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Distributed Visualization

• Modules run on different 
machines.

• Distributed resources used 
in order to visualize large 
and computationally 
intensive datasets.

• Only the computation for 
the visuals is performed on 
distributed resources.
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Collaborative Visualization

• Multiple human participants
• Joint interpretations of visualized data
• However, may still refer to a single 

view system with multiple people 
looking “over each other’s shoulders”
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Distributed Collaborative Visualization (DCV)

• Collaboration performed both at the 
system and human levels

• Sharing of resources and data from 
remote locations

• Common virtual environment
• Grid friendly!
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Requirements

• Networking 
– TCP and UDP

• Real-time Distributed Database
– On top of network

• Data Consistency
– Function of Real-time Distributed Database

• Scalability
– Depends of Real-time Distributed Database

• Security
• Portability 
• Graphics performance

– OpenSceneGraph API
• Interaction performance

– Tradeoff between consistency and interaction performance
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Architecture
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Data Consistency

• Central record locking mechanism.
• Performed by a third tier: the bootstrap
• Consistency guarantees

– Performance tradeoff
• A client needs to wait for permissions before 

changing the data
• Decouple consistency from data distribution
• The boostrap is a central, lightweight and 

fast protocol based on UDP
• Scalable design
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Failure Management

• Network-aware application layer
– Connection, dropout, and error (lost, corrupt packet) notification.

• Client disconnection
– Wait for reconnection
– Exit at user’s will

• Server disconnection
– Bootstrap re-assigns a new server for the lost server’s clients.
– If no others servers available, the clients will halt all operations 

until the server is reconnected, or exit at user’s will.
• Bootstrap disconnection

– Predetermined server will re-spawn bootstrap from backup data.
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Load Balancing

• One server can only serve so many clients
• More servers needed for extra clients
• Servers form a data backbone
• Bootstrap assigns servers to the clients 

dynamically based on system load statistics

Center for Computational Research     CCR



The State University of  New York
University at Buffalo

Security

• Based on a certificate or proxy from a known and 
trusted Certificate Authority (CA) that can be verified 
by the bootstrap. 

• Maintain a mapping of certificates to a list of valid IP 
addresses to block intruders with stolen or hijacked 
certificates.
– Detect spoofing via the routing trace.
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Graphics Performance
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Video Performance Benchmarks 
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Interaction performance 
 

Bootstrap Request Round Trip Time (Cable 5 Mb/s)
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Shake-and-Bake (SnB)

• Shake-and-Bake [Miller et al. 1994] is a state-of-the-art 
program for molecular crystal structure determination from X-
ray crystallographic data.  

• The SnB package:
– Distributed to more than 500 laboratories worldwide.
– Released in the mid-1990s.

• primitive visualization.
• Advances in Grid Computing:

– the SnB package no longer bound to one physical location.
– Jobs queued/executed from anywhere in the world. 
– Need to monitor intermediate distributed results. 
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SNBVIS: Shake-and-Bake Visualizer
• Visualization of protein structures
• Integrate multiple data sources, such as SnB instances running on 

the Grid
• Monitor progress of structures
• Discuss, annotate, and edit structures as a team
• Used by chemists and the crystal determination community

•Edit structures determined by the SnB package:

Select atom for 
deletion

Atom deleted Undelete atom Atom undeleted Select atoms 
to bond

Atoms bonded

•Calculate structural properties:

Distances Angles Torsion angles

•Future: 

Molecular Docking Electron Density 
Fitting
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Grid MACE: Grid Monitoring and 
Administration Collaborative Environment

Distributed Grid Resources

ACDC Grid Monitoring Infrastructure

Monitoring Data Storage Web Server 

• Visualization of high volume, real-time 
Grid monitoring data

• Aid to administrators and users of the Grid
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Summary:

• Enable distributed collaboration at both the system and user level via a three 
tier software architecture developed at CCR (Center for Computational 
Research http://www.ccr.buffalo.edu)

• Enable visualization and interaction with data across a geographically 
disparate network topology

• Integrate multiple data sources: 
• Scientific
• Multimedia 
• Real-time

• Research and Development:
• Real-time distributed 

databases
• OpenGL 3D programming 
• 3D Modeling
• Character animation
• User interaction
• Virtual Reality (CAVE VR)
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Bootstrap ServerClient

Database Commands/
Data

Consistency SecurityDatabase Client Database Server

Key Generation/
Lease/Return 

Request

 Authentication, 
Authorization,

Server Assignment/
Request

 Authorization, 
Key Lease/Return, 
Server Request/

Response, 
Server Assignment

Data Data

 Authentication, 
Authorization, 

Key Lease/Return
Response

Server List Update

Data

OpenSceneGraphApplication

Database

Network

Observer/Visitor 

Link

osgVRPNMouse & Keyboard

VRPN Server 1Peripherals

osgGA

VRPN Server 2 VRPN Server n

VRPN Device 1
VR Tracker

VRPN Device 1
Joystick

VRPN Device n
Spaceball

Web Portal

Administration

Data

Query/Result (Environment Data)

Data Grid/
WWW

Data to/from other servers

Data Listing



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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
  /SyntheticBoldness 1.00
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /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 false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


