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Order from disorder …



www.unamur.be timoteo.carletti@unamur.be

Synchronisation

www.quantamagazine.org

www.youtube.com

https://www.youtube.com/watch?v=Au5tGPPcPus
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Synchronisation

www.youtube.com

Huygen (1665)

“An odd kind of sympathy”
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We live in an interconnected world …

Network Science A.-L. Barabási
Networks are everywhere, from the Internet, to social networks, and the genetic networks that 
determine our biological existence. Illustrated throughout in full colour, this pioneering textbook, 
spanning a wide range of topics from physics to computer science, engineering, economics and the 
social sciences, introduces network science to an interdisciplinary audience. From the origins of 
the six degrees of separation to explaining why networks are robust to random failures, the author 
explores how viruses like Ebola and H1N1 spread, and why it is that our friends have more friends 
than we do. Using numerous real-world examples, this innovatively designed text includes clear 
delineation between undergraduate and graduate level material. The mathematical formulas and 
derivations are included within Advanced Topics sections, enabling use at a range of levels. 
Extensive online resources, including films and software for network analysis, make this a 
multifaceted companion for anyone with an interest in network science.

The Structure and Dynamics of Networks
A.-L. Barabási, M. Newman, D.J.Watts
From the Internet to networks of friendship, disease transmission, and even terrorism, the concept-and the 
reality-of networks has come to pervade modern society. But what exactly is a network? What different types 
of networks are there? Why are they interesting, and what can they tell us? In recent years, scientists from a 
range of fields-including mathematics, physics, computer science, sociology, and biology-have been pursuing 
these questions and building a new "science of networks." This book brings together for the first time a set of 
seminal articles representing research from across these disciplines. It is an ideal sourcebook for the key 
research in this fast-growing field. The book is organized into four sections, each preceded by an editors' 
introduction summarizing its contents and general theme. The first section sets the stage by discussing some 
of the historical antecedents of contemporary research in the area. From there the book moves to the 
empirical side of the science of networks before turning to the foundational modeling ideas that have been the 
focus of much subsequent activity. The book closes by taking the reader to the cutting edge of network 
science--the relationship between network structure and system dynamics. From network robustness to the 
spread of disease, this section offers a potpourri of topics on this rapidly expanding frontier of the new 
science.
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Simplicial complexes

d-simplex = d+1 nodes 

(all linked together)

1-simplex = link
2-simplex = triangle

3-simplex = tetrahedron

Simplicial complexes
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networks
Network = finite set of nodes pairwise connected, i.e., there is a link 

(edge) among the two nodes if there is some interaction among them

a

b

c
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networks

Dynamics

Structure
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i = 1, . . . , n

<latexit sha1_base64="1HSsDysS0N6orig7h0zwuSCmRpQ=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgopQZKagLoejGZQX7gHYomTTThmYyQ3JHKKW/4caFIm79GXf+jWk7C209EDiccw/35gSJFAZd99vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ381tPXBsRq0ccJ9yP6ECJUDCKVuqKG6/c7cdoSFn1iiW34s5BVomXkRJkqPeKXzbK0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfvOUnFmlT8JY26eQzNXfiQmNjBlHgZ2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZkVQPpCc4ZybAllWthbCRtSTRnamgq2BG/5y6ukeVHxqpXrh2qpdpvVkYcTOIVz8OASanAPdWgAgwSe4RXenNR5cd6dj8Vozskyx/AHzucPq0KQ0Q==</latexit>

i

<latexit sha1_base64="dmX+CDDFhnqy526X/sqe2r9uxtA="></latexit>

dx

dt
= f(x) x 2 Rd

<latexit sha1_base64="XcysM9I5fMAGO6naRVvrAgHxgWE="></latexit>

dx(i)

dt
= f(x(i)) x(i) 2 Rd1

<latexit sha1_base64="dmX+CDDFhnqy526X/sqe2r9uxtA="></latexit>

dx

dt
= f(x) x 2 Rd

Global Synchronisation on networks

i
2

<latexit sha1_base64="HemsLf9794CS+VStS8Vi24f9d0I="></latexit>

dx(i)

dt
= f(x(i)) + �

nX

j=1

Aijg(x
(i),x(j))

<latexit sha1_base64="uk0Z9EkWiD+tdLOa7Ki99ZOjGiQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PUi8cI5gHJEmYns8kkszPLzKwQlv0HLx4U8er/ePNvnCR70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWM76Z+64kqzaR4NJOY+hEeCBYygo2Vmje9lI2yXrniVt0Z0DLxclKBHPVe+avblySJqDCEY607nhsbP8XKMMJpVuommsaYjPGAdiwVOKLaT2fXZujEKn0USmVLGDRTf0+kONJ6EgW2M8JmqBe9qfif10lMeO2nTMSJoYLMF4UJR0ai6euozxQlhk8swUQxeysiQ6wwMTagkg3BW3x5mTTPqt5l9eLhvFK7zeMowhEcwyl4cAU1uIc6NIDACJ7hFd4c6bw4787HvLXg5DOH8AfO5w+b948r</latexit>

