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End-to-end schematic




End-to-end schematic

generation



ENnd-to-end schematic
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How IS “vIS” different from a
‘regular’ app

 |/O IS different

® Analysis/VviS IS a consumer of data vs. a producer

® [nteractivity — broadly defined

® Connection to users’ eyeballs




Session “take-home’” messages

® [/O Is our primary gating factor.

® “\/|s clusters” are not sufficient for the
petascale.

® [{'S much more than just rendering.
® Analysis IS very domain-specific.

® Pushing analysis/vis to the HPC system
requires policy changes.



Success with “traditional” vis
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Data size categories

x Small;

» Data is small enough to easily move anywhere
» Analysis/vis is generally done on local workstations

= Nedium:

»x  Data won’t fit on local workstations
»  Generally have 1o process on “fat” SMP systems

® | arge:
= Rather painful to-move
»  Requires distributed parallelism

® Hero:

= Functionally impossible to move
»  Only approachable on largest computational platforms



‘Large” data — remote visualization

» | argest datasets require use of institutional resources
®x Reduces data movement iIssues

x Allows exploitation of multiple GPUSs

® Provides visualization to remote users

x Exploited by Vislt, ParaView, EnSight

llllE

Parallel
File

L

Store

Rlll

lll\ III\ ll-ls Il‘l II.HI



"Hero” data

» Purchasing separate analysis systems at
the petascale is prohibitively expensive:
$10-30 million

» Working to move largest vis/analysis
tools to HPC architecture

» Vislt on Cray XT4/5
» See Cray User's Group ‘08

» ParaView on Cray XT4/5
« See Cray User’s Group ‘09 (hopefully)



Data parallelization for all components

= |dentical data flow networks
OnN each Processor.

Parallel
Simulation

Code = Networks differentiated by

portion of data they operate
on.

/O ' P3

Parallel
Analysis
Code

Proc 0 Proc 1 Proc 2

= “Scattered/gather”

x No distribution (.e. scatter),
Decause scatter i1s done
through choice of what data
to read.

x  (Gather: done when
rendering

Render|ng/c0mpos|t|ng = Distribution of data is key



Data parallel streamlines/pathlines
rovides understanding of large Vector fields

-




Command-line and graphics
interaction with R on Node O

User writes data reader to bring data
from parallel file system (NetCDF
examples)

User is aware of data distribution and
develops data-parallel analysis methods
with full capabillity of R on every node

Lustre file system

@ @ @

Node O Node 1

MPI (via modified Rmpi)

Login session
to head node

Node 2

X11

ssh

Node O



Central file store

x Scalable parallel throughput
x | ustre, GPFS, Panassas, ...

x Shared between source and destination
® Provides “zero copyaccess to simulation results

x Allows easy

deployment of . Central Parale R
Large Computational Storage Visualization/Analysis
re m Oe Platform (Lustre, GPFS, System
: . : Panassas, etc.)
visualization
|
capabilities ;
|

User's
Desktop



/O management

x |/O is primary bottleneck to understanding

x Reducing “interactive” 1/0 Is always a win
® Pre-indexing data

® SKip Irrelevant data (slicing, view-dependence,
data-directed)

x (Guided visualization



Bitmap indexing

x FastBit project from the SciDAC SDM Center.
x Accelerates interaction with laser wakefield simulations.

= Allows for interactive seeking of particles, with execution
time linear in the amount of returned particles.

» See SCO8 paper.: 3

.) =
X Z4 X .
(x’f’p‘sy {% a%-s) (x10%-3) (n&q id
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X-AXiS 10"

15



Fat tree data indexing

Load-balancing among servers uses space-filing curves to break up
locality within the dataset.

Optimized data access by using a sparse search tree structure to skip
Irrelevant data items on top of a linear search.

Discard unwanted data items upon distribution (data items are
iIndependent of any: structural meta-information)

Compress blocks of data items to trade memory space vVS. acCess
time, decompress on access.



Ultimately, it's about “understanding”

The most exciting phrase to hear in science,

the one that heralds new discoveries, is not
'Eureka!' (I found it!) but "That's funny ...

— Isaac Asimov

The purpose of computing is insight, not
numbers.

