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Size Function (0-D persistent homology)
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Topological Data Analysis
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Abstract

Complex networks have become the main paradigm for modelling the dynamics of
interacting systems. However, networks are intrinsically limited to describing pairwise
interactions, whereas real-world systems are often characterized by higher-order interactions
involving groups of three or more units. Higher-order structures, such as hypergraphs and
simplicial complexes, are therefore a better tool to map the real organization of many social,
biological and man-made systems. Here, we highlight recent evidence of collective
behaviours induced by higher-order interactions, and we outline three key challenges for the

physics of higher-order systems.
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Abstract

Higher-order networks have emerged as a powerful framework to model complex systems
and their collective behavior. Going beyond pairwise interactions, they encode structured
relations among arbitrary numbers of units through representations such as simplicial
komplexes and hypergraphs. So far, the choice between simplicial complexes and
hypergraphs has often been motivated by technical convenience. Here, using
synchronization as an example, we demonstrate that the effects of higher-order interactions
are highly representation-dependent. In particular, higher-order interactions typically
enhance synchronization in hypergraphs but have the opposite effect in simplicial

complexes. We provide theoretical insight by linking the synchronizability of different
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Abstract

Higher-order interactions play a key role for the operation and function of a complex system.
However, how to identify them s still an open problem. Here, we propose a method to fully
reconstruct the structural connectivity of a system of coupled dynamical units, identifying
both pairwise and higher-order interactions from the system time evolution. Our method
works for any dynamics, and allows the reconstruction of both hypergraphs and simplicial
complexes, either undirected or directed, unweighted or weighted. With two concrete
applications, we show how the method can help understanding the complexity of bacterial
systems, or the microscopic mechanisms of interaction underlying coupled chaotic

oscillators.
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Persistent homology for C60 analysis
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Persistent homology for Biomolecule analysis
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Persistent homology for handwriting numbers
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Persistent homology based machine learning
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Persistent homology based features
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Recent Progress of TDA based drug design
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