Open Programmable Mobile Internet 2020
We are rapidly moving into a new age of widely-deployed, inexpensive, Internet-enabled mobile computing and communication devices. This has the potential to give rise to a whole new generation of services, applications, and modes of behavior to benefit society based on openness in ubiquitous wireless and mobile computing. But this requires re-thinking the computing and communication infrastructure--from the servers in the computing cloud, to the desktop, to the individual handheld devices, to the network that interconnects them all. This Expedition aims to promote innovation and competition by breaking down barriers and constructing bridges for enabling the creation of a truly programmable and open mobile internet (POMI). Expanding on the ubiquitous computing model in which users have unencumbered access to distributed computational and storage resources, this timely experimental systems Expedition will create a virtual data system to enable users to take ownership of their data; a three-tiered computational infrastructure to ease the entry of new Web services; an open network to promote network innovation and make wireless capacity available across heterogeneous and abundant radio networks within a vicinity; and open-source software to promote existing efforts in opening the cell phone and other such handhelds. An at-scale prototype system of infrastructure, devices and applications will be deployed across the Stanford campus--perhaps the most comprehensive experimental deployment of mobile technology for research ever performed by a university. Outreach includes the development and distribution of POMI kits to students at small and underrepresented universities, K-12 schools, and undergraduates at Stanford to engage in creative and inspired discovery through mobile-based education and exploration.
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The Molecular Programming Project
There is great potential for adapting biopolymer molecules such as RNA and DNA to meaningful computational tasks and purposes. Having the ability to program molecules at many orders of magnitude larger scale than at present using new algorithms and software analogues has the potential to change the way we analyze, understand and manipulate molecular systems. It can lead to practical applications of significant benefit to society across a wide range of national initiatives in materials, nano-biotechnology, tissue engineering, regenerative medicine, and many other emerging areas. This ambitious Expedition addresses the exciting challenge of developing initial foundational steps toward creating large-scale molecular programs. This experimental technology Expedition aims to develop a functional abstraction hierarchy to create molecular programming languages, compilers, tools and models; a theoretical framework for the analysis and design of molecular programs; validation of the above utilizing molecular programs with orders of magnitude higher scale of components than at present; and testing of the developed molecular programming technologies on real-world applications. This high-risk/high-payoff research will increase our understanding of the relationship between computation and the physical world, how information can be stored and processed by molecules, and the possibilities and limits of what can be computed and fabricated. Outreach includes summer undergraduate and minority student research fellowships, K-12 visiting days, boot camps, workshops and many other efforts to create a broader molecular programming research community.
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Understanding, Coping with and Benefiting from IntractibilityCollaborative Research
Computational intractability imposes a limit on the ability to understand nature and design systems. Intractability is a stumbling block for postmen, travelling salesmen, map colorers and millions of others who would like to complete their tasks as efficiently as possible, yet it is the foundation of 21st century cryptography, which in turn is a pillar of electronic commerce. In order to understand, manage and exploit intractability it is imperative that progress be made on proving intractability in many forms and computational models, and on unraveling the interconnections among different forms and uses of intractability. This Expedition will explore an array of diverse but interrelated topics in computational intractability including algorithms, complexity, cryptography, analysis, geometry, combinatorics and quantum mechanics. A "Center for Intractability," the first of its kind, will be based at Princeton. Addressing some of the deepest and hardest theoretical problems standing in the way of significant advancements in computer science, this Expedition involves a high degree of collegial interactivity through collaborations among geographically local participating institutions. Outreach includes an active "Women in Theory" program as well as programs targeting undergraduate and high-school students.
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Computational Sustainability: Computational Methods for a Sustainable Environment, Economy and Society
Balancing environmental, economic and societal needs for a sustainable future encompasses problems of unprecedented size and complexity. With naturally occuring settings, global scale, dynamic and uncertain behavior, mixture of discrete and continuous effects, and highly interactive components, problems associated with sustaining the earth's resources can greatly benefit from computational methods and thinking. There is a key role to be played by computing and information sciences in increasing the efficiency and effectiveness in the way humanity manages and allocates natural resources. Toward that objective, this Expedition aims to establish and nurture a new field of study--Computational Sustainability--driven by a wide range of hard computational problems and critical challenges in the area of sustainability. This applied theoretical Expedition will pursue interdisciplinary research across three computational sustainability themes: conservation and biodiversity; balancing socio-economic demands and the environment; and renewable energy. With the view that natural problems may have a special structure discoverable by machine learning techniques that allows them to be solved even though they are NP-hard, this research attempts to stimulating new research synergies that cross boundaries and merge ideas from combinatorial optimization, dynamical systems, machine learning and constraint reasoning. An "Institute for Computational Sustainability" will be based at Cornell to serve as the nexus of foundational science advancements and practical applications in sustainability. Part of its mission and outreach is to establish a vibrant and diverse research community in the area of computational sustainability, drawing new students into the field from all backgrounds including students from underrepresented groups via summer research experiences and other such proactive activities.
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Related Websites
The Expeditions solicitation is available at: http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503169&org=CISE
More information about the Expedition based at CalTech is available here: http://www.dna.caltech.edu/MPP/Docs/MPP_RSV_2008_public.ppt
More information about the Expedition based at Cornell is available here: http://www.cs.cornell.edu/gomes/computational-sustainability/
More information about the Expedition based at Stanford is available here: http://cleanslate.stanford.edu/pomi2020/
More information about the Expedition based at Princeton, Rutgers, NYU and Institute for Advanced Studies is available here: http://www.cs.rutgers.edu/~allender/draft.html
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