Aij Adjacency matrix

<latexit sha1_base64="YVQm30vSjyjZscSPAo6/h3fVK0w=">AAACUHicdVHLSgMxFL1TX7W+qi7dDBahA1pmxNdGKLpxWcE+oB1LJs20sZkHSUYsw3yim+78DjcuFM30AbbVCyGHc85Nbk6ckFEhTfNNyywtr6yuZddzG5tb2zv53b2aCCKOSRUHLOANBwnCqE+qkkpGGiEnyHMYqTv921SvPxMuaOA/yEFIbA91fepSjKSi2vluy0Oy57hxNylO4UvyGBepkRzPEE9GYlxPmd6cOxVP/hPVUUY7XzBL5qj0RWBNQAEmVWnnh61OgCOP+BIzJETTMkNpx4hLihlJcq1IkBDhPuqSpoI+8oiw41EgiX6kmI7uBlwtX+oj9ndHjDwhBp6jnOmgYl5Lyb+0ZiTdKzumfhhJ4uPxRW7EdBnoabp6h3KCJRsogDCnalYd9xBHWKo/yKkQrPknL4Laacm6KJ3fnxXKN5M4snAAh1AECy6hDHdQgSpgeIV3+IQvbah9aN8ZbWyd7rAPM5XJ/QDtirYJ</latexit>

g(x(i),x(j)) = h(x(j))� h(x(i))
<latexit sha1_base64="76O4yBuM4xz22kk+BWTLKIiWk0A="></latexit>

= f(x(i)) + �
nX

j=1

Lijh(x
(j))

Diffusive-like coupling <latexit sha1_base64="rF954vZhiA6TCPtvwRN48u3r17M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPEcwDkiXMTmaTSWZnlplZISz7D148KOLV//Hm3zhJ9qCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN9O/dYTVZpJ8WgmMfUjPBAsZAQbKzXveykbZb1yxa26M6Bl4uWkAjnqvfJXty9JElFhCMdadzw3Nn6KlWGE06zUTTSNMRnjAe1YKnBEtZ/Ors3QiVX6KJTKljBopv6eSHGk9SQKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNPXUZ8pSgyfWIKJYvZWRIZYYWJsQCUbgrf48jJpnlW9y+rFw3mldpPHUYQjOIZT8OAKanAHdWgAgRE8wyu8OdJ5cd6dj3lrwclnDuEPnM8frNqPNg==</latexit>

Lij Laplace matrix
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Reference orbit                 solution of
<latexit sha1_base64="kFeE1c6b/vNNIRzLUCvCubAYERU=">AAAB9HicbVDLSsNAFL3xWeur6tJNsAh1UxLxtSy6cVnBPqANZTKdtEMnkzhzUyih3+HGhSJu/Rh3/o2TNgttPTBwOOde7pnjx4JrdJxva2V1bX1js7BV3N7Z3dsvHRw2dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mju8xvjZnSPJKPOImZF5KB5AGnBI3kdUOCQz9I9bSCZ71S2ak6M9jLxM1JGXLUe6Wvbj+iScgkUkG07rhOjF5KFHIq2LTYTTSLCR2RAesYKknItJfOQk/tU6P07SBS5km0Z+rvjZSEWk9C30xmIfWil4n/eZ0Egxsv5TJOkEk6PxQkwsbIzhqw+1wximJiCKGKm6w2HRJFKJqeiqYEd/HLy6R5XnWvqpcPF+XabV5HAY7hBCrgwjXU4B7q0AAKT/AMr/Bmja0X6936mI+uWPnOEfyB9fkDn+mSBA==</latexit>

s(t)
<latexit sha1_base64="7BbBACqr4hvi/wjyrNAx584f1JY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUnE10YounFZwT6gCWUymbRDJ5MwMxFKyFe48VfcuFDErbjzb5y0EbX1wMCZc+7l3nu8mFGpLOvTmJtfWFxaLq2UV9fWNzbNre2WjBKBSRNHLBIdD0nCKCdNRRUjnVgQFHqMtL3hVe6374iQNOK3ahQTN0R9TgOKkdJSzzx0AoFw6jshUgMvSGWWpb7KLr7/QVb9sQ56ZsWqWWPAWWIXpAIKNHrmh+NHOAkJV5ghKbu2FSs3RUJRzEhWdhJJYoSHqE+6mnIUEumm47MyuK8VHwaR0I8rOFZ/d6QolHIUeroyX1FOe7n4n9dNVHDuppTHiSIcTwYFCYMqgnlG0KeCYMVGmiAsqN4V4gHSOSmdZFmHYE+fPEtaRzX7tHZyc1ypXxZxlMAu2ANVYIMzUAfXoAGaAIN78AiewYvxYDwZr8bbpHTOKHp2wB8Y719ooKDH</latexit>

ds

dt
= f(s)

Global synchronisation :
<latexit sha1_base64="oKghIJ3kzpBy+XoyhfZ+zRVdu4s=">AAACJHicbVDJSgNBEO1xjXGLevTSGIQEQpgRN5BA0IvHCGaBTAw9nZ6kSc9id40YhnyMF3/FiwcXPHjxW+xJImjig4bXr+pRVc8JBVdgmp/G3PzC4tJyaiW9ura+sZnZ2q6pIJKUVWkgAtlwiGKC+6wKHARrhJIRzxGs7vQvknr9jknFA/8aBiFreaTrc5dTAlpqZ85sj0DPceP74U2c4/lhDvKlH00lP2zfRqSDbTeQRAjMS1bB7gSgCtqdNYvmCHiWWBOSRRNU2pk37aSRx3yggijVtMwQWjGRwKlgw7QdKRYS2idd1tTUJx5TrXh05BDva6WD9Rb6+YBH6m9HTDylBp6jO5P11XQtEf+rNSNwT1sx98MImE/Hg9xIYAhwkhjucMkoiIEmhEqud8W0RyShoHNN6xCs6ZNnSe2gaB0Xj64Os+XzSRwptIv2UA5Z6ASV0SWqoCqi6AE9oRf0ajwaz8a78TFunTMmnh30B8bXN9BwpEc=</latexit>

x(i)(t) = s(t) 8i = 1, . . . , n

Does the whole system admit such (spatially) homogeneous solution?

