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Research Swarm engineering, modular robotics, biologically-inspired engineering, theory of 
Interests evolution, morphogenesis, programmed self-assembly, machine learning, amorphous 

computing, robust distributed systems. 
 
Education Massachusetts Institute of Technology Cambridge, MA 

Ph.D., Computer Science, June 9, 2006 
Minor:  Brain & Cognitive Sciences 

 

 Massachusetts Institute of Technology Cambridge, MA 
  S.M., Electrical Engineering and Computer Science, September 19, 2001 

GPA 5.0/5.0 
Thesis:  Neural Network Models for Zebra Finch Song Production and Reinforcement 

Learning 
 

Princeton University Princeton, NJ 
A.B., Physics, June 1, 1999 
Minors:  Biophysics, Engineering Physics, Applications of Computing, Applied & 

Computational Mathematics 
GPA 3.97/4.0; departmental GPA 3.97/4.0 
Phi Beta Kappa; cum laude 
Thesis:  Topology and Dimensionality in Neural Network Memories 

 
Dissertation Anthills Built to Order: Automating Construction with Artificial Swarms 

Advisors:  Radhika Nagpal, H. Sebastian Seung (See abstract attached) 

Developed distributed algorithms for a swarm of mobile robots to automatically build user-
specified structures from square building blocks.  Introduced Òextended stigmergyÓ 
framework for improving system performance.  Characterized algorithmic correctness and 
performance, analytically and via simulation experiments.  Designed and built hardware 
prototype.  Extended framework to three dimensions and underspecified structures. 

 
Appointments New England Complex Systems Institute Cambridge, MA 

Postdoctoral Fellow, September 2007Ðpresent 

Harvard Medical School/ChildrenÕs Hospital Boston Boston, MA 
Research Fellow, September 2007Ðpresent 

Harvard University, Electrical Engineering & Computer Science Cambridge, MA 
Postdoctoral Fellow, July 2006ÐAugust 2007 

Massachusetts Institute of Technology Cambridge, MA 
Computer Science & Artificial Intelligence Laboratory 
Research Aff iliate, June 2006Ðpresent 
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Research New England Complex Systems Institute Cambridge, MA 
Experience Harvard Medical School/Children’s Hospital Boston Boston, MA 

Evolution of altruism, September 2007ÐpresentÑ Developed and analyzed simulation 
models demonstrating evolutionary advantages of suicide, territoriality, and programmed 
cell death.  With Yaneer Bar-Yam, Donald Ingber. 
 

Tumor growth modeling, September 2007ÐpresentÑ Developed model of proliferating cells 
in which dysfunction in regulation of division and apoptosis, incurred in repeated episodes 
of wound healing, results in tumor formation.  With Yaneer Bar-Yam, Donald Ingber. 
 
Harvard University Cambridge, MA 
Swarm construction, July 2006ÐAugust 2007Ñ Extended analysis of distributed three-
dimensional construction, mathematically and via simulation.  Helped oversee realization of 
a 2D Lego MindstormsÐbased hardware implementation.  Investigated extensions to 
adaptive and dynamic structures.  With Radhika Nagpal. 

 
Massachusetts Institute of Technology Cambridge, MA 
Swarm construction, September 2002ÐJune 2006Ñ Developed multiple approaches to 
programming swarms of mobile robots to build desired structures from square building 
blocks, with the only input being a high-level user-specified design.  These algorithms are 
robust to loss or addition of robots and to variation in the order and timing of actions.  
Created hardware prototype.  With Radhika Nagpal, Yaneer Bar-Yam, Daniela Rus. 

 

Reinforcement learning in artificial neural networks, January 2001ÐOctober 2004Ñ
Analyzed biologically plausible online training methods for networks of linear and nonlinear 
units.  Calculated learning curves for several stochastic gradient-following approaches, as 
well as a direct gradient method, and compared their optimal performance.  Characterized 
performance in the presence of noise.  With Sebastian Seung. 

 

Brain-computer interfaces, March 2001ÐMay 2003Ñ Constructed apparatus for 
electroencephalographic recording environment and presentation of visual and auditory 
stimuli.  Prepared and tested human subjects.  Analyzed recordings using multitaper spectral 
analysis, exploiting high-frequency (gamma-band) activity associated with attentional and 
intentional states.  Placed fi rst in international Ò2003 BCI CompetitionÓ on first dataset.  
With Brett Mensh, Sebastian Seung. 

 

Natural modes in evolution, October 2001ÐMay 2002Ñ Explored the appearance of 
regularities in simulated evolutionary systems, in hopes of extending a formalization of 
natural selection.  With Whitman Richards. 

 

Evolution-based computing, MayÐJune 2002Ñ Implemented (in simulation) a universal 
computer by constructing logic gates based on coevolving populations. 
 
New England Complex Systems Institute Cambridge, MA 
Evolution of altruism, April 2002ÐJune 2004Ñ Developed and analyzed simulation models 
demonstrating plausible mechanisms for the evolutionary origins of altruism and social 
communication.  Predator-type agents robustly evolve to exhibit reproductive restraint in 
response to a signal linked to crowding.  These models directly bear on the longstanding 
controversy about group selection in evolution, and show how the key transition from 
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solitary living to sociality can occur.  With Yaneer Bar-Yam. 
 
Bell Laboratories Murray Hill, NJ 
Zebra finch song production, JuneÐJuly 2000Ñ Modeled experimentally observed neural 
behavior in zebra finch motor nucleus RA, using an integrate-and-fi re model to compare 
several candidate architectures.  With Michale Fee, Sebastian Seung. 
 
Princeton University Princeton, NJ 
Imposing topology on Hopfield networks, September 1998ÐMay 1999Ñ Investigated effects 
of locally limiting connections between units in Hopfield nets in different dimensions.  With 
John Hopfield. 

 

Population biology, FebruaryÐMay 1998Ñ Analyzed dynamics and equilibria of evolution 
on fitness landscapes.  With Curtis Callan. 

 

Spin glass modeling, SeptemberÐDecember 1997Ñ Constructed simulation of Ising model 
and investigated distribution of avalanche sizes.  With David Huse. 

 

Princeton Cyclotron, JuneÐAugust 1997Ñ Prepared cyclotron and beamline for weak 
interaction study.  With Albert Young. 

 

Neutron study, FebruaryÐMay 1997Ñ Helped construct polarized 3He source for neutron 
spin structure experiment.  With Gordon Cates. 
 
Santa Fe Institute Santa Fe, NM 
Evolution of cellular automata, JuneÐAugust 1998Ñ Extended experimental simulation 
system to handle (1) direct competition between individuals for fixed, limited resources, and 
(2) coevolution with a second 'resource' population.  Investigated effects of each extension 
alone and in tandem.  Demonstrated that resource sharing increased genetic diversity in 
population.  With Melanie Mitchell, James Crutchfield. 

 
Teaching Development TA for new course initiating new introductory core sequence in MIT EECS 
Experience        undergraduate program, fall 2005, spring 2006: developed software and hardware 

infrastructure; wrote and tested problem sets, lab assignments, and other course 
materials; supervised and evaluated coursework. 

TA for Introduction to Computational Neuroscience (MIT 9.29), spring 2003, spring 2004: 
created and delivered lectures, edited and graded problem sets, led independent project 
groups. 

Delivered lectures and supervised project groups for New England Complex Systems 
Institute short courses on complexity, 2004Ð2008. 

Designed and taught MIT Athletics Department juggling class, January 2005, and Open Air 
Circus classes in unicycling, diabolo, and devil sticks, summer 2004. 

Computer science lab TA, 1998Ð1999. 
 
Publications 
Articles & Werfel, Justin.  Robot search in 3D swarm construction.  In Proceedings of the First IEEE 
Conferences        International Conference on Self-Adaptive and Self-Organizing Systems (SASO 2007), 

Cambridge, Massachusetts (2007). 
Werfel, Justin, and Radhika Nagpal.  Three-dimensional construction with mobile robots 
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and modular blocks.  International Journal of Robotics Research, to appear. 
Werfel, Justin, and Radhika Nagpal.  Collective construction of environmentally-adaptive 

structures.  In Proceedings of the 2007 IEEE/RSJ International Conference on 
Intelligent Robots and Systems (IROS 2007), San Diego, California (2007). 

Werfel, Justin, and Radhika Nagpal. Extended stigmergy in collective construction. IEEE 
Intelligent Systems 21(2): 20Ð28 (2006). 

Werfel, Justin, Yaneer Bar-Yam, Daniela Rus, and Radhika Nagpal. Distributed 
construction by mobile robots with enhanced building blocks. In Proceedings of the 
2006 IEEE International Conference on Robotics and Automation (ICRA 2006), 
Orlando, Florida (2006).  

Werfel, Justin, Xiaohui Xie, and H. Sebastian Seung. Learning curves for stochastic gradient 
descent in linear feedforward networks. Neural Computation 17(12): 2699Ð2718 (2005). 

