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The fields of adaptive control and machine learning have evolved in parallel over the past few
decades, with a significant overlap in goals, problem statements, and tools. Machine learning as a
field has focused on computer based systems that improve through experience. Often times the
process of learning is encapsulated in the form of a parameterized model, whose parameters are
learned in order to approximate a function. The field of adaptive control, on the other hand, has
focused on the process of controlling engineering systems in order to accomplish regulation and
tracking of critical variables of interest. The approach used for accomplishing such regulation
and tracking in adaptive control is the learning of underlying parameters through an online
estimation algorithm. Learning parameters of a model in both machine learning and adaptive
control occurs through the use of input-output data. In both cases, the main algorithm used for
updating the parameters is based on a gradient descent-like algorithm. Related tools of analysis,
convergence, and robustness in both fields have a tremendous amount of similarity. As the scope
of problems in both fields increases, the associated complexity and challenges increase as well.
In order to address learning and decision-making in real time, it becomes more and more
necessary to understand these similarities and connections so as to develop new methods, tools,
and algorithms for addressing the emerging challenges.
This talk will examine the similarities and interconnections between adaptive control and
optimization methods commonly employed in machine learning. Concepts in stability,
performance, and learning, common to both fields are then discussed. Building on the similarities
in update laws and common concepts, new intersections and opportunities for improved
algorithm analysis will be explored. In particular, specific problems related to higher order
learning and exponentially fast learning is solved through insights obtained from these
intersections. We will explore how higher order learning and exponentially fast learning can be
carried out and lead to provably correct methods for adaptation, learning, and estimation.
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