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Project 1: Hopf algebras in nonlinear control theory with a view toward ecological management
Most systems found in science and engineering are composed of interconnected simpler subsystems. Nonlin-
earities of the latter may yield a remarkable complexity of the former. Adapting and applying mathematical
notions, methods and related new results from advanced algebra and modern combinatorics, this project aims at
a deeper understanding of questions of a mathematical nature with the goal to improve efficient calculations as
part of system inversion problems in nonlinear feedback control. The notion of Hopf algebra antipode plays a
central role in these developments. The challenging objective is to employ newmathematical and computational
tools for the analysis of a class of biological (Lotka–Volterra) systems involving the interaction (interconnec-
tion) of predator and prey to determine via system inversion precisely which environmental factors are most
influencing the population levels of each species.
Requirement: interest (and modest background) in — Algebra; Ordinary Differential Equations

E. Chauvet, J. E. Paullet, J. P. Previte, Z. Walls, A Lotka–Volterra three-species food chain, Mathematics Magazine 75,
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B. Humpert, J. L. Martin, The incidence Hopf algebra of graphs, SIAM J. Discrete Math. 26, No. 2, (2012) 555–570.
C. Loehle, Control Theory and the Management of Ecosystems, Journal of Applied Ecology 43, No. 5, (2006) 957–966.
D. E. Radford, Hopf Algebras, World Scientific Press, Singapore, 2012.

I. Shafarevich, Basic Notions of Algebra, Encyclopaedia of Mathematical Sciences, Springer, 2005.

Project 2: Multiple zeta values at negative arguments and duality

A multiple zeta values (MZVs) of length k and positive integer weight s = ∑k
i=1 si, s1 > 1, si > 0, i > 1, is

defined by a k-fold series
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Systematic work on MZVs and generalizations thereof, such as multiple polylogarithms (MPLs), started in the
early 1990s. Although the prehistory can be traced back to Euler in the 18th century. Within the last 15 years
MZVs developed into a veritable subject at the forefront of modern mathematical research having intersections
with several mathematical areas, including number theory, algebraic geometry, Lie group theory, algebra, and
combinatorics. The significance of MZVs and MPLs in the context of perturbative quantum field theory results
from the progress made in advanced computational techniques in high-energy physics. The theory of MZVs
possess intriguing algebraic and combinatorial aspects. Common to these numbers are the so-called shuffle and
quasi-shuffle (Hopf) algebras. A peculiar set of relations among MZVs is subsumed under the notion of duality.
Recent progress in understanding q-deformed MZVs unveiled interesting aspects of the notion of duality in the
context of double shuffle relations, as well as the extension of MZVs and MPLs to integer arguments. The aim
of this project is to find useful ways of classifying/characterizing good q-deformations of MZVs.
Requirement: interest (and modest background) in — Algebra; Number Theory

J. Castillo Medina, KEF, D. Manchon, Unfolding the double shuffle structure of q-multiple zeta values, Bulletin of the
Australian Mathematical Society 91, issue 03, (2015) 368–388.
——, On Euler’s decomposition formula for qMZVs, The Ramanujan Journal 37, Issue 2, (2015) 365–389.
KEF, D. Manchon, J. Singer, Duality and (q-)multiple zeta values, Dec. 2015, arXiv:1512.00753.
——, Renormalisation of q-regularised multiple zeta values, Lett. Math. Phys. 106(3), (2016) 365–380.
K. Ihara, M. Kaneko, D. Zagier,Derivation and double shuffle relations for multiple zeta values, Compositio Mathematica
142, (2006) 307–338.
W. Zudilin, Algebraic relations for multiple zeta values, Russian Math. Surveys 58:1, (2003) 1–29.
——, Multiple q-zeta brackets, Mathematics 3(1), (2015) 119–130.
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