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In 2002, the NSF established the Network for Computational Nanotechnology (NCN) with a mission to connect 
users in research, education, design, and manufacturing by creating a national resource for theory, modeling, and 
simulation in nanotechnology.  Users access this cyberinfrastructure from the nanoHUB.org web site. In 2009, 
nanoHUB.org served 274,000 visitors from 172 countries worldwide.  Of these, a core audience of more than 
100,000 users watched seminars, downloaded podcasts and other educational materials, and accessed more than 160 
nanotechnology simulation tools.  While accessing the tools, users launched a total of 369,000 simulation runs via 
their web browser and spent 7,286 days interacting with tools and plotting results. 

This activity is powered by a unique middleware that helps connect the dots between a scientific code and an end 
user.  Code developers create a project area on nanoHUB.org, upload their code, build it, test it, and publish the final 
result as a tool that others can run.  End users find the tool, press a button to launch an interactive session, and then 
interact with a graphical user interface (GUI) to set input parameters, run jobs, and visualize results.  The GUI is 
generated automatically from an XML description of program inputs and outputs by a toolkit called Rappture, the 
Rapid Application Infrastructure.  Rappture has an application programming interface (API) that can handle codes 
written in C/C++, Fortran, MATLAB, Python, among other languages, and has been used by hundreds of developers 
to create a few hundred tools published on nanoHUB.org and elsewhere. 

This SDCI project has extended the Rappture Toolkit to support parameter sweeps and optimizations.  In the past, 
users have run multiple simulations by entering parameters, pressing the Simulate button, changing parameters, 
pressing Simulate again, and so forth.  Rappture overlays results and lets you explore the effects of input parameters, 
but launching all of the simulations has been rather tedious.  As part of this project, we have redesigned the 
Rappture GUI so that users can enter multiple values or parameter sweeps for all types of inputs.  After entering a 
combination of multi-valued inputs, the user presses the Simulate button and launches hundreds or even thousands 
of jobs with a single click.  Rappture manages job submission, monitors progress, and loads the results for 
visualization and post-processing. 

This project has also extracted the web infrastructure and underlying middleware within nanoHUB.org to create a 
package called HUBzero™, which can be used to create similar sites for many different scientific communities.  
HUBzero now powers 20 web sites in various stages of production, including pharmaHUB.org (pharmaceutical 
engineering), thermalHUB.org (heat transfer), cceHUB.org (cancer care), globalHUB.org (engineering education), 
and memsHUB.org (microelectromechanical systems).  Together with nanoHUB.org, these sites serve more than 
380,000 visitors each year.  HUBzero will be released to the world as open source during a workshop on April 13-
14, 2010, in Indianapolis, Indiana (http://hubzero.org/hubbub2010). 

 

Figure 1 – The new Rappture GUI supports multi-valued inputs, so that users can launch thousands of runs 
with the click of a button.  This new capability will automatically appear in more than 200 existing tools on 
nanoHUB.org and 20 other hubs built on the HUBzero platform. 


