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NSF MRI Project 

In September, 2004, NSF funded a project to build a prototype system in the LCSE for interactive 
analysis and visualization of multi-terabyte data sets.  The team participating in this project, led by LCSE 
Director Paul Woodward, includes Profs. David Du, Ernest Retzel, David Yuen, Thomas Jones, Jon 
Weissman, Baoquan Chen, and Dr. David Porter.  This prototype system is presently under construction.  
A system diagram is shown below.  A 24-port Infiniband-4X switch from Topspin (recently bought out by 
Cisco) interconnects two 16 CPU Unisys ES7000 machines and 12 Dell PC workstations.  Sustained data 
transfers of 350 MB/sec have been achieved with our software on Infiniband-4X.  The Unisys SMPs were 
donated to the LCSE in March of 2003, with Intel donating the CPUs and Microsoft donating software.  

Diagram of the 
system now 
under 
construction in 
the LCSE. 

Dual Unisys ES7000 
machines, each with 
16 Itanium-2 CPUs 
and 32 GB memory. 

Dell PC workstation 
nodes can act as 
intelligent storage 
servers and also as 
image generation 
engines. 
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Each ES7000 has 16 Intel Itanium-2 CPUs running at 1.3 GHz and sharing 32 GB of memory.  A detailed 
performance study of LCSE applications on these machines can be found at www.lcse.umn.edu.  Each Dell 
PC workstation has dual Intel Xeon CPUs with 64-bit memory extensions running at 3.6 GHz and sharing 
8 GB of memory.  Graphics rendering power for delivery to the 10-panel LCSE PowerWall is provided 
through an nVidia Quadro 4400 graphics engine in each PC workstation.  12 Seagate 400 GB 7200 rpm 
SATA disks are attached to each Dell workstation using a 3Ware 12-channel controller.  Sustained data 
rates of over 400 MB/sec have been achieved on a single machine with this disk subsystem.  The disk speed 
and Infiniband interconnect speed are therefore well matched.  We are grateful to Dell and to Seagate for 
arranging special pricing for these system components. 

The goal of this system development is to take the LCSE applications to a much more interactive 
level.  The LCSE team has been engaged in generating PowerWall movie visualizations for many years, but 
these movies have been generated in large batch-oriented processes.  Over the years, the generation time has 
been reduced, even for our largest data sets, to an overnight batch rendering job (see ADCS lab project 
below).  Our new system is intended to enable movie generation under interactive user control at full 
PowerWall resolution from multi-terabyte data too large to fit into a single renderer’s memory.  The 
prototype system will have only a single renderer for each PowerWall image panel, but for the largest data 
sets the 12 nodes will collaborate to generate images for only a single panel, so that an interactive frame rate 
can be maintained.  A key concept is to replicate up to 2 TB of data on every PC workstation node, so that 
each node can stream into its graphics engine the subset of this data that it needs without any contention 
from data requests made by other nodes.  The remaining 2 TB of disk storage on each node will be used for 
less volatile data.  The LCSE’s HVR volume rendering and movie generation software is being adapted to 
this new interactive mode of use.  The potential also exists to perform interactive movie generation on the 
PowerWall from raw simulation data, without having first to process this data into voxel bricks for input to 
HVR.  The Unisys SMPs, with their large shared memories and 16 Itanium-2 CPUs, are ideally suited to 
processing the more voluminous raw data, piping the voxel results over the Infiniband network to HVR 
running on the Dell nodes. 

