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1. OBJECTIVES 

This grant F49620-98-1-0387 is a natural continuation of our previous grant F49620-95- 
1-0131 which ended on 12/31/97. Our motivation for the work reported here is the need 
for effective design, analysis, and optimization techniques for large, complex, stochastic 
Discrete Event Dynamic Systems (DEDS). DEDS are typified by communication 
networks, manufacturing, computer, C4I, traffic and other systems governed by human- 
made rules and clearly important in all aspects of modern technology. In addition, we 
have initiated a study of hybrid systems (i.e., systems combining time-driven with event- 
driven dynamics) with the goal of developing a comprehensive new theory for the 
optimal control of such systems with direct applications to manufacturing processes. 

The three major research thrusts of this effort are: 

• New ways to simulate DEDS in concurrent or parallel fashion that will speed up our 
ability to design and analyze their performance and that are naturally matched to 
emerging parallel computing capabilities and software paradigms such as object-oriented 
programming. 

• New approaches to optimization specifically aimed at the problem of large search 
spaces that lack analytical structure. 

• An emerging theory for the optimal control of DEDS, as well as Hybrid Systems (HS). 

Concrete research objectives we have pursued are: 

1. Investigate basic issues related to these three thrusts in terms of feasibility and 
intrinsic limitations. 

2. Develop new methods for solving complex discrete resource allocation problems and 
explore extensions to more general discrete stochastic optimization settings. 

3. Develop explicit algorithms that combine concurrent/parallel sample path 
construction techniques with Ordinal Optimization (00) ideas and study their 
properties. 

4. Explore a novel framework for modeling HS and develop an optimal control theory 
within this framework. 

5. Apply the techniques we developed to some DEDS and HS problems of practical 
interest. 

2. ACCOMPLISHMENTS/NEW FINDINGS 

1.   In the area of Optimization and Learning our accomplishments are summarized 
below: 

■    We have completely solved the well-known Witsenhausen problem (the 
determination of the optimaly(x), a one-dimensional function) and our results 
have been accepted for publication. Completion of this work also initiated our 
investigation of "Granular Optimization" - an approach to search and learning 
in unstructured space of admissible strategies. This approach so far enables us 



to systematically search and learn in the" space of one-variable functions. This 
result was reported in the 2000 IEEE Conf. On Decision and Control (CDC). 

■ Our research on Bayesian Learning methodologies in computational 
intelligence has led us to study the feature selection problem in automatic 
target recognition. This is a combinatorial optimization problem Preliminary 
results of working with real M-Star data have been encouraging. 

■ We have gained further insight into the No-Free-Lunch theorem and its 
implications. This further reinforces the importance of learning. 

■ Since computational resources for optimization and learning are always 
limited in practice, we have initiated the study of the auxiliary problem of 
optimizing the allocation of computing resources in search and learning. This 
approach is just beginning and reported more fully in our renewal proposal to 
this contract. 

• Relationship to original goals: This work is within the scope of Objectives 1,3, and 
5 (see section 1). 

• Relevance to AF mission and potential applications: The work directly and 
indirectly will be helpful in a variety of AF guidance and control mission work, 
where search and adaptation are necessary. 

2.   In the area of discrete stochastic optimization problems, we were able to show that it 
is possible to transform a discrete stochastic optimization problem into a companion 
continuous optimization problem, which is generally easier to solve and the solution 
of which is readily transformed into the solution of the original problem. We were 
also able to extend this approach beyond the original resource allocation setting we 
were studying and tackled the well-known "lot sizing" problem in manufacturing for 
solution using this "surrogate problem" methodology. We have been able to 
demonstrate the effectiveness of this approach for multiclass single-stage 
manufacturing systems and have published our findings. 

• Relationship to original goals: This work is being pursued in the context of 
Objectives 2,3 (see section 1). 

• Relevance to AF mission and potential applications: Discrete stochastic 
optimization problems are common in practice, as mentioned above. A major 
obstacle in dealing with these problems is the computational complexity which 
slows down the process of decision making. This approach holds great promise for 
significantly faster decisions making capabilities, at least for certain types of 
problems. 

While researching discrete stochastic optimization problems, we encountered a well- 
known scheduling problem in air traffic control referred to as "ground holding 
control". The problem is to schedule aircraft so as to minimize airborne delays due to 
congested destination airports and weather-related difficulties. We found out that 
applying principles from sample path analysis of DEDS leads to optimization 
schemes much more efficient than other approaches in the literature and guaranteeing 
global optimality. This work has resulted in a journal publication scheduled to appear 



■dp to original goals: This work falls under Objectives 3,5 (see section 1). 