Global Synchronisation on networks

Is it stable?
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Global Synchronisation: Pecora et al.
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limitation
<latexit sha1_base64="WxRC5H9J/NGzm7Fn2SzeVE0B7dU=">AAAB63icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYnnWTIzOw6MyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrjDnTxvO+ncLK6tr6RnGztLW9s7tX3j9o6ihRFBs04pFqh0QjZxIbhhmO7VghESHHVji+zfzWEyrNIvlgJjEGggwlGzBKTCZ1JT72yhWv6s3gLhM/JxXIUe+Vv7r9iCYCpaGcaN3xvdgEKVGGUY7TUjfRGBM6JkPsWCqJQB2ks1un7olV+u4gUrakcWfq74mUCK0nIrSdgpiRXvQy8T+vk5jBdZAyGScGJZ0vGiTcNZGbPe72mUJq+MQSQhWzt7p0RBShxsZTsiH4iy8vk+ZZ1b+sXtyfV2o3eRxFOIJjOAUfrqAGd1CHBlAYwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AEbTY5M</latexit>

6=
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Simplicial complexes

d-simplex = d+1 nodes 

(all linked together)

1-simplex = link
2-simplex = triangle

3-simplex = tetrahedron

0-simplex = node

Hypergraphs

hyperedge = set of nodes

Simplicial complexes and Hypergraphs



Simplicial

complexes
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Global Synchronisation : simplicial complexes

Single node

interaction

Pairwise

interaction

3-body

interaction

(D+1)-body

interaction
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Hypergraphs



www.unamur.be timoteo.carletti@unamur.be

Hypergraphs. Some definitions.

ensemble of nodes
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Hypergraphs. Some definitions.

hyperedges

ensemble of nodes

|E↵2 | = 3

<latexit sha1_base64="YlX7HzkwzecVWyOK5LkknHYZms8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuQpJGrAuhKILLCvYBbQiT6aQdOpmEmUmhpP0TNy4UceufuPNvnD4QtZ7LhcM59zJ3TpgyKpVtfxorq2vrG5uFreL2zu7evnlw2JBJJjCp44QlohUiSRjlpK6oYqSVCoLikJFmOLiZ+s0hEZIm/EGNUuLHqMdpRDFSWgpMc3wb5B3E0j4K3Mn4qhyYJdvyXM+tVKBtnZddXdCx7Bm+SQksUAvMj043wVlMuMIMSdl27FT5ORKKYkYmxU4mSYrwAPVIW1OOYiL9fHb5BJ5qpQujROjmCs7Unxs5iqUcxaGejJHqy7/eVPzPa2cqqvg55WmmCMfzh6KMQZXAaQywSwXBio00QVhQfSvEfSQQVjqsog5h6cvLpOFajmdd3nul6vUijgI4BifgDDjgAlTBHaiBOsBgCB7BM3gxcuPJeDXe5qMrxmLnCPyC8f4FVVSTfQ==</latexit>

|E↵1 | = 2

<latexit sha1_base64="DzJ3Zn9QV7efcmne2UaXK+8nxk4=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuQhJSrQuhKILLCvYBbQiT6aQdOpmEmUmhpP0TNy4UceufuPNvnD4QtR64cDjnXu69J0wZlcq2P42V1bX1jc3CVnF7Z3dv3zw4bMgkE5jUccIS0QqRJIxyUldUMdJKBUFxyEgzHNxM/eaQCEkT/qBGKfFj1OM0ohgpLQWmOb4N8g5iaR8FzmR85QZmybYqZdtzy1ATz3HPy9Cx7Bm+SQksUAvMj043wVlMuMIMSdl27FT5ORKKYkYmxU4mSYrwAPVIW1OOYiL9fHb5BJ5qpQujROjiCs7UnxM5iqUcxaHujJHqy7/eVPzPa2cqqvg55WmmCMfzRVHGoErgNAbYpYJgxUaaICyovhXiPhIIKx1WUYew9PIyabiW41mX916per2IowCOwQk4Aw64AFVwB2qgDjAYgkfwDF6M3HgyXo23eeuKsZg5Ar9gvH8BWAiTfw==</latexit>

|E↵3 | = 1

<latexit sha1_base64="de7UuOj6tN8PdqiLt9QCd5qgRYE=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFRJttVkIRRFcVrAPaEOYTCft0MkkzEwKJe2fuHGhiFv/xJ1/4/RBUdEDFw7n3Mu99wQJo1LZ9qeRW1ldW9/Ibxa2tnd298z9g4aMU4FJHccsFq0AScIoJ3VFFSOtRBAUBYw0g8HN1G8OiZA05g9qlBAvQj1OQ4qR0pJvmuNbP+sglvSRfz4ZXzm+WbQt162cuzZ0LHsGaFvlcsW9KC2VIlig5psfnW6M04hwhRmSsu3YifIyJBTFjEwKnVSSBOEB6pG2phxFRHrZ7PIJPNFKF4ax0MUVnKnfJzIUSTmKAt0ZIdWXv72p+JfXTlVY8TLKk1QRjueLwpRBFcNpDLBLBcGKjTRBWFB9K8R9JBBWOqyCDmH5+/+kcWY5Jcu9LxWr14s48uAIHINT4IBLUAV3oAbqAIMheATP4MXIjCfj1Xibt+aMxcwh+AHj/Qt9CJOZ</latexit>

=
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Hypergraphs. Some definitions.

