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Thesis Statement

Effective exploration of scientific data requires a combination 
of novel software and frameworks that provide users with 
different goals and levels of expertise the ability to create, 
modify and share their own analysis and visualization 
workflows and tools
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Motivation
• Data exploration through visualization has become very important 

for scientific research

• Challenges faced by computational scientists

- Most of them are not familiar with advanced visualization 
techniques and tools 

- The printed medium is not adequate for reporting complex 
computation results

- Collaboration among large interdisciplinary groups

• Example in Astrophysics
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The routine of an Astrophysicist
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Complexity of 
Data Analysis and Visualization Tools
• In general, they are too complicated for scientists
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The routine of an Astrophysicist
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Limitations of hardcopy documents
• Limited space

• Represent a snapshot of a given problem and solution

• Format doesn’t allow for transmission of supporting files such as 
accompanying images, source code, or demonstrations of work to 
interested readers

- “It’s impossible to verify most of the results that computational 
scientists present at conference and in papers.” [Donoho et al., 
2009]

- “Scientific and mathematical journals are filled with pretty pictures 
of computational experiments that the reader has no hope of 
repeating.” [LeVeque, 2009]
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The routine of an Astrophysicist
Sharing Analysis and Collaborating
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Web

• Users have to go over 
many (complicated) 
steps to reproduce 
figures:
- install software
- download extra 

libraries
- download example 

files
- learn how to use the 

software

http://www.phys.lsu.edu/~tohline/vistrails/
http://www.phys.lsu.edu/~tohline/vistrails/
http://www.phys.lsu.edu/~tohline/vistrails/
http://www.phys.lsu.edu/~tohline/vistrails/
http://www.phys.lsu.edu/~tohline/vistrails/


Sharing Analysis
• Visualizations are hard to share and reuse

- Powerpoint files, screenshots, videos

- File dependencies

- Tools that are general and complex

- Often code is not multi-platform

• Visualization portals (such as Many Eyes)

- Limited to a set of predefined visualizations

- Do not support private data
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Thesis Statement (Recap)

Effective exploration of scientific data requires a combination 
of novel software and frameworks that provide users with 
different goals and levels of expertise the ability to create, 
modify and share their own analysis and visualization 
workflows and tools

13



Outline
• Motivation

- Scientific Research Scenario

- Thesis Statement

• Framework

- VisMashup

- CrowdLabs

- Provenance Rich Publications

• Demonstration

• Summary and Conclusions

• Future Work
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Context and Requirements
• Provenance

• Multiple libraries

• Access to High-Performance Computing Resources

• Different communities want their customized GUI

• Test results using an ordinary Web browser

• Control who can access the information

• The tools for sharing and publishing results need to be integrated 
with the tools the scientists already use
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VisMashup
• Create and modify 

visualization 
applications 
more easily
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(joint work with Lauro Lins, Juliana Freire, James Ahrens and Cláudio Silva, Vis 2009)



Other approaches
Helping to create visualizations
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SmartLink: Telea & van Wijk, VisSym 1999

Detailed knowledge of the 
underlying computational 

components is still necessary
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Other approaches
Helping to create visualizations with custom apps
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www.avs.com

BioFEM: a SCIRun PowerApp

Applications are costly to develop, 
manually crafted for a given pipeline

http://www.avs.com
http://www.avs.com


Other approaches
Reduced functionality interfaces
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Multi-layerered interfaces: Shneiderman, 2003

Training Wheels: Carroll & Carrithers, 1984



VisMashup
• Simplifies the creation, maintenance, deployment and use of 

customized visualization applications (mashups)

• Uses dataflows as the underlying model

• Keeps detailed provenance information of the application 
development process and use
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VisMashup
• Deploy visualization applications

on different configurations
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Supporting social analysis and visualization of data
• Tableau Public

- Limited set of 
visualizations

- Visualizations are 
built using Tableau 
and saved on server 

- Public data only

- Processing on 
server side

28

http://www.tableausoftware.com/public/

http://www.tableausoftware.com/public/
http://www.tableausoftware.com/public/


Supporting social analysis and visualization of data
• Many Eyes

- Limited set of 
visualizations

- Limited data size

- Visualizations are 
built online 

- Public data only

- Processing on client 
side
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Viégas et. al, InfoVis 2007



Supporting social analysis and workflows
• myExperiment

- supports workflow 
versions

- focus on 
bioinformatics-related 
Web services

30

De Roure et. al, 2009



Online compute-intensive simulation
• nanoHub.org

- Access to HPC 
resources (grid, 
cloud)

- process on server 
side (using virtual 
machines)

- visualization support 
through VNC

- tools compiled on a 
cluster node 
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Klimeck et. al, CiSE 10(5), 2008
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crowdlabs.org

• Facilitates collaboration 
and sharing among 
scientists and 
visualization experts 

• Adopts Social Web 
Sites Model

• Integrates a set of 
usable tools and a 
scalable infrastructure

• Leverages provenance 
information

(joint work with Phillip Mates, Juliana Freire and Cláudio Silva)
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CrowdLabs System Configuration

Provenance is made accessible through the Web site and an API
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CrowdLabs System Configuration

Multiple configurations are possible, depending on available hardware
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CrowdLabs System Configuration

Users can connect results published in an article or wiki page to the 
pipelines and data served by CrowdLabs
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Other Approaches
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Schwab et al., 2000[Bucheit and Donoho, 1995] Leisch, 2002

[Gentleman and Lang, 2004]



Provenance-Rich Publications
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http://crowdlabs.blogspot.com/2010/03/cmop-forecast.html
http://crowdlabs.blogspot.com/2010/03/cmop-forecast.html


Provenance-Rich Publications
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Scientist
(joint work with Huy Vo, Juliana Freire and 
Cláudio Silva)



The routine of an Astrophysicist
Provenance-Rich Documents
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(joint work with Joel Tohline, CiSE 12(3), 2010)

http://www.vistrails.org/index.php/User:Tohline/CPM/Levels2and3
http://www.vistrails.org/index.php/User:Tohline/CPM/Levels2and3
http://www.vistrails.org/index.php/User:Tohline/CPM/Levels2and3


Demonstration

Crowdlabs
Provenance-Rich Document
VisMashup



Our users
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Summary and Conclusions
• This is a new framework for simplifying the creation and deployment 

of collaborative data analysis and visualization tools

• VisMashup:

- Simplifies the creation of custom visualization applications

- Developers can quickly assemble custom applications, leveraging 
an existing collection of visualization pipelines and their 
provenance

- Generated apps are flexible and simple enough for end-users

• CrowdLabs:

- Facilitates collaboration and sharing among scientists and 
visualization experts

- Scientists can create and publish new data products with minimal 
intervention of expert programmers and IT personnel
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Summary and Conclusions
• Provenance-Rich Publications

- Users can create documents whose digital artifacts (e.g., figures) 
include a deep caption: detailed provenance information which 
contains the specification of the computational process (or 
workflow) and associated parameters used to produce the artifact

- Supports the publication on wikis, other Web sites, or scientific 
documents
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Future Work
• Evaluate effectiveness and usability of VisMashup and CrowdLabs

• Use the provenance captured by VisMashup to improve GUI generation

• Use distributed model for workflow execution that depends on the client 
configuration (for portable devices)

• Advanced Provenance Analytics

- Workflow search engine

- Recommendations based on the types of file the user wants to 
visualize

- The ability to connect people based on the types of workflows they are 
interested in, etc.

• Improve Web-enabled interfaces and graphics (with 3D support)

• Add streaming and multi-resolution techniques for supporting remote 
data
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