'■• AF mission and potential applications: Air traffic control is of obvious 
ne Air Force. In addition, the methodology we used holds promise for 
ems thus far tackled only through linear or dynamic programming 

lecüü^ues that are generally always suited to real-time decision making. 

4.   We have established a novel modeling framework for Hybrid Systems (US), i.e., 
systems combining time-driven with event-driven dynamics. Based on this 
framework, we have been able to solve a class of optimal control problems motivated 
by concrete single-stage manufacturing problems. We were able to show that a 
decomposition of the optimal state trajectory in such problems allows us to reduce the 
complexity of solution algorithms from exponential to linear. Explicit numerical 
results can be seen through interactive Java applets found in 
http://vita.bu.edu/cgc/Hybrid. We have also made progress in studying problems for 
multi-stage hybrid systems based on an approximation method reported in some of 
our published work. Explicit numerical results can also be obtained through an 
interactive Java applet at http://vita.bu.edu/cgc/newhybrid/. 

• Relationship to original goals: This work is being pursued in the context of 
Objectives 4,5 (see section 1). 

• Relevance to AF mission and potential applications: New technological systems 
increasingly exhibit hybrid dynamic characteristics as computers are continuously 
integrated with traditional time-driven processes. The IBR problem of great interest 
to the AF and part of an ongoing manufacturing process at the Wright-Patterson Air 
Force Base is an example of such a system. 
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National Science Foundation Workshop on Control Education, University of Illinois, 
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University of Pennsylvania, Philadelphia, PA, November 1998 

37th IEEE Conference on Decision and Control, Tampa, GLA, December 1998 (3 
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Y.C. Ho: National Research Council Panel on Modeling and Simulation 

C.G. Cassandras: 
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• Dynamic control of transportation system for mining output, RTZ-CRA Co. 
RTZ-CRA of Melbourne, Australia, contacted CG. Cassandras for assistance in adopting 
Perturbation Analysis and other DEDS-related techniques for improving transportation 
operations in a major mining activity. Several ideas (including the concurrent simulation 
ideas developed in this project) were developed and considered for technology transfer at 
RTZ-CRA. Contact person: Dr. Russell Gamsworthy. 

• Modeling and system integration of large-scale manufacturing systems, ALCOA 
ALCOA has worked with G.G. Cassandras on DEDS-related techniques for effective 
modeling and control of large manufacturing facilities (thousands of products, hundreds 
of workcenters) where even elementary data collection and entry into software tools are 
infeasible. In addition, it is necessary to integrate physical processes with operations 
management, a perfect example of a hybrid system which has motivated some of the new 
research ideas for grant F49620-98-1-0387. Several proposed new concepts are being 
considered by ALCOA. Contact persons: Ken Schrock, Jeanette Nymon. 

• Stochastic optimization methods applied to JFACC dynamic mission planning, 
Alphatech 
CG. Cassandras is currently working with Alphatech, Inc. on DEDS-related techniques 
for effective modeling and control of military operations in the JFACC setting. Several of 
the stochastic optimization techniques developed under this AFOSR project are being 
tested at Alphatech for the purpose of effective dynamic mission planning to overcome 
computational complexity issues. Contact person: David Logan. 

6. NEW DISCOVERIES, INVENTIONS, OR PATENT DISCLOSURES 

None over the reporting period. 

7. HONORS/AWARDS 

Y.C.Ho (Lifetime): 
Guggenheim Fellow (1970), Fellow of IEEE (1972), Distinguished Member of IEEE 
Control System Society (1985), Member of National Academy of Engineering (1987), 
IEEE Control Science and Engineering Field Award (1989), Chiang Technology 
Achievement Prize (1993). 

C.G. Cassandras (Lifetime): 
Lilly Fellow (1991), Fellow of IEEE (1996), IF AC Harold Chestnut Prize (1999) 

Honors/A wards received during grant period: 

Y.C. Ho: 
AACC Bellman Heritage Award (1999) 
ASME Oldenburger Award for Control Systems (1999). 
Elected as a foreign member of the Chinese Academy of Sciences AND the Chinese 
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Academy of Engineering (2000). 

CG. Cassandras received the Harold Chestnut Prize awarded by the International 
Federation on Automatic Control for Best Control Engineering Textbook in July 1999. 
He was appointed Editor-in-Chief of the IEEE Transactions on Automatic Control, in 
July 1998. 
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