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Overview

In-place visualization on supercomputer

— Dataset size, transfer, GPU limits

Viz apps for
— Materials Science

— Life Sciences

Port software
— AVS/Express
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HECToOR

— Cray XT4 (Rainier)

— 1416 x 4 x quad-cores: 22,656 cores (AMD 2.3GHz Opteron)
— 8Gb / quad-core socket: 45.3Tb

— 24 dual-core 'login' nodes

— UKRC funded, EPCC/STFC/NAG Ltd. operated

Viz resources: Paraview

— Kitware, Sandia National Labs, CSimSoft
— Terascale datasets

— Batch and interactive on HECToR
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Distributed rendering (MPI)
OSMesa

pvserver
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NAG DCSE

NAG: Distributed CSE Projects
— Funding to port software to HECToR
— NAG / user time

Massive Remote Batch Visualizer
10 months DCSE + 2 months NAG optimization
— May 2009 — Feb 2010
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AVS/EXpress

Rapid visualization pipeline
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AVS/Express Editions

Standard

— Serial compute & rendering Module A

— Parallelize at user-module level (hidden from object manager) 'stib
Multipipe Edition: parallel rendering e e i

— Adds new renderer to S/W, OpenGL, ... ompo
Parallel Edition: parallel modules Module B

— Adds API, framework, p_ modules istrib
Distributed Data Renderer: PE + distributed rendering Parallel Code
MPI (+ pthreads in renderer) ompo

— Clusters, interactive

AVS/Express Parallel Edition is productized using PST developed by JAEA




Data Courtesy Lionel Temmerman and Michael Leschziner Imperial College London Department of Aeronautics
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Gory Technical Details

Non-programmers look away now
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DDR Architecture (MPI processes)

Before HECToR

- MPI rank

......... IS Inter process

— Intra process
—

File read

AVS Field file

- Raw data file
#pstnode s

Decomposed data

#mpunodes
Geometry

CE of p_module

Rank O

— Compute vs login

Rank 4 Rank 5 Rank 6
mpunode gnpunode jghpunode

11
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Porting to HECToR

Express on login node
— HECTOoR: No MPI

EXxpress on compute node

— HECTOR: No X server
— express —offscreen badly implemented

Remove MPI

— Two versions of code to maintain

Replace Vendor MPI

— Forward MPI from login to compute
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express was always rank O

— Xxpnode poses as express on compute node

— pstnode , mpunode as before
xpnode connects to express

— Express submits MPI job to Q
— Pass login ip via env
— EXxpress listens

— Batch Q runs MPI job (eventually)

Usual Express/DDR init

— Processes register with rank 0
— Comm initiated by express

MPI| Forwarding

login.hector.ac.uk

express

T socket

pstnode pstnode

MPI T

mpunode

Compute nodes
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XPMT C libs developed

XPMT Libraries

— express links libxpmt.so

— xpnode links libxpmt_mpi.a + libompi.a (static libs on backend)

— pstnode, mpunode links libmpi.a

Express sees: libxpmt

"Call MPI_lIsend()"

libxpmt_mpi

Subset of MPI functionality

MPI_Isend()
Xpmt_mpi.h not mpi.h

All MPI objects represented as indices
MPI_abc( ... ) packs args, data, indices rank 0

Awaits return values
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Xpnode sees: libxpmt_mpi + libmpi

MPI_Status objs non-standard

XPMT Libraries

Message recv / function dispatch loop
XMPI_abc(void) Receives packed xpmt args, data

Indices lookup real MPI objects

« Comm_table, Request_table, Op table, ...

Call real MPI function MPI_abc( ... )
Store new MPI objects

libxpmt_mpi

Calls vendor
MPI_Isend()

new indices

Send results, data, indices, err flags to libxpmt

— Persist in libxpmt_mpi: xpnode(rankO)

— Require explicit deletion from libxpmt side: express
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Compositing

Currently AVS use HP's Paracomp

— Parallel Pipeline model (Lee, et al, IEEE TVCG 96)
— No MPI support

— Hostnames of compositing nodes reqd

— 4 pthreads per node

Compositing core extracted
— Supply rgba images (+depth) for blending

— Requires MPI image transport scheme
« 2-3 Swap. Yu, Wang, Ma, SCO08

— Currently binary-swap compositing

16
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Binary-swap

Utilise all processors during compositing

bottleneck

v
v

Stage 1

A

A

v

A

Stage 2

v

A

Gather

17
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User Cases

Materials Science

— Dr Paul Mummery

— Henry Moseley X-Ray Imaging Facility (EPSRC, NWDA, UofM)
— CT scanning equipment (2k x 2k x 16bit x n slices)

— JEEP Beamline 112 (~4k x 2k x n slices)

— 50-100Gb volumes

— Volume render (rgba=4xRaw data), isosurface (~2x10° triangles)
Life Sciences

— Dr Bill Sellers
— High Res CT dinosaur/footprint fossil scans

— 40Gb claw
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Optimization

p_module C.E. code ]
c ,|daté |

— Currently serial within MPI process /D
— ldeal for mixed-mode OpenMP/MPI Z + + +
OpenMP "‘IZI
l
-

— Isosurface, orthoslice Stl- - hlind= |
p_volume_render threads | ;U | ;U
— pstnode passes data straight to mpunode H H H
— mpunode converts intensity data to rgba MPI rank| MPI rank

— MesaGL loads rgba data as texture
— SysV shmem technique

Express MPI messaging

— Many point-to-point

19
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What, no demo?

20
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Thanks to James Perrin, Paul Mummery, Phil Manning

http://www.manchester.ac.uk/researchcomputing




