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Education 

1974 Ph.D.   Harvard University 
Committee on Applied Mathematics  
Thesis adviser: Prof. Karl Deutsch 
Division of Engineering and Applied Physics 
• My Ph.D. thesis proposed the method now known as 

"backpropagation," and suggested a number of possible applications. 
This thesis is now widely cited as the original source on 
backpropagation, which is used in 30-90% of neural network 
applications. 

 
1969 M.S.  Harvard University 

Committee on Applied Mathematics 
Major in mathematical physics, minors in decision and control. 
• Physics courses were all graduate courses in quantum theory, quantum 

field theory, general relativity and nuclear physics. I took courses 
under Julian Schwinger, Nobel Prize winner and co-inventor of 
quantum field theory, the foundation of all modern physics. 

 
1968 M.Sc.   London School of Economics (UK) 

International political systems. 
Concentration on European Institutions (especially Common Market). 
 

1967 B.A.  Harvard University (magna cum laude) 
Economics 
• Courses included graduate-levels work in optimization methods, 

psychological simulation, and the strategy of conflict. Scored 930 out 
of 950 in the economics Graduate Record Examination, compared with 
700-800 for the 99th percentile and the Harvard mean. 

 
1959-1962  Pre-College at University of Pennsylvania and Princeton 

• Received credit for seven half-year mathematics courses (21 credits), 
at the U. of Penn. and Princeton U. junior level and above, taken 
between ages 12 and 15.  

• At age 14, completed the U. of Penn. Moore School advanced summer 
classes in computers with 100%.  



• At age 14, received FCC 1st Class Radiotelephone Commercial 
License.  

• MAA prize for highest scoring mathematics student in New Jersey. 
 

 

Employment 

1988 - Febr.2015 Program Director 
Engineering Directorate 
National Science Foundation 

• Various programs, including Neuroengineering, EFRI 
• Tasks involve defining and communicating priorities, collaborating 

with other parts of NSF and the government to coordinate 
initiatives and share proposals, advancing neuro-engineering in 
broad terms, deciding on proposals and maintaining a budget.  

 
1979 - 1988  Operations research analyst and mathematical statistician 

U.S. Department of Energy 
Division of Energy Analysis and Forecasting and 
Quality Assurance Division 

• Main assignments: lead analyst for evaluating and comparing long-
term energy models. Additionally, lead analyst for the industrial, 
transportation and commercial sectors.  

• Built hybrid economic-engineering models, and developed both the 
official EIA forecasts of these sectors and in-depth analyses of 
them. I also built the spreadsheet model of the natural gas industry 
used in the 1987 forecasts, using techniques borrowed from the 
neural network field. 

• Involved substantial management of contractors, interaction with 
the Conservation and Policy offices at DOE, and fairly frequent 
interaction with EPA and the DOE Energy Research group.  

• I was also asked to give frequent talks, to groups such as the 
National Coalition on Consumer Education, the Global Futures 
Roundtable, and so on. Last supervisor at DOE: Dr. Barry Cohen. 

• Served on the Global 2000 Phase II interagency committee 
organized by CEQ on improvements in models and data required 
for improved global modeling. 
 

1978 - 1979  Census Bureau 
Intergovernmental Personal Agreement (IPA) from U. of Maryland 

• Work on time-series analysis and optimization methods, 
developing ways in which backpropagation and related techniques 
might be applied to large-scale (multi-billion dollar) resource 
allocation problems involving regional economic development. 



 
1975 - 1978  Assistant Professor  

University of Maryland, College Park  
• Teaching advanced quantitative methods (optimization and 

forecasting) to graduate students in political science (1/3 effort).  
• Principal Investigator on a DARPA grant (2/3 effort), in which I 

mostly worked on developing new designs and concepts for neural 
network control.  

• I demonstrated that forecast error could be reduced substantially in 
a major Joint Chiefs of Staff global model, when these new 
concepts were applied to that model. 
 

1973 - 1975  Postdoc Staff Researcher 
MIT, Cambridge, MA Project 

• Responsible for debugging and upgrading major user-oriented 
software packages used by DOD/AFDSC and others. 

• Implemented a Time-Series Processor command using 
backpropagation (transparent to the user) to estimate regression-
type models with a correction for "errors in data." This position 
required detailed understanding of a wide variety of analysis tools. 
 

Pre-1973  A variety of summer and part-time student jobs 
• Research assistant in forecasting political conflict and Vietnam 

data (cf. Jeff Milstein, formerly at JCS/Strategy) 
• Lab instructor in electronics at Harvard,  
• Modeler of educational psychology at Abt Associates in 

Cambridge, 
• Statistical analyst of quasars,  
• Numerical analyst at Jefferson Hospital in Philadelphia. 

 
Work in the Professional Community 
 
International Neural Network Society  

• Founding member, elected as Governing Board member (1989), Secretary 
(1990) and then President (1991-92 term). Consistently advocated INNS-
IEEE collaboration and joint meetings. Reelected as Governing Board 
member.  

 
World Congress on Neural Networks (WCNN94) 

• General Chair, 1994 
 
IEEE Control Systems Society 

• Served on committees to define intelligent control. 
 

