 The awards are summarized below with links to their web-pages.

RoboBees: A convergence of body, brain, and colony
Lead PI/Institution: Robert Wood, Harvard University
This project entails the creation of a coordinated colony of robotic bees, RoboBees.  Research topics are split between the ‘body’, ‘brain’, and ‘colony’.  Topics within the ‘body’ include all aspects of the flight apparatus, propulsion, and power systems.  The ‘brain’ involves research on the electronic nervous system equivalent of a bee’s brain including circuits for sensing and decision-making. Finally, research within the ‘colony’ entails communication and control algorithms that will enable performance well beyond the capabilities of an individual.  Each of these research areas is drawn together by the challenges of recreating various functionalities of natural bees.  One such example is pollination: Bees coordinate to interact with complex natural systems by using a diversity of sensors, a hierarchy of task delegation, unique communication, and an effective flapping-wing propulsion system. Pollination and other agricultural tasks will serve as challenge thrusts throughout the life of this project.  Such tasks require expertise across a broad spectrum of scientific topics. The research team includes experts in biology, computer science, electrical and mechanical engineering, and materials science, assembled to address fundamental challenges in developing RoboBees.

Beyond pollination and assisted agriculture, coordinated robotic insects will have substantial impact upon rescue workers for search and rescue and hazardous environment exploration applications.  High fidelity environmental monitoring, traffic monitoring, and mobile sensor networks are just a few examples of the future impact of coordinated RoboBees. Since each RoboBee component must be developed from scratch, technological fallout will be prevalent throughout research on the body, brain, and colony.  This new technology and the exciting and tangible nature of robotic bees present a tremendous opportunity to catalyze young minds and encourage their participation in science and engineering. An integral part of this program is the development of a museum exhibit, in partnership with the Museum of Science, Boston, which will explore the life of a bee and the technologies required to create RoboBees. 

​

Customizable Domain-Specific Computing
Lead PI/Institution: Jason Cong, University of California Los Angeles
To meet ever-increasing computing needs and overcome power density limitations, the computing industry has entered the era of parallelization, with tens to hundreds of computing cores integrated into a single processor; and hundreds to thousands of computing servers connected in warehouse-scale data centers. However, such highly parallel, general-purpose computing systems still face serious challenges in terms of performance, energy, heat dissipation, space, and cost. This Expeditions looks beyond parallelization and focuses on domain-specific customization as the next disruptive technology to bring orders-of-magnitude power-performance efficiency improvement to important application domains. 

The project will develop a general methodology for creating novel customizable architecture platforms and the associated compilation tools and runtime management environment to support domain-specific computing to: 1) achieve orders-of-magnitude computing efficiency improvement for applications in a specific domain; and 2) demonstrate that such improvement can be obtained with little or no impact on design productivity, so that it can be deployed in a wide range of application domains. The proposed domain-specific customizable computing platform includes: 1) a wide range of customizable computing elements, from heterogeneous fixed cores to coarse-grain customizable cores, and to fine-grain field-programmable circuit fabrics; 2) customizable high-performance radio frequency interconnects; 3) highly automated compilation tools and runtime management software systems for application development; and 4) a general, reusable methodology for customizable computing applicable across different domains. By combining these critical capabilities, it will deliver a supercomputer-in-a-box that is customized to a particular application domain to enable disruptive innovations in that domain. 
The proposed approaches will be demonstrated in several important application domains in healthcare. The project proposes integration of research and education, exposing graduate, undergraduate, and high school students to the new concepts and research. Summer research fellowship programs to support high school and undergraduate students will be provided. The goal is to train a new generation of students who are prepared for customized parallelization and computing, and can effectively apply such techniques to many areas of our society, thus furthering the digital revolution. Special efforts are being made to attract underrepresented students at all levels via partnerships with campus organizations focused on diversity, such as the UCLA Center for Excellence in Engineering and Diversity.
The research will be carried out as a collaborative effort between four universities: UCLA (the lead institution), Rice, UC Santa Barbara, and Ohio State. The research team consists of a group of highly accomplished researchers with diversified backgrounds, including computer science and engineering, electrical engineering, medicine, and applied mathematics. 

Formal Analysis of Complex Systems
Lead PI/Institution: Edmund Clarke, Carnegie Mellon University
This Expedition will develop new computational tools to help scientists and engineers analyze and understand the behavior of the complex models they develop for application domains ranging from systems biology to embedded control.  Building on the success of model checking and abstract interpretation (MCAI), two well-established methods for automatically verifying properties of digital circuit designs and embedded software, this research project will extend the MCAI paradigm to systems with complex continuous dynamics and probabilistic behaviors. Challenge problems providing technology drivers and testbeds for the research include: understanding the precursors and course of pancreatic cancer; predicting the onset of atrial fibrillation; and obtaining deep design-time insights into the behavior of automotive and aerospace control systems. Ultimately, this Expedition is expected to provide vital tools that will enable health-care researchers to discover better treatments for disease and will allow engineers to build safer aircraft and other complex systems.

The world-class team of scientists and engineers assembled for this Expedition includes two Turing Award winners, a recipient of the National Medal of Science, and awardees of other prestigious research prizes. Outreach consists of the development of a new, highly ambitious and highly cross-discipline educational program called Complex Systems Science Engineering, an annual Minority-Focused Intersession Workshop for Undergraduates on Understanding and Analyzing Complex Embedded and Biological Systems to be hosted at member institution Lehman College, CUNY; substantial financial support for undergraduate research; student involvement in the NASA JPL Research Affiliates Program; and other research opportunities for undergraduate and graduate students and postdoctoral trainees.

