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Abstract

The need to solve real-life optimization problems poses frequently a severe challenge, as the underlying mathematical programs threaten to be intractable.  The intractability can be attributed to any of the following properties:  large dimensionality of the design dimension; lack of convexity; parameters affected by uncertainty.  In problems of designing optimal mechanical structures (truss topology design, shape design, free material optimization), the mathematical programs typically have hundreds of thousands of variables, a fact which rules out the use of advanced modern solution methods, such as Interior Point.  The same situation occurs in Medical Imaging (reconstruction of clinically acceptable images from Positron Emission Tomographs).  Some Signal Processing and Estimation problems may result in nonconvex formulations.  In the wide area of optimization under uncertainty, some classical approaches, such as chance (probabilistic) constraints, give rise to nonconvex NP-hard problems.  Nonconvexity also occurs in some Robust Control problems.

In all the above applications we explain how the difficulties were resolved.  In some cases this was achieved by mathematical analysis, which converted the problems (or its dual) to a tractable convex program.  In other cases novel approximation schemes for probability inequalities were used.  In the case of huge-scale convex programs, novel algorithms were employed.  In the Robust Control example, a reparameterization scheme is developed under which the problem is converted to a tractable deterministic convex program.

Prof. Ben-Tal's research work is mainly in the area of nonlinear optimization. He published over 100 papers and 2 books (a third is forthcoming).His theoretical work is concerned with extremum principles for problems in a general setting, with regard to the underlying decision space, and the underlying smoothness of the functionals. He was among the first to develop a comprehensive theory of second-order optimality conditions for non differential problems.

Prof. Ben-Tal is also involved in research in stochastic mathematical programming. He introduced the concept of entropic-penalty for problems with randomness in the constraints, and developed a duality theory which established a link between stochastic programming and the Expected Utility principle in economics. Recently he developed, together with Prof. A. Nemirovski, the Robust Optimization methodology. The focus of Prof. Ben-Tal's work in recent years is in computational methods for solving large-scale continuous optimization problems. The algorithms he develops are used in designing optimally complex engineering structures, water distribution networks, and techniques for medical image reconstruction. The above projects are carried out in the MINERVA Optimization Center, a 1 million Euro endowed research center headed by Prof. Ben-Tal.

Prof. Ben-Tal was a member of the International Council of the Mathematical Programming Society. He served as Area Editor of the journal Mathematics of Operations Research, and Associate Editor for Math. Programming and SIAM Optimization. He is currently a member of the Editorial Board of the journals Convex Analysis,J.Optimization and Engineering and European J. of Operations Research.. He received Awards of Excellence from the Technion both for research and for teaching. In 2007 Prof. Ben-Tal was awarded the EURO Gold Medal-the highest distinction for Operations Research within Europe.