|E↵2 | = 3

<latexit sha1_base64="YlX7HzkwzecVWyOK5LkknHYZms8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuQpJGrAuhKILLCvYBbQiT6aQdOpmEmUmhpP0TNy4UceufuPNvnD4QtZ7LhcM59zJ3TpgyKpVtfxorq2vrG5uFreL2zu7evnlw2JBJJjCp44QlohUiSRjlpK6oYqSVCoLikJFmOLiZ+s0hEZIm/EGNUuLHqMdpRDFSWgpMc3wb5B3E0j4K3Mn4qhyYJdvyXM+tVKBtnZddXdCx7Bm+SQksUAvMj043wVlMuMIMSdl27FT5ORKKYkYmxU4mSYrwAPVIW1OOYiL9fHb5BJ5qpQujROjmCs7Unxs5iqUcxaGejJHqy7/eVPzPa2cqqvg55WmmCMfzh6KMQZXAaQywSwXBio00QVhQfSvEfSQQVjqsog5h6cvLpOFajmdd3nul6vUijgI4BifgDDjgAlTBHaiBOsBgCB7BM3gxcuPJeDXe5qMrxmLnCPyC8f4FVVSTfQ==</latexit>

|E↵1 | = 2

<latexit sha1_base64="DzJ3Zn9QV7efcmne2UaXK+8nxk4=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuQhJSrQuhKILLCvYBbQiT6aQdOpmEmUmhpP0TNy4UceufuPNvnD4QtR64cDjnXu69J0wZlcq2P42V1bX1jc3CVnF7Z3dv3zw4bMgkE5jUccIS0QqRJIxyUldUMdJKBUFxyEgzHNxM/eaQCEkT/qBGKfFj1OM0ohgpLQWmOb4N8g5iaR8FzmR85QZmybYqZdtzy1ATz3HPy9Cx7Bm+SQksUAvMj043wVlMuMIMSdl27FT5ORKKYkYmxU4mSYrwAPVIW1OOYiL9fHb5BJ5qpQujROjiCs7UnxM5iqUcxaHujJHqy7/eVPzPa2cqqvg55WmmCMfzRVHGoErgNAbYpYJgxUaaICyovhXiPhIIKx1WUYew9PIyabiW41mX916per2IowCOwQk4Aw64AFVwB2qgDjAYgkfwDF6M3HgyXo23eeuKsZg5Ar9gvH8BWAiTfw==</latexit>

|E↵3 | = 1

<latexit sha1_base64="de7UuOj6tN8PdqiLt9QCd5qgRYE=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFRJttVkIRRFcVrAPaEOYTCft0MkkzEwKJe2fuHGhiFv/xJ1/4/RBUdEDFw7n3Mu99wQJo1LZ9qeRW1ldW9/Ibxa2tnd298z9g4aMU4FJHccsFq0AScIoJ3VFFSOtRBAUBYw0g8HN1G8OiZA05g9qlBAvQj1OQ4qR0pJvmuNbP+sglvSRfz4ZXzm+WbQt162cuzZ0LHsGaFvlcsW9KC2VIlig5psfnW6M04hwhRmSsu3YifIyJBTFjEwKnVSSBOEB6pG2phxFRHrZ7PIJPNFKF4ax0MUVnKnfJzIUSTmKAt0ZIdWXv72p+JfXTlVY8TLKk1QRjueLwpRBFcNpDLBLBcGKjTRBWFB9K8R9JBBWOqyCDmH5+/+kcWY5Jcu9LxWr14s48uAIHINT4IBLUAV3oAbqAIMheATP4MXIjCfj1Xibt+aMxcwh+AHj/Qt9CJOZ</latexit>

Incidence matrix

ei↵ = 1 i↵ i 2 E↵

<latexit sha1_base64="Wt2SrdHRsPMtVw5Gb4iU4bxXF+4=">AAACF3icbVDLattAFB2laZu6LzVdZjPELnRlpGJIuwiYhkCXCdQPsIy4Gl/Zg0cjdeaqxAj/RTb5lW6yaAnZJrv+TcePRWL3wMDhnHO5c09SKGkpCP56O092nz57vvei9vLV6zdv/Xf7XZuXRmBH5Co3/QQsKqmxQ5IU9guDkCUKe8n0ZOH3fqKxMtffaVbgMIOxlqkUQE6K/SbGlYxAFROYH4c8+lHCKCK8oEqmKecNGUnNT+NVojGP/XrQDJbg2yRckzpb4yz276NRLsoMNQkF1g7CoKBhBYakUDivRaXFAsQUxjhwVEOGdlgt75rzD04Z8TQ37mniS/XhRAWZtbMscckMaGI3vYX4P29QUvp5WEldlIRarBalpeKU80VJfCQNClIzR0AY6f7KxQQMCHJV1lwJ4ebJ26T7qRm2ml/OW/X213Ude+yAHbKPLGRHrM2+sTPWYYJdsl/sN/vjXXnX3o13u4rueOuZ9+wRvLt/B9ifNw==</latexit>

A = eeT

<latexit sha1_base64="RAa2iUqgwIojSUvEnCnLrRzAjRg=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwVRIpqAuh6sZlhb6gjWUyvWmHziRhZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8SJGpbLtb6Owsrq2vlHcLG1t7+zumeX9tgxjQaBFQhaKroclMBpAS1HFoBsJwNxj0PEmN5nfeQAhaRg01TQCl+NRQH1KsNLSwCxfXQLcJ32O1VjwpJmmA7NiV+0ZrGXi5KSCcjQG5ld/GJKYQ6AIw1L2HDtSboKFooRBWurHEiJMJngEPU0DzEG6ySx6ah1rZWj5odAvUNZM/b2RYC7llHt6MosoF71M/M/rxco/dxMaRLGCgMwP+TGzVGhlPVhDKoAoNtUEE0F1VouMscBE6bZKugRn8cvLpH1adWrVi7tapX6d11FEh+gInSAHnaE6ukUN1EIEPaJn9IrejCfjxXg3PuajBSPfOUB/YHz+AIBrlDA=</latexit>

