SOFTWARE STACK OF HIVE

KVS (redis or mongoDB)

Image / SceneCommand(Lua) / Parameter(Json)

node-redis with hiredis(js)

standalone mode websocket/REST(C++) node.js server(|s)

HIVE Renderer(C++) socket.io(js)

GLES | ua (C)

open] SURFACE(C++) JLoader jBuilder Browser Ul(js)

c IBavtiicer] Scene file(Lua)

OpenMP
HIVE = SURFACE

MPI + Functions of visualization + Ul




SURFACE

« Scalable and Ubiquitous Rendering Framework for Advanced
Computing Environment

* An software implementation of high performance ray tracer
Sort-Last Parallel Rendering
OpenGL ES 2.0 compatible API




HIVE APPLICATION

HIVE composes of 3 components

# Rendering by command line

S cd SHIVE/hrender/test hrender

$ mpirun -np 1
../../build/bin/hrender

render obj.scn SURFACE

Scene Node Editor

|HIVE Ul

standalone renderer

raytracing library

web interface node editor

web interface animation editor




HRENDER

« Wrapper app. of SURFACE and data I/O
« Command line module

Scene file (parameter) m

command line '»: h ren d er

g =

-y
l
[
I
l
l
I
l
l
I
I
I
I
[

= 4




WEB-BASE APP. ON HRENDER
Scene Node Editor HIVE Ul

localhost localhost

CreateCamera
position camera y Export... Add Key
g Name:
fov Translate:
zlcer:;r:’slz)z'e RenderToConsole Rotate:
color_file RenderObject0 a Scale:
depth_file RenderObject1 de

RenderObject2

CreatePolygonModel x

TeapotGenerator x

FloatToString
a mesh model
size MeshData e .
rotate
scale oa
shadermame
Uniform0
Uniform1 Property Name Value ' \
o name RenderToConsole
varname renderConsole3

[RenderObject] |a
RenderObjectO | (Object) Gansol)
RenderObject1 | (Object)
RenderObject2 | (Object)

e Camera-1
e Camera-0
e bunny_obj2

Camgrao
RENDER!! > scene.scn e
Execute Scene file:/Users/kioku/git/HIVE_riken/build/

create camera 256 nil

bunny_obi2

Debug: FileNeme = output.jpg
Renderobjects Num = 2
RenderCore: 1RENDER! 111

ools for making movie

Tools for describin
Scene file

utput.mp4

render {camera, model}




SCENE NODE EDITOR

® NodeEditor

C localhost:8080

- [hce ] [ Rercer } seve § 27 11285 MOVie fi'e

" CreateCamera
position camera CreateLineModel

target CreatePointMode!
up CreatePolygonModel

CreateVolumeMode!
fov ~ FloatToString
screensize LoadOBJ
filename

CreatePo

mesh
shademame UnitamFioat
© Uniform0
Uniform1
@ Uniform2
LoadOBJ X

filepath MeshData
PointData
LineData @)

varname

| bunny.obj

o A

mu DBG: bmax (38.  38.531700, 30. \
L] DBG: rect (0, ©) - (312, 512)
[LSGL] DBG: region (9, ©) - (512, 512) (

render
render
render
render

\

[
= output
render [
render
render
render
render
render
render
render
render
render

JBBLEE

4

gyuEY
JBBR
NNNNNNNNNNNNNNNNN

83338

render 512
render time: 7 ms(37.4491 Mraycasts)

Save:output. jpg
Exit hrender.

scene.scn

Enable us to constructrendering pipeline flexibly




localhost:8080

Google AL V¥ — High Performance Computing for Mac OS X NodeEditor

CreateCamera Render

position camera RenderObject0
target RenderObject1 ||
up RenderObject2 Render
fov RenderChiect3
screensize

filename

CreatePolygoniviadel X

CreateCamera mesh model CreateCamera
CreateLineModel

position camera transiate CreatePointModel
rotate CreatePolygonModel
target scale CreateVectorModel
up CreateVolumeModel
o shadername FloatToString
screensize LoadOBY

Uniform0 Isosurf
y Uniform1
filename ! LoadPDB
Uniform2 LoadSPH
LoadSTL

LoadVOL
MPI_Info
Print

LoadSTL X

filepath MeshData Pr
CreatePolygonModel

Nar | U¢
mesh model CreatePolygonModel
U translate _ instPongonModeI6
| SOl rotate
s e 1 Otict
[LSGL] render
shadername
[LSGL] render 163 / 480
[LSGL] render 251 / 480 UniformO [translate] -__
[LSGL] render 255 / 480 ]

[LSGL] render 267 / 480 Untform1 [rotate] o o o |
]

[LSGL] render time: 103 ms(2.9825 Mraycasts) Uniform2
[scale]
Save:output.jpg

[shadername]




#extension GL_LSGL_trace : enable
#extension GL_OES texture 3D : enable

#ifdef GL_ES

S HADE R P ROG RAM precision nediunp Flost;

uniform sampler3D tex®;
uniform vec2 resolution;
varying float matlID;
varying vec3 mnormal;
uniform vec4 color;

uniform vec3 volumescale;
uniform vec3 volumedim;
uniform vec3 offset;
uniform vec3 eye;
: uniform vec3 lookat;
Ry i uniform vec3 up;

10.600

8.618 y . . .

500210 Fustop void main(void)
8. 8680008 8, 880088 1. 668088 cu {

8.808 c

enablo_cut_plane vec3 p;
0.688 co :

75 g vec3 n;
0.100 con vec3 diP;

8.618

isectinfo(p, n, dir);

vec3 rayorg = eye;
vec3 raydir = p - eye;

vec3 texpos = (p - offset) / volumescale + 0.5; //
1173
vec4 dens = texture3D(tex@, texpos);

gl _FragColor = vec4(normalize(dens.xyz), 1.0);
return;

1




RENDERINGBY DIFFERENT SHADER

Volume-VectorArrow
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EXAMPLE OF HURRICANE DATASET




OFF-LINE RENDERING OF PDB DATA

Data :

Only Atom, 1M
Renderig point primitives with Lambert shader and ray casting

Result on Intel PC Result on K




MULTI CAMERA SCENARIO

Scrint allows us to describe more than one scenario

® 37

ey

Camera-2.jpg Camera-0.jpg Camera-1.jpg

Camera-0 - Camera-1

T~ —

\/Camera-Z




DEVELOPMENT IN THE FUTURE

 High-Performance Vis.
* In-Situ
* Vis for Parallel in Time method
* Vis for Capacity Computing

* Analytics

 Parallel Coordinate
* Fiber
« User-Interface
* Different view like a stand alone application




STRATEGY FOR INTERACTIVITYAND
SCALABILITY

Rendering

e

Image compositing

# of Cores




PARALLEL SORT-LAST RENDERING

Rendering &
Compositing

3D Data

Rendering (Subvolume)

Partial




BINARY-SWAP BASED METHOD

Keep busy in all nodes Preconditioned BS to avoid the
Scale out, but only for power of two limitation of power of two

Exchange Bmarv Swap Image Composntlon 2-3-4 Composition Binary-Swap

Blend

g

Binary-Swap
Stage 1

Telescope Binary-Swap

Binary-Swap Binary-Swap
Stage 0 Stage 2







