
Dynamic Asymptotic Dimension 
by 

Rufus Willett,  
University of Hawaii 
Coauthors: Erik Guentner and Guoliang Yu 
 
I’ll introduce a notion of ‘dynamic asymptotic dimension’ (d.a.d.), which is a translation of 
Gromov’s asymptotic dimension from coarse geometry and geometric group theory into 
topological dynamics.  I’ll describe some motivating examples, and the relationship with 
asymptotic dimension and some other notions of dimension.  I’ll then sketch applications to 
Novikov and Baum-Connes type conjectures using controlled K-theory, inspired partly by earlier 
work of Farrell-Jones, Yu, and Bartels-Lück-Reich. 
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A classical question by Steenrod (late 1940s) was whether it is possible to realize an integral 
homology class of a topological space by a continuous image of the fundamental class of an 
oriented smooth closed manifold. (Homology classes satisfying this condition are called {\it 
realizable}.) This question was answered by Thom (1954) who showed that there exist non-
realizable homology classes but a certain multiple of any homology class is realizable. In 2007 
the speaker found an explicit combinatorial procedure that, for a given singular cycle in a 
topological space, constructs a manifold realizing a multiple of the homology class representing 
by this cycle. Moreover, this construction allowed us to prove that, for every $n$, there exists an 
oriented smooth closed manifold $M^n$ that satisfy the following {\it Universal Realization of 
Cycles property} (or the {\it URC-property}): A multiple of any $n$-dimensional integral 
homology class of any topological space can be realized by an image of the fundamental class of 
a non-ramified finite-sheeted covering over $M^n$. Several series of examples of {\it URC-
manifolds} (i.e. manifolds satisfying the URC-property) were found by the speaker in 2013. The 
simplest of them was a {\it small cover} of the permutohedron. In the talk we shall present a 
modification of the explicit procedure for the realization of cycles that will allow us to find 
URC-manifolds that are even simpler than a small cover of the permutohedron. In particular, we 
shall show that a small cover of the associahedron is also a URC-manifold. 
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Contact structure on a 3-manifold is a nowhere integrable plane field. E. Giroux found a 
correspondence between certain equivalence classes of open book decompositions of 3-
manifolds and contact structures. Ozsv\’ath and Sz\’abo used the correspondence to define a 
contact invariant in their Heegaard Floer Homology. Latschev and Wendl defined “algebraic 



torsion” for contact structures in the context of symplectic field theory. We apply Hutchings's 
prescription for defining algebraic torsion in embedded contact homology to the Heegaard Floer 
setting by exploiting a parallel between it and a variant of ECH developed by Kutluhan, Lee and 
Taubes. This is joint work in progress with Cagatay Kutluhan, Jeremy Van Horn-Morris and 
Andy Wand. 
 


