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Introduction

The NSF workshop on Cyberinfrastructure for Engineering Research and Education, held on June 6, 2003, was intended to provide preliminary input to the Directorate for Engineering in considering how to best make investments in the creation and use of new cyberinfrastructure capabilities to support engineering research and education over the next decade. 

At our meeting, some consideration was given to defining cyberinfrastructure. Although the technical details of the definition remain open to debate, it is clear that the foundation of this infrastructure will include computing resources at every scale, from handheld devices to supercomputers, and that these devices will be interconnected by a blend of wireless and wired networks of increasing bandwidth. 

A principal use of the cyberinfrastructure will be as a next-generation communications medium facilitating synchronous and asynchronous collaboration among geographically distributed engineers and scientists. The study of how humans can best use these emerging resources to work effectively together can be broadly defined as Human Computer Interaction, HCI. Continuing technical developments supporting HCI include: 

· exponentially growing high performance computing capacity, enabling new computational solutions for currently intractable problems, and faster, even interactive solutions for currently tractable problems; 

· exponentially decreasing costs of storage coupled with the self-organizing power of indexing and search technology, enabling engineers to work with ever larger datasets and to collaborate more efficiently 

· exponentially increasing wireless bandwidth, enabling collaboration between engineers that are always connected to their data and applications; 

· the increasing ability to create real time interactions between people and machines mediated by ever more realistic and expressive graphic display, haptic display, speech synthesis and voice recognition

Cyberinfrastructure and the Engineering Directorate

The National Science Foundation promotes the progress of engineering in the United States in order to enable the Nation's capacity to perform [http://www.nsf.gov/home/eng/]. Enhancing the cyberinfrastructure to promote seamless communication between people and computers falls squarely within this mission. This challenge is central to the Engineering Directorate’s call for engineers to build and strengthen a national capacity for innovation that will lead over time to the creation of new shared wealth and a better quality of life.

Engineering applications, particularly those that involve distributed resources and participants, should be a key driver of the evolution of the cyberinfrastructure. The value added of the Engineering Directorate should be to support research which helps chart the course for the development of the cyberinfrastructure through innovative applications that push the boundaries of the infrastructure. The compelling added value of this research should be that it 1) leads directly to the creation of new shared wealth and a better quality of life, 2) defines the practical requirements for the future development of cyberinfrastructure to better enable additional applications, and 3) trains students who will transfer the applications technology to the private sector. 

Initial Conditions

The potential of the infrastructure is breathtaking. We expect to continue to benefit from exponentially increasing computing power, enabling engineers and scientists to attack increasingly large problems in traditional high performance time increments, of hours or days, for example. The challenge for the Engineering Directorate is to take advantage of the rapidly evolving cyberinfrastructure to enable new applications through increased access to large scale computing, and also to show that there are new and important applications now amenable to real time solution.

Consider, for example, multiobjective optimization based on increasingly complex distributed models. The development and use of models of this kind will benefit from the ability to use geographically dispersed computing power to smoothly scale up and down computing resources as needed.

Consider also real time applications. This will require a new viewpoint.  In addition to asking – “How do we use my unprecedented access to distributed computing power to do larger and larger problems in only a matter of hours or days?”, let’s also ask – “How can access to all levels of distributed computing power enable real time or near-real-time interactions with very complex simulations and data?”  

I believe real time applications will be very important. In short, the Engineering Directorate is in a commanding position to develop the potential to meet new challenges by using the cyberinfrastructure to couple human intuition and pattern recognition skills with heretofore unprecedented amounts of computing power.  
Tactics

Consider the power of challenging the core constituency of the Engineering Directorate with RFPs that call for the solution of important but currently intractable problems. These problems would be distinguished by the fact that they cannot be solved without innovative use of the cyberinfrastructure. Successful proposals would call for innovations including the use of increasingly powerful distributed computing resources, collaboration across distance and time, and human intelligence amplification through real time interactions with simulations and data. Favorable consideration would be given to proposals calling for both multidisciplinary collaboration between domain experts and cooperation with computer scientists who support the successful use (and evolution) of cyberinfrastructure. Favorable consideration would also be given to the development of Open Source Software that would in turn enable additional applications.

Summary

Cyberinfrastructure includes all levels of computing, from handheld devices to supercomputing machines, and the networking and software to enable them to work together.

This is an ideal time for the Engineering Directorate to issue RFPs that call for meeting important but currently intractable technical challenges that cannot be solved without innovative use of the cyberinfrastructure. The compelling added value of this research should be that it 1) leads directly to the creation of new shared wealth and a better quality of life, 2) defines the practical requirements for the future development of cyberinfrastructure to better enable additional applications, and 3) trains students who will transfer the applications technology to the private sector. 
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