Hyperadjacency  matrix Hyperedge  matrix

C = eTe

<latexit sha1_base64="4xb4vPtRxvzt7bnv3QypXKxwBfU=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwVRIpqAuh2I3LCn1BG8tketMOnUzCzEQpMZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z40WMSmXb30ZhbX1jc6u4XdrZ3ds/MMuHHRnGgkCbhCwUPQ9LYJRDW1HFoBcJwIHHoOtNG5nffQAhachbahaBG+Axpz4lWGlpaJYb13CfDAKsJiJIWmkKQ7NiV+05rFXi5KSCcjSH5tdgFJI4AK4Iw1L2HTtSboKFooRBWhrEEiJMpngMfU05DkC6yTx6ap1qZWT5odCPK2uu/t5IcCDlLPD0ZJZRLnuZ+J/Xj5V/6SaUR7ECThaH/JhZKrSyHqwRFUAUm2mCiaA6q0UmWGCidFslXYKz/OVV0jmvOrXq1V2tUr/J6yiiY3SCzpCDLlAd3aImaiOCHtEzekVvxpPxYrwbH4vRgpHvHKE/MD5/AIP5lDI=</latexit>

hyperedges

ensemble of nodes
=
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Hyperedge Mean Field

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i
<latexit sha1_base64="SXAy3Gk/3LCEasg5O6q00Ji0rjU=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ09iJsktKILHiGaBZAg9nU7SpGehu0cIQz7BiwdFvPpF3vwbO4ugog8KHu9VUVXPjwVXGuMPa2V1bX1jM7OV3d7Z3dvPHRw2VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8781j2TikfhnZ7EzAvIMOQDTok20u1Vz+nl8tguO24BVxG2q6VKsYQNcStFF5eRY+M58rBEvZd77/YjmgQs1FQQpToOjrWXEqk5FWya7SaKxYSOyZB1DA1JwJSXzk+dolOj9NEgkqZCjebq94mUBEpNAt90BkSP1G9vJv7ldRI9qHgpD+NEs5AuFg0SgXSEZn+jPpeMajExhFDJza2IjogkVJt0siaEr0/R/6RZsB3XLt2c52sXyzgycAwncAYOlKEG11CHBlAYwgM8wbMlrEfrxXpdtK5Yy5kj+AHr7RM8NY3M</latexit>

E1

<latexit sha1_base64="3fMHrAXR6SO7OyA2HRILgMfhGPk=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZGs8wtKILHiGaBZAg9nZ6kSc9Cd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqqen3AmlWV9GLmV1bX1jfxmYWt7Z3evuH/QknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/fDnz2/dUSBZHd2qSUC/Ew4gFjGClpdurvtMvliyz4jjVszLSpOZarquJW63Zlo1s05qjBEs0+sX33iAmaUgjRTiWsmtbifIyLBQjnE4LvVTSBJMxHtKuphEOqfSy+alTdKKVAQpioStSaK5+n8hwKOUk9HVniNVI/vZm4l9eN1VBzctYlKSKRmSxKEg5UjGa/Y0GTFCi+EQTTATTtyIywgITpdMp6BC+PkX/k5Zj2hWzfHNeql8s48jDERzDKdhQhTpcQwOaQGAID/AEzwY3Ho0X43XRmjOWM4fwA8bbJ0f7jdQ=</latexit>

E2

<latexit sha1_base64="J/6ikWAtwibr82tvU1rMQ4Je+YQ=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0ziZJJbUASPEc0CyRB6Oj1Jk56F7h4hDPkELx4U8eoXefNv7CyCij4oeLxXRVU9P+FMKsv6MFZW19Y3NnNb+e2d3b39wsFhS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb98eXMb99TIVkc3alJQr0QDyMWMIKVlm6v+uV+oWiZVbfqlGxkmZVS2XXKmji1mluzkG1acxRhiUa/8N4bxCQNaaQIx1J2bStRXoaFYoTTab6XSppgMsZD2tU0wiGVXjY/dYpOtTJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh6GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0Onkdwten6H/SKpl2xXRuzov1i2UcOTiGEzgDG1yowzU0oAkEhvAAT/BscOPReDFeF60rxnLmCH7AePsETxeN2Q==</latexit>

E3

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

<latexit sha1_base64="AFMgG6TD9QQvtqcxmhOiKA8r0P8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjRPCBZwuxkNhkzO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3n7g2IlYPOEq4H9G+EqFgFK10/9j1uqWyW3GnIIvEy0kZctS6pa9OL2ZpxBUySY1pe26CfkY1Cib5uNhJDU8oG9I+b1uqaMSNn01PHZNjq/RIGGtbCslU/T2R0ciYURTYzojiwMx7E/E/r51ieOVnQiUpcsVmi8JUEozJ5G/SE5ozlCNLKNPC3krYgGrK0KZTtCF48y8vksZpxbuonN+dlavXeRwFOIQjOAEPLqEKt1CDOjDowzO8wpsjnRfn3fmYtS45+cwB/IHz+QP5jY2c</latexit>

j1
<latexit sha1_base64="UYSwHtgmWB3mQEZPbw3oLSXRozo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0eM8khgQ2aHAUZmZzczvSZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriKUw6LrfTm5ldW19I79Z2Nre2d0r7h80TJRoxusskpFuBdRwKRSvo0DJW7HmNAwkbwajm6nffOLaiEg94DjmfkgHSvQFo2il+8dupVssuWV3BrJMvIyUIEOtW/zq9CKWhFwhk9SYtufG6KdUo2CSTwqdxPCYshEd8Laliobc+Ons1Ak5sUqP9CNtSyGZqb8nUhoaMw4D2xlSHJpFbyr+57UT7F/5qVBxglyx+aJ+IglGZPo36QnNGcqxJZRpYW8lbEg1ZWjTKdgQvMWXl0mjUvYuyud3Z6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8A+xGNnQ==</latexit>