— Richard Hamming



Analysis Is more than just rendering pixels

Visual

o T i :
AT e —— T8 X ' : ’
N~ Debugging
il Materiaks on the top et 4 4
" M = Pressure on the bottom > & ZBIN e
ot Dirt / bt

e

Quantitative Analysis

Communication




Data scale limits scientific understanding

» Spatial resolution Increasing
x 00 many zones to see on screen (without high-res Powerwall)

x [emporal complexity Increasing
»  Manually finding temporal patterns is tedious and error-prone

= Multivariate overload
»  Climate simulations have 100-200 variables

® |SSues of data models and domain-specific data
x .. Multigroup radiation fields



Employ “Info Vis” methods for added
insight and Guided Analysis

» Scatterplots
® [rees
® [opology
® Contour trees
® Histograms
x Multidimensional

x Multivariate binning

INto m

Provic

Parallel coordinates

es more insight
ultivariate

elatio

NShIPS




solid phase compressible

liquid

Pressure

supercritical fluid

critical pressure

PCI'
liquid
phase

Ptp triple point superheated vapour

gaseous phase

critical
temperature

Ttp Ter
»

Temperature

Example: Phase space




ExXxample: Phase space

= Prsm [figure_602 DENSITY. 11.425.wide.um(] EEx

Help
& K “h* @ |ce ~|[oeEnsiTy_n vk > o 0l B>

® | Ink together phase
space depiction wit
traditional spatial

visualization g
Courtesy David Rogers

and Pat Crossno of
Sandia



Higher dimensions

®  Supernova simulation
= 5 variables plotted at once
= Radius, time, pressure, density, entropy



July
August
September
October
November

—l 2052

December .

“Green-Up”: Northern Hemisphere colored by month of event in variable ELAI
Query: ELATI: [-.4-.4]*T[.4-max]2*

lemporal summaries

x See |[EEE Vis 08 paper



January

February Oy

March
April

May

June

July
August
September

October

November

—l 2052

December .

“First Snow”: Northern Hemisphere colored by month of event in variable FSNO
Query: FSNO:?2?2? [min-.07]*T[.07-max] ?*

lemporal summaries
x See |[EEE Vis 08 paper




Supernova neutrino radiation field

® Historically, just hydrodynamicsé;

x Now:
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x 20 radla’uon energy groups

f(r,01, ¢1,t,02, do, flavor, )\) = occupancy

Eight discretized “spatial” dlmensmns!
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Parallel coordinates summary. view
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Parallel coordinates summary. view
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Magnetically Gonfined Fusion

x  Complex magnetic fields for
confinement

x [opological analysis

» Magnetic field line-winding
» Poincare plot generation i\\\
N== /

Combined visualization of simulation
results and CAD model of ITER



HPC Implications

= Many techniques straightforward to parallelize:
= Histograms

= Statistical binning
= Scatterplots
= Parallel coordinates with 2D histograms

»  Rendering (see Jm Ahrens’ talk)

x  Others need more work:
= Compositing

= Multiaxis parallelization (spatial, temporal, multivariate)

= |/O optimizations scalable to HPC systems:
= [FastBit, fat trees

= | everage |/O architectures for data reduction



HPC Implications

x Can run bulk of analysis on HPG systems
®x GPUs are of secondary importance

® [nteractivity requires rapid gueue
turnaround

x Bursty [/O reads s a different mode of
operation



Future work

®x Deploying and harnessing “three-
tiered” Iinstitutional
Infrastructures.
® Direct coupling to sim
® “In-situ” analysis

x \Norkflow management

x Entire process (compute, storage,
analysis, archiving) — Kepler

x “Packaging’ analysis capability
(VisTrails)

® Alternate client technologies
x Dashboards/portals
x \Web-based delivery

Simulation
linked with
first-stage
analysis code

Second-stage
analysis,
including
scalable

rendering

Final image
delivery to
user's desktop
for interaction

Petascale HPC Compute
Platform

GPU-enabled
visualization/

analysis system

User's
deskto

P




Session “take-home’” messages

® [/O Is our primary gating factor.

® “\/|s clusters” are not sufficient for the
petascale.

® [{'S much more than just rendering.
® Analysis IS very domain-specific.

® Pushing analysis/vis to the HPC system
requires policy changes.