Werfel, Justin, Yaneer Bar-Yam, and Radhika Nagpal. Building patterned structures with 
robot swarms. In Proceedings of the Nineteenth International Joint Conference on 
Artificial Intelligence (IJCAI 2005), Scotland, UK, 1495Ð1502 (2005). 

Werfel, Justin, and Yaneer Bar-Yam. The evolution of reproductive restraint through social 
communication. Proceedings of the National Academy of Sciences 101(30):11019Ð
11024 (2004).  

Werfel, Justin. Building blocks for multi-agent construction. In Distributed Autonomous 
Robotic Systems 6 (2004). 

Werfel, Justin, Xiaohui Xie, and H. Sebastian Seung. Learning curves for stochastic gradient 
descent in linear feedforward networks. In Advances in Neural Information Processing 
Systems 16 (2004). 

Mensh, Brett, Justin Werfel, and H. Sebastian Seung. BCI Competition 2003Ñ data set Ia: 
combining gamma-band power with slow cortical potentials to improve single-trial 
classification of electroencephalographic signals. IEEE Transactions on Biomedical 
Engineering 51(6):1052Ð1056 (2004). 

Niebur, Ernst, et al. Research, robots, and reality: a statement on current trends in 
biorobotics. Behavioral and Brain Sciences 24(6):1072Ð1073 (2001). 

Werfel, Justin, Melanie Mitchell, and James P. Crutchfield. Effects of coevolution and 
resource sharing on the evolution of cellular automata. IEEE Transactions on 
Evolutionary Computation 4(4): 388Ð393 (2000). 

Workshops Werfel, Justin, and Radhika Nagpal.  Towards a common comparison framework for global-
to-local programming of self-assembling robotic systems.  Workshop on Self-
Reconfigurable Robots & Systems and Applications, at IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS 2007), San Diego, CA (2007). 

Werfel, Justin, and Radhika Nagpal.  Three-dimensional directed construction.  Workshop 
on Self-Reconfigurable Modular Robots, at Robotics: Science and Systems II, 
Philadelphia, PA (2006). 

Schuil, Crystal, Matthew Valente, Justin Werfel, and Radhika Nagpal.  Collective 
construction using LEGO robots.  In Proceedings of the Twenty-First National 
Conference on Artificial Intelligence (AAAI 2006), Boston, MA (2006).  Received 
Technical Innovation Award for Òelegant connection of theory and design.Ó 

Technical Werfel, Justin.  Anthills built to order: Automating construction with artificial swarms. 
Reports         Ph.D. thesis, Massachusetts Institute of Technology, Cambridge, MA; CSAIL Technical 

Report MIT-CSAIL-TR-2006-052 (2006). 
Werfel, Justin, and Radhika Nagpal.  Towards a common comparison framework for global-
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to-local programming of self-assembling robotic systems.  Harvard Computer Science 
Technical Report TR-14-07 (2007). 

Werfel, Justin, Yaneer Bar-Yam, and Radhika Nagpal. Construction by robot swarms using 
extended stigmergy. AI Memo AIM-2005-011, MIT Computer Science and Artificial 
Intelligence Lab (2005). 

Werfel, Justin. Implementing universal computation in an evolutionary system. AI Memo 
AIM-2002-010, MIT Artificial Intelligence Lab (2002). 

Werfel, Justin. Neural network models for zebra finch song production and reinforcement 
learning. Master's thesis, Massachusetts Institute of Technology, Cambridge, MA; AI 
Technical Report AITR-2004-008 (2001). 

 
Invited Talks University of Massachusetts Amherst Computer Science Department Seminar, January 29, 

2008: ÒAutomating Construction with Artificial SwarmsÓ 
Dartmouth University, Neukom Institute, June 11, 2007: ÒAutomating Construction with 

Artificial SwarmsÓ 
Charles River Associates, May 25, 2007: ÒAutomating Construction with Artificial SwarmsÓ 
Brandeis University Computer Science Colloquium, March 29, 2007: ÒAutomating 

Construction with Artificial SwarmsÓ 
Princeton University Computer Science Graphics/Media series, October 9, 2006: ÒCollective 

Construction and Extended StigmergyÓ 
International Conference on Complex Systems, June 27, 2006: ÒAutomating Construction 

with Distributed Robotic SystemsÓ 
Sandia National Laboratories, March 14, 2006: ÒCollective Construction and Extended 

StigmergyÓ 
Icosystem Corporation, December 9, 2005: ÒEngineering Self-Organizing SystemsÓ (with 

Radhika Nagpal and Dan Yamins) 
University of Vermont Computer Science Seminar, December 5, 2005: ÒCollective 

Construction and Extended StigmergyÓ 
University of Vermont Biological Complexity Seminar, December 5, 2005: ÒThe Evolution 

of Reproductive Restraint Through Social CommunicationÓ 
MIT CSAIL Student Seminar, November 28, 2005: ÒWeapons of Mass ConstructionÓ 
MIT CSAIL Dangerous Ideas Seminar, March 31, 2005: ÒThe End of the World is NearÓ 
International Conference on Complex Systems, May 18, 2004: ÒThe Evolution of 

Reproductive Restraint Through Social CommunicationÓ 
MIT EECS Masterworks Forum, April 30, 2001: ÒMove Globally, Update Locally: Local 

Learning Rules for Reinforcement Learning in Neural NetworksÓ 
Conference and workshop presentations for publications listed above 

 
Other  Chair (with Marco Mamei) of track on Self-Organization in Pervasive Distributed Systems 
Professional        at ACM Symposium on Applied Computing, March 16-20, 2008. 
Activities Editorial Board member for special issue of Swarm Intelligence journal on Swarm Robotics. 

Program Committee member for Distributed Autonomous Robotic Systems (DARS 2008). 
Reviewer for IEEE Transactions on Robotics, Journal of Zhejiang University Science A, 

International Journal of Robotics Research, IEEE International Conference on Robotics 
and Automation (ICRA 2008). 
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Honors and Kusaka Memorial Prize in Physics, Princeton University, 1999. 
Awards  Department of Defense National Defense Science and Engineering Graduate Fellowship, 

1999. 
National Science Foundation Graduate Research Fellowship (declined), 1999. 
Fannie and John Hertz Foundation Finalist, 1999. 
Phi Beta Kappa, 1999. 
MIT Arts Scholar, 2004-2006. 
 

Professional Sigma Xi, 1999-present. 
and Honor IEEE / Robotics & Automation Society, 2005-present. 
Societies AAAI, 2006-present. 
 
Activities Techiya (MIT a cappella group), 1999-2003; president/music director, 1999-2000. 

Edgerton House (graduate residence), vice president, 2000-2002. 
MIT Graduate Ring Committee (ring design, publicity, event organization), 2003-2004. 
MIMEtype (MIT mime company), co-founder, 2001-2004; president, 2003-2004. 
Princeton Juggling Club, 1995-1999; president, 1996-1999. 
Princeton University Band, 1995-1999; announcer, 1997. 
Princeton Triangle Club (musical theater company), writing and performing, 1995-1997. 
Infinity, Ltd. (science fiction club), 1995-1999; secretary, 1997-1998. 
Distractions (puzzle magazine), 1995-1999. 
Interests include glassblowing, juggling, cycling (bi- and uni-), hiking, fencing, skiing, 

writing (published science fiction in Odyssey magazine), and playing piano, harmonica, 
and musical saw. 
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Dissertation Social insects build large, complex structures, which emerge through the collective actions 
Abstract of many simple agents acting with no centralized control or preplanning. These natural 

systems motivate investigating the use of artificial swarms to automate construction or 
fabrication. The goal is to be able to take an unspecified number of simple robots and a 
supply of building material, give the system a high-level specification for any arbitrary 
structure desired, and have a guarantee that it will produce that structure without further 
intervention. 

In this thesis I describe such a distributed system for automating construction, in which 
autonomous mobile robots collectively build user-specified structures from square building 
blocks. The approach preserves many desirable features of the natural systems, such as 
considerable parallelism and robustness to factors like robot loss and variable order or 
timing of actions. Further, unlike insect colonies, it can build particular desired structures 
according to a high-level design provided by the user. 

Robots in this system act without explicit communication or cooperation, instead using 
the partially completed structure to coordinate their actions. This mechanism is analogous to 
that of stigmergy used by social insects, in which insects take actions that affect the 
environment, and the environmental state influences further actions. I introduce a framework 
of extended stigmergy in which building blocks are allowed to store, process or 
communicate information. Increasing the capabilities of the building material (rather than of 
the robots) in this way increases the availability of nonlocal structure information. Benefits 
include significant improvements in construction speed and in ability to take advantage of 
the parallelism of the swarm. 

This dissertation describes system design and control rules for decentralized teams of 
robots that provably build arbitrary solid structures in two dimensions. I present a hardware 
prototype, and discuss extensions to more general structures, including those built with 
multiple block types and in three dimensions. 

 