ADCS Student Lab Project 

Through an earlier NSF-funded project, the LCSE 
team has collaborated with the University of Minnesota’s 
Academic and Distributed Computing Services (ADCS) 
organization to leverage the ADCS investment in a large 
student lab in the Walter Library building that houses 
the Digital Technology Center, of which the LCSE is a 
part.  This project team, led by LCSE Director Paul 
Woodward, includes Profs. Ernest Retzel, David Du, and 
Jon Weissman, as well as Prof. Ted Wetherbee of the 
Fond du Lac Tribal and Community College in Cloquet, 
Minnesota.  The student lab in Walter Library contains 
67 Dell PCs and 32 Macs.  These are new machines, 
installed in June, 2005, that replace an earlier set now located on the St. Paul campus, where they are available to us 
over a Gigabit Ethernet link 24 hours per day.  The new machines in the Walter Library building are available to us 
only when not in use by students.  In the Figure above, taken in the ADCS lab very late at night, the machines (the set 
now on the St. Paul campus) that are not in use by students are seen rendering a PowerWall movie.  Under this 
project we outfitted 52 of the original set of Dell PCs with 400 or 500 GB of disk storage each and with Gigabit 
Ethernet NICs and nVidia GeForce-FX graphics engines.  We also purchased 20 TB of external FireWire-800 disk 
storage that is hot-pluggable and can be used in a flexible manner.  Test clusters of Macs (for Retzel’s effort in the 
CCGB) and PCs (for the LCSE effort) were also purchased, with the PCs attached to the LCSE PowerWall display.  A 
Dell Gigabit Ethernet switching fabric was also installed interconnecting the LCSE machines with those in the ADCS 
student lab.  Software was developed to automate management of disk files over these resources, accepting batch 
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requests for large sets of file moves that can execute late 
at night, when the ADCS PCs become available, without 
user interaction.  Software for servicing large batch 
requests for automated movie generation on the ADCS 
PCs was also developed to exploit this special resource, 
which is generally unavailable during business hours. 

Working together with the University’s ADCS 
organization, and exploiting an ongoing relationship 
with Seagate to obtain special disk pricing,  we used 
funds from this NSF project to double the memories of 
the 32 new Macs and 67 new Dell PCs in the ADCS lab 
to 2 GB and to purchase 400 GB 7200 rpm SATA disks 
from Seagate to install in the 67 PCs.  Using the LCSE disk file management software, these disks provide an 
additional 26.8 TB of storage space.  We have targeted the 32 dual 2.7 GHz G5 CPU Macs for use by Retzel’s team for 
their bioinformatics applications and the 67 PCs, with single 3.8 GHz Pentium-4 CPUs, for fluid dynamical 
applications of the other project team members.  The 250 GB SATA disks of the Macs provide enough space to create 
separate partitions for the student use and the bioinformatics use when the machines would otherwise be idle.  The 
new ADCS cluster has roughly double the capability of the older one, and the 2 GB machine memories allow us to 
exploit this power for computation. 

LCSE PowerWall Display: 

The first LCSE PowerWall display and visualization system was built with support from the Army High 
Performance Computing Research Center (AHPCRC) at the University of Minnesota in collaboration with Silicon 
Graphics, Seagate, Ciprico, NPI, and Ampex as a prototype for demonstration in the SGI exhibit booth at 
Supercomputing 1994 in Washington, D. C.  In 1995, an NSF MRI grant and an NSF MetaCenter Regional Alliance 
grant funded the construction in the LCSE of a second-generation system in which a single, more powerful SGI Onyx 
machine was able to drive all 4 image panels of the system, with 1600×1200 pixel resolution each.  A few years later, 
support from the NSF PACI program through NCSA together with a DoE ASCI grant through the Lawrence 
Livermore Laboratory and a generous equipment loan from SGI/Cray allowed us to build a third generation 
PowerWall with 10 image panels of 1280×1024 pixels each driven by a cluster of SGI VisPCs or alternatively driven by 
2 Onyx machines.  This system was installed in the PowerWall room in the University of Minnesota’s Digital 
Technology Center in 2001.  It is shown in the image above, with David Porter and Paul Woodward in the 
foreground.  Development for this system is on-going, but has been focused in recent years on the problem of 
convenient and rapid content generation (movies and images) and the associated management of many terabytes of 
data consisting of hundreds of thousands of individual files.  The image generation has been done from disk and on 
parallel systems since the outset in 1994, but the numbers of disks, of network nodes, and of rendering engines has 
steadily increased.  In 2005/2006 we hope to achieve the goal of interactive rendering from our largest data sets at full 
PowerWall resolution.  This step will take us from the realm of visualization for data presentation to that of 
visualization for data exploration. 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