Former Washington representative of the L-5 Society 



• In this capacity worked to support greater foresight and cost reduction in 
space policy.  
 

Worked actively as an associate member of the regional B'nai B'rith Energy committee.  
• Was eligible only to be an associate member because I am a Quaker.  

 
Membership in Professional Societies 

• IEEE, Control Systems Society and Systems, Man and Cyberbetics (SMC) 
Society. Elected to AdCom (Governing Board) of SMC Society,  

 
Awards 
 
Fellow of IEEE, Fellow of INNS 
 
1995  Pioneer Award, IEEE Neural Network Council  

• for work on backpropagation and intelligent control. 
 
2011  Hebb Award, International Neural Network Society 

• INNS's highest award, to honor substantive contributions to the 
understanding of biological learning systems. 

 
 
Selected Publications  
 
Books 
 
P.Werbos, The Roots of Backpropagation: From Ordered Derivatives to Neural Networks and 
Political Forecasting, Wiley Interscience, 1994.  
• The book was proposed by Simon Haykin, and published as the first book in his new 

series on Adaptive and Learning Systems for Signal Processing, Communications and 
Control. It includes my 1974 Ph.D. thesis, plus a new introduction and foreword(s). I 
substantially laid out links between backpropagation, artificial neural networks and 
neuroscience. It also includes three more recent papers I have written connecting it to 
current research. 
 

W.Miller, R.Sutton and Werbos (eds). Neural Networks For Control, MIT Press, 1990.  
• The paperback edition came out in 1994. 

 
D.White and D.Sofge, eds. Handbook of Intelligent Control, Van Nostrand, 1992.  
• I am lead author of the foreword and chapter 10, and sole author of chapters 3 and 13. 

Neurocontrol and supervised learning: an overview and evaluation; Neural networks, 
system identification and control in the chemical process industries; and Approximate 
dynamic programming for real-time control and neural modeling. 

 
Journal Articles (Selected from recent years) 



 
• Werbos, P. J. (2009). Intelligence in the brain: A theory of how it works and how to build 

it. Neural Networks, 22(3), 200-212. 
• Ilin, R., Kozma, R., & Werbos, P. J. (2008). Beyond feedforward models trained by 

backpropagation: A practical training tool for a more efficient universal approximator. 
Neural Networks, IEEE Transactions on, 19(6), 929-937. 

• Werbos, P. J. (2011). Computational intelligence for the smart grid-history, challenges, 
and opportunities. Computational Intelligence Magazine, IEEE, 6(3), 14-21. 

• Werbos, P. J. (2008). Foreword-ADP: The key direction for future research in intelligent 
control and understanding brain intelligence. Systems, Man, and Cybernetics, Part B: 
Cybernetics, IEEE Transactions on, 38(4), 898-900. 

• Werbos, P. J. (2008). Bell’s theorem, many worlds and backwards-time physics: not just 
a matter of interpretation. International Journal of Theoretical Physics, 47(11), 2862-
2874. 

• Werbos, P. (2012). Reinforcement learning and approximate dynamic programming 
(RLADP)—foundations, common misconceptions and challenges ahead. Reinforcement 
Learning and Approximate Dynamic Programming for Feedback Control, 3-30. 

• Werbos, P. J. (2012). Neural networks and the experience and cultivation of mind. Neural 
Networks, 32, 86-95. 

• Werbos, P. J. (2013, January). Solitons for Describing 3-D Physical Reality:. the Current 
Frontier. In Chaos, CNN, Memristors and Beyond: A Festschrift for Leon Chua (With 
DVD-ROM, Composed by Eleonora Bilotta). Edited by Adamatzky Andrew et al. 
Published by World Scientific Publishing Co. Pte. Ltd., 2013. ISBN# 9789814434805, pp. 
448-457 (Vol. 1, pp. 448-457). 

• Kozma, Robert, and Paul J. Werbos. "Methods of improved learning in simultaneous 
recurrent neural networks." U.S. Patent Application 12/156,164. 

• Werbos, P. J. (2009). Towards a rational strategy for the Human settlement of Space. 
Futures, 41(8), 547-553. 

• Werbos, L., Kozma, R., Silva-Lugo, R., Pazienza, G. E., & Werbos, P. J. (2012). 
Metamodeling and the Critic-based approach to multi-level optimization. Neural 
Networks, 32, 179-185. 

• Werbos, P. J. (2013). Extension of the Glauber-Sudarshan mapping for classical and 
quantum energy spectra. arXiv preprint arXiv:1402.5116. 

• Werbos, P. J. (2012). Memristors for More than Just Memory: How to Use Learning to 
Expand Applications. In Advances in Neuromorphic Memristor Science and Applications 
(pp. 63-73). Ed. R. Kozma, Springer Netherlands. 

• Werbos, P. J. (2014). Local realistic model of Bell Theorem experiment and alternative 
model of quantum measurement. arXiv preprint arXiv:1403.0469. 

• Sokolov, Y., Kozma, R., Werbos, L. D., & Werbos, P. J. (2013). Complete stability 
analysis of a heuristic ADP control design. arXiv preprint arXiv:1308.3282. 


