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as12. Abstract
Please submit your report abstract below.

The project research during this annual period was mainly concentrated on the following topics:

---Investigating new classes of optimal control problems for sweeping processes governed by discontinuous differential
inclusions with pointwise/hard control and state constraints. Developing numerically implemented approximation
procedures for them and deriving necessary optimality conditions that involve, in particular, the maximization of
extended Hamiltonians of the novel type.

---Applying the obtained theoretical and computational results for controlled sweeping processes to practical models of
robotics, planar crowd motions, and traffic equilibria.

—--Developing a criticality theory in general problems of constrained optimization with particular attention to problems of
conic programming by using machinery of second-order variational analysis. Deriving in this way complete
characterizations of critical and noncritical multipliers for such problems expressed entirely in terms of the problem data.
—--Establishing efficient characterizations of fully stable local minimizers in problems of conic programming and proving
that slow convergence of Newtonian algorithms is excluded by full stability of local minimizers in such problems.
---Developing a variational approach to local asymptotic and exponential stabilizability of nonlinear systems and deriving
in this way new conditions for feedback control stabilization of such systems.

—--Developing new applications of variational analysis to some fundamental problems of behavioral science via the
variational rationality approach.

---Investigating major stability issues in both optimistic and pessimistic models of bilevel programming by implementing
a novel two-level value function approach of variational analysis.
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VARIATIONAL ANALYSIS IN OPTIMIZATION AND CONTROL

AFOSR grant # 15RT0462
May 1, 2016—April 30, 2021

PI: BORIS MORDUKHOVICH
Distinguished Professor, Wayne State University

Main Objectives and Technical Approaches

The main objectives include developing advanced tools of vari-

ational analysis and their applications to theoretical and numer-

ical aspects of constrained optimization and optimal control of

new classes of controlled dynamical of systems. Furthermore,

a major goal is to apply the developed theoretical results and

techniques to the modeling and solving of practical problems.
1
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The main technical approaches consist of developing and ap-
plying powerful tools and techniques of second-order variational
analysis and generalized differentiation to complex constrained
optimization problems, as well as the method of discrete ap-
proximations to the study and solving of optimal control prob-
lems with discontinuous dynamics.

More specific topics of the research and applications proposed
in the project are listed in the Abstract of this report. All
the proposed goals have been achieved in the course of the
fulfillment of this project.

Summary of Advances

We developed powerful tools of second-order variational analy-
sis and generalized differentiation important for their own sake
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and needed for our applications to theoretical and numerical
aspects of optimization, control, and practical modeling aimed
at the proposed research. Our main achievements include
careful investigations with complete characterizations of well-
recognized tilt and full stability concepts for optimal solutions
to polyhedral and nonpolyhedral problems of conic program-
Mming without restrictive nondegeneracy assumptions. The re-
sults obtained in this vein are largely applied to all other topics
of this project.

Based on the constructions and techniques of second-order
variational analysis, we developed a rather comprehensive crit-
icality theory for multipliers in general problems of conic pro-
gramming with deriving verifiable characterizations of critical
and noncritical multipliers that entirely expressed via the given
data. Besides being important for their own rate, the obtained
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characterizations of critical multipliers and the above stability
concepts for local minimizers in conic programming are cru-
cial to find efficient conditions for excluding slow convergence
of Newtonian and related primal-dual algorithms in polyhedral
and nonpolyhedral problems of constrained optimization.

The new DC-type algorithms were developed for nonsmooth
multifacility location problems highly important for applica-
tions. We applied these algorithms to solving some practical
models arising in the airline industry, transportation, clustering,
machine learning, etc.

A substantial part of this research was devoted to investigat-
ing novel classes of optimal control problems governed by dis-
sipative differential inclusions known as the sweeping/Moreau
processes. A systematic study and applications of controlled
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processes of this type has been started rather recently by a
group of researchers including the PI. Optimal control prob-
lems for such discontinuous dynamical systems with intrinsic
pointwise/hard state constraints were realized to be extremely
challenging. During the fulfillment of this project we consid-
ered, being largely motivated by demanding applications, some
systems of this type with hard constraints on discontinuous
controls. The major results obtained in this direction include
justifying appropriate convergence of discrete-time optimal so-
lutions and deriving new optimality conditions for controlled
sweeping processes with both discrete and continuous time.

We developed efficient applications of the necessary optimal
conditions and numerical procedures for controlled sweeping
processes to some practical models formulated in this form.
They include, in particular, systems with hysteresis, models in
robotics, traffic equilibria, and planar crowd motions.
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Novel variational approaches and obtained results of variational
analysis were applied to feedback control stabilization (in local
asymptotic and exponential senses) of nonlinear ODE systems.
In this way, we were able to derive both necessary and sufficient
conditions for feedback stabilization and solved, in particular,
some long-standing problems in the area.

Another important achievement of this project concerns appli-
cations of variational analysis and the variational rationality ap-
proach to some models coming from behavioral sciences. The
developed variational approach allowed us to use variational
techniques and results in studying the so-called stationary traps
that are significant to design effective algorithms to determine
optimal strategies in such models.

Finally, we developed a new approach to the study both opti-
mistic and pessimistic of bilevel programming, the major class
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of problems in hierarchical optimization. Comprehensive stabil-
ity results and optimality conditions were achieved by the imple-
menting of the proposed two-level value function approach and
the developed machinery of second-order variational analysis.
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