j2
<latexit sha1_base64="SXAy3Gk/3LCEasg5O6q00Ji0rjU=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ09iJsktKILHiGaBZAg9nU7SpGehu0cIQz7BiwdFvPpF3vwbO4ugog8KHu9VUVXPjwVXGuMPa2V1bX1jM7OV3d7Z3dvPHRw2VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8781j2TikfhnZ7EzAvIMOQDTok20u1Vz+nl8tguO24BVxG2q6VKsYQNcStFF5eRY+M58rBEvZd77/YjmgQs1FQQpToOjrWXEqk5FWya7SaKxYSOyZB1DA1JwJSXzk+dolOj9NEgkqZCjebq94mUBEpNAt90BkSP1G9vJv7ldRI9qHgpD+NEs5AuFg0SgXSEZn+jPpeMajExhFDJza2IjogkVJt0siaEr0/R/6RZsB3XLt2c52sXyzgycAwncAYOlKEG11CHBlAYwgM8wbMlrEfrxXpdtK5Yy5kj+AHr7RM8NY3M</latexit>

E1

<latexit sha1_base64="3fMHrAXR6SO7OyA2HRILgMfhGPk=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZGs8wtKILHiGaBZAg9nZ6kSc9Cd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqqen3AmlWV9GLmV1bX1jfxmYWt7Z3evuH/QknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/fDnz2/dUSBZHd2qSUC/Ew4gFjGClpdurvtMvliyz4jjVszLSpOZarquJW63Zlo1s05qjBEs0+sX33iAmaUgjRTiWsmtbifIyLBQjnE4LvVTSBJMxHtKuphEOqfSy+alTdKKVAQpioStSaK5+n8hwKOUk9HVniNVI/vZm4l9eN1VBzctYlKSKRmSxKEg5UjGa/Y0GTFCi+EQTTATTtyIywgITpdMp6BC+PkX/k5Zj2hWzfHNeql8s48jDERzDKdhQhTpcQwOaQGAID/AEzwY3Ho0X43XRmjOWM4fwA8bbJ0f7jdQ=</latexit>

E2

<latexit sha1_base64="J/6ikWAtwibr82tvU1rMQ4Je+YQ=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0ziZJJbUASPEc0CyRB6Oj1Jk56F7h4hDPkELx4U8eoXefNv7CyCij4oeLxXRVU9P+FMKsv6MFZW19Y3NnNb+e2d3b39wsFhS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb98eXMb99TIVkc3alJQr0QDyMWMIKVlm6v+uV+oWiZVbfqlGxkmZVS2XXKmji1mluzkG1acxRhiUa/8N4bxCQNaaQIx1J2bStRXoaFYoTTab6XSppgMsZD2tU0wiGVXjY/dYpOtTJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh6GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0Onkdwten6H/SKpl2xXRuzov1i2UcOTiGEzgDG1yowzU0oAkEhvAAT/BscOPReDFeF60rxnLmCH7AePsETxeN2Q==</latexit>

E3

<latexit sha1_base64="+mhb7jXGX4EjcstskaHAKN3nwts=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadnVmOgt6MVjFBMDyRJmJ7PJkJnZZWZWCEv+wIsHRbz6R978GycPwWdBQ1HVTXdXmHCmjee9O7mFxaXllfxqYW19Y3OruL3T1HGqCG2QmMeqFWJNOZO0YZjhtJUoikXI6W04vJj4t3dUaRbLGzNKaCBwX7KIEWysdN3JusWS55YrVf/sGP0mvutNUYI56t3iW6cXk1RQaQjHWrd9LzFBhpVhhNNxoZNqmmAyxH3atlRiQXWQTS8dowOr9FAUK1vSoKn6dSLDQuuRCG2nwGagf3oT8S+vnZroNMiYTFJDJZktilKOTIwmb6MeU5QYPrIEE8XsrYgMsMLE2HAKNoTPT9H/pHnk+hX35Kpcqp3P48jDHuzDIfhQhRpcQh0aQCCCe3iEJ2foPDjPzsusNefMZ3bhG5zXDyEXjck=</latexit>

{

hyperedge 
size

i n c i d e n c e 
matrices

kH
ij

=
X

↵

(C↵↵ � 1)⌧ei↵ej↵

<latexit sha1_base64="ovKMq3hgRWC5ydr9boi7A35ggwM="></latexit>

non-linearity
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Global Synchronisation : hypergraphs

<latexit sha1_base64="P0adZbsyMh+7RsOpJnnRy739bo0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA7mU3GzO4sM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUM15nSirdCqjhUsS8jgIlbyWa0yiQvBkMbyd+84lrI1T8gKOE+xHtxyIUjKKVGh2k6bXXLZXdijsFWSReTsqQo9YtfXV6iqURj5FJakzbcxP0M6pRMMnHxU5qeELZkPZ529KYRtz42fTaMTm2So+EStuKkUzV3xMZjYwZRYHtjCgOzLw3Ef/z2imGV34m4iRFHrPZojCVBBWZvE56QnOGcmQJZVrYWwkbUE0Z2oCKNgRv/uVF0jiteBeV8/uzcvUmj6MAh3AEJ+DBJVThDmpQBwaP8Ayv8OYo58V5dz5mrUtOPnMAf+B8/gAYk47U</latexit>

⌧ = 1

Higher-order Laplace matrix
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Global Synchronisation : hypergraphs

Reference orbit                 solution of
<latexit sha1_base64="kFeE1c6b/vNNIRzLUCvCubAYERU=">AAAB9HicbVDLSsNAFL3xWeur6tJNsAh1UxLxtSy6cVnBPqANZTKdtEMnkzhzUyih3+HGhSJu/Rh3/o2TNgttPTBwOOde7pnjx4JrdJxva2V1bX1js7BV3N7Z3dsvHRw2dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mju8xvjZnSPJKPOImZF5KB5AGnBI3kdUOCQz9I9bSCZ71S2ak6M9jLxM1JGXLUe6Wvbj+iScgkUkG07rhOjF5KFHIq2LTYTTSLCR2RAesYKknItJfOQk/tU6P07SBS5km0Z+rvjZSEWk9C30xmIfWil4n/eZ0Egxsv5TJOkEk6PxQkwsbIzhqw+1wximJiCKGKm6w2HRJFKJqeiqYEd/HLy6R5XnWvqpcPF+XabV5HAY7hBCrgwjXU4B7q0AAKT/AMr/Bmja0X6936mI+uWPnOEfyB9fkDn+mSBA==</latexit>

s(t)
<latexit sha1_base64="TNClXoFnqG204hK0B0glzgONX8k=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoC0sivjZCURCXFewDmlImk0k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZJG1FbDwycOede7r3HjRiVyrI+jcLc/MLiUnG5tLK6tr5hbm41ZRgLTBo4ZKFou0gSRjlpKKoYaUeCoMBlpOUOLzO/dUeEpCG/VaOIdAPU59SnGCkt9cwDxxcIJ54TIDVw/USmaeKp9Pz7f5VWfqz9nlm2qtYYcJbYOSmDHPWe+eF4IY4DwhVmSMqObUWqmyChKGYkLTmxJBHCQ9QnHU05CojsJuOzUrinFQ/6odCPKzhWf3ckKJByFLi6MltRTnuZ+J/XiZV/1k0oj2JFOJ4M8mMGVQizjKBHBcGKjTRBWFC9K8QDpHNSOsmSDsGePnmWNA+r9kn1+OaoXLvI4yiCHbALKsAGp6AGrkEdNAAG9+ARPIMX48F4Ml6Nt0lpwch7tsEfGO9fNoCgpw==</latexit>

ds

dt
= F(s)

is a solution of the coupled system

<latexit sha1_base64="ptJhieWrfKrfObgbKrxiVtNZLss=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCWI14JUwdKBoUj0IbUhclyndWs7ke2AqtBPYWEAIVa+hI2/wW0zQMuRrnR0zr26954gZlRpx/m2ckvLK6tr+fXCxubW9o5d3G2oKJGY1HHEItkKkCKMClLXVDPSiiVBPGCkGQyvJ37zgUhFI3GnRzHxOOoJGlKMtJF8u9hRCfcH8MZP6WB8X710fLvklJ0p4CJxM1ICGWq+/dXpRjjhRGjMkFJt14m1lyKpKWZkXOgkisQID1GPtA0ViBPlpdPTx/DQKF0YRtKU0HCq/p5IEVdqxAPTyZHuq3lvIv7ntRMdXngpFXGiicCzRWHCoI7gJAfYpZJgzUaGICypuRXiPpIIa5NWwYTgzr+8SBrHZfesfHp7UqpcZXHkwT44AEfABeegAqqgBuoAg0fwDF7Bm/VkvVjv1sesNWdlM3vgD6zPH3yOk4I=</latexit>X

j

LH

ij
= 0

<latexit sha1_base64="oKghIJ3kzpBy+XoyhfZ+zRVdu4s=">AAACJHicbVDJSgNBEO1xjXGLevTSGIQEQpgRN5BA0IvHCGaBTAw9nZ6kSc9id40YhnyMF3/FiwcXPHjxW+xJImjig4bXr+pRVc8JBVdgmp/G3PzC4tJyaiW9ura+sZnZ2q6pIJKUVWkgAtlwiGKC+6wKHARrhJIRzxGs7vQvknr9jknFA/8aBiFreaTrc5dTAlpqZ85sj0DPceP74U2c4/lhDvKlH00lP2zfRqSDbTeQRAjMS1bB7gSgCtqdNYvmCHiWWBOSRRNU2pk37aSRx3yggijVtMwQWjGRwKlgw7QdKRYS2idd1tTUJx5TrXh05BDva6WD9Rb6+YBH6m9HTDylBp6jO5P11XQtEf+rNSNwT1sx98MImE/Hg9xIYAhwkhjucMkoiIEmhEqud8W0RyShoHNN6xCs6ZNnSe2gaB0Xj64Os+XzSRwptIv2UA5Z6ASV0SWqoCqi6AE9oRf0ajwaz8a78TFunTMmnh30B8bXN9BwpEc=</latexit>

x(i)(t) = s(t) 8i = 1, . . . , n

Is it stable?

Linearize :
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Global Synchronisation : hypergraphs

<latexit sha1_base64="70ZwR1oodwhVa5pVu1ajI7KF9Yg=">AAACJ3icbVDLSgMxFM34rPVVdekmWIS6KTPia6MU3XTRRQX7gE5b7qSZNjTzIMkIZejfuPFX3Agqokv/xEw7i9p6IHA499wk5zghZ1KZ5rextLyyurae2chubm3v7Ob29usyiAShNRLwQDQdkJQzn9YUU5w2Q0HBczhtOMO7ZN54pEKywH9Qo5C2Pej7zGUElJa6uRvbAzVw3Lgy7pSxHQ5YJy7YwMMBnIyv7Yq+qQcz0pyjm8ubRXMCvEislORRimo392b3AhJ51FeEg5QtywxVOwahGOF0nLUjSUMgQ+jTlqY+eFS240nOMT7WSg+7gdDHV3iizm7E4Ek58hztTFLJ+Vki/jdrRcq9asfMDyNFfTJ9yI04VgFOSsM9JihRfKQJEMH0XzEZgACidLVZXYI1H3mR1E+L1kXx/P4sX7pN68igQ3SECshCl6iEyqiKaoigJ/SC3tGH8Wy8Gp/G19S6ZKQ7B+gPjJ9fM9ymKA==</latexit>

LH�(↵) = ⇤(↵)�(↵)
<latexit sha1_base64="HM2B7os7DXKIofdzBO0zyc4x084=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIdVNmpKgboejGhYsK9gHtWDKZtA3NZIYkI9ShX+LGhSJu/RR3/o1pOwttPRA4nHMu9+b4MWdKO863lVtZXVvfyG8WtrZ3dov23n5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oeuq3HqlULBL3ehxTL8QDwfqMYG2knl3s3ppwgB/SsnsyuXR6dsmpODOgZeJmpAQZ6j37qxtEJAmp0IRjpTquE2svxVIzwumk0E0UjTEZ4QHtGCpwSJWXzg6foGOjBKgfSfOERjP190SKQ6XGoW+SIdZDtehNxf+8TqL7F17KRJxoKsh8UT/hSEdo2gIKmKRE87EhmEhmbkVkiCUm2nRVMCW4i19eJs3TintWqd5VS7WrrI48HMIRlMGFc6jBDdShAQQSeIZXeLOerBfr3fqYR3NWNnMAf2B9/gA8eZIs</latexit>

⇤(1) = 0
<latexit sha1_base64="/FxgFK0iqf0ehJil4ESRGP8k7+Q=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSK0UmoiRd0IRTcuK9gHNG2ZTKft0MkkztwUSsg/uPFX3LhQxK0bd/6N08dCqwcuHM65d+be44WcKbDtLyO1tLyyupZez2xsbm3vmLt7NRVEktAqCXggGx5WlDNBq8CA00YoKfY9Tuve8Hri10dUKhaIOxiHtOXjvmA9RjBoqWMeuyNKYjccsKQd55x8cplzCm43AFVw8m0XgvDEVfcSYpF0zKxdtKew/hJnTrJojkrH/NQPkcinAgjHSjUdO4RWjCUwwmmScSNFQ0yGuE+bmgrsU9WKpzcl1pFWulYvkLoEWFP150SMfaXGvqc7fQwDtehNxP+8ZgS9i1bMRBgBFWT2US/iFgTWJCCryyQlwMeaYCKZ3tUiAywxAR1jRofgLJ78l9ROi85ZsXRbypav5nGk0QE6RDnkoHNURjeogqqIoAf0hF7Qq/FoPBtvxvusNWXMZ/bRLxgf39EBnYU=</latexit>

~�(1) = (1, . . . , 1)>/
p
n

<latexit sha1_base64="VwddwR0koCTKGOR2JMqUP+nuuzo=">AAACNnicbVC7SgRBEJz17fk6NTQZPARNjl3xlQiiiYmg4Klwex69s73e4OyDmV7hWParTPwOMxMDRUz9BOcegXoWDBRV3fRUBZmShlz3xRkbn5icmp6ZrczNLywuVZdXrkyaa4ENkapU3wRgUMkEGyRJ4U2mEeJA4XVwf9Lzrx9QG5kml9TNsBXDXSIjKYCs1K6e+TFQJ4gKP+vI8rbY9EFlHdgqfRGmxEfcAMma/JD7ISqCdjGY532jbFdrbt3tg48Sb0hqbIjzdvXZD1ORx5iQUGBM03MzahWgSQqFZcXPDWYg7uEOm5YmEKNpFf3YJd+wSsijVNuXEO+rPzcKiI3pxoGd7MUwf72e+J/XzCk6aBUyyXLCRAwORbnilPJehzyUGgWpriUgtLR/5aIDGgTZpiu2BO9v5FFytV339uq7Fzu1o+NhHTNsja2zTeaxfXbETtk5azDBHtkLe2PvzpPz6nw4n4PRMWe4s8p+wfn6BolKrP8=</latexit>

�(↵) · �(�) = �↵�
<latexit sha1_base64="yVIRqOYGiqd0xbMVoE4WRsxQp98=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr5UU3bhwUcE+oInlZjJph04ezEyEGoq/4saFIm79D3f+jdM2C209MHA451zuneMlnEllWd/G3PzC4tJyYaW4ura+sWlubTdknApC6yTmsWh5IClnEa0rpjhtJYJC6HHa9PpXI7/5QIVkcXSnBgl1Q+hGLGAElJY65q5zo8M+3GdlB3jSg8PhhdUxS1bFGgPPEjsnJZSj1jG/HD8maUgjRThI2batRLkZCMUIp8Oik0qaAOlDl7Y1jSCk0s3G1w/xgVZ8HMRCv0jhsfp7IoNQykHo6WQIqienvZH4n9dOVXDuZixKUkUjMlkUpByrGI+qwD4TlCg+0ASIYPpWTHoggChdWFGXYE9/eZY0jir2aeXk9rhUvczrKKA9tI/KyEZnqIquUQ3VEUGP6Bm9ojfjyXgx3o2PSXTOyGd20B8Ynz9rNZSR</latexit>

⇤(↵) > 0
<latexit sha1_base64="Sr3MNwZnynN0FjVJRiNvpj6PA3E=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwC2SGUNPpSZr0LOnuCYQh3+HFgyJe/Rhv/o2dZA6a+KDg8V4VVfX8RHClbfvbWlvf2NzaLuwUd/f2Dw5LR8dNFaeSsgaNRSzbPiomeMQammvB2olkGPqCtfzh/cxvjZlUPI6e9CRhXoj9iAecojaS56JIBkjcPhuRardUtiv2HGSVODkpQ456t/Tl9mKahizSVKBSHcdOtJeh1JwKNi26qWIJ0iH2WcfQCEOmