
Summer Semester 2025 S4B1 – Graduate Seminar on Analysis

Lyapunov methods for time delay systems

I.V. Aleksandrova, J.J.L. Velázquez

e-mail for questions: <aleksandrova@iam.uni-bonn.de>

List of the topics:

Topic 0 (my). Introduction to the stability theory of time delay systems. Examples of Lyapunov functions
for ODEs.

Topic 1 (optional). Lyapunov stability theorems for a general class of nonlinear time delay systems (Sections
1.4 and 1.5 in [3]).

Topic 2. A class of linear time delay systems. Fundamental matrix. Cauchy Formula. Origins of the theory
of functionals with prescribed derivatives: How does the Cauchy Formula give rise to an explicit expression for
the Lyapunov functional? (Sections 2.1–2.5 in [3]).

Topic 3. The concept of Delay Lyapunov Matrix. Two denitions and their equivalence for a class of
exponentially stable systems (Sections 2.6–2.8 in [3]).

Topic 4 (optional). Existence, uniqueness and computational issue for the Delay Lyapunov Matrix (Sec-
tions 2.9–2.10 in [3]).

Topic 5 (optional). Applications of the Delay Lyapunov Matrix. Construction of the exponential estimates
for solutions. Robust stability analysis. Computation of the critical values of delay (Sections 2.11–2.12 in [3]).

Topic 6 (optional). Necessary and sucient stability conditions expressed exclusively in terms of the Delay
Lyapunov Matrix [7–9].

Topic 7∗ (optional). Some engineering and biological examples of models involving systems with time delays
([1,2] and other sources).

References

[1] S.-I. Niculescu. Delay eects on stability: A robust control approach. Springer Science & Business Media,
vol. 269, 2001.

[2] E. Fridman. Introduction to time-delay systems: Analysis and control. Birkhäuser, Basel, 2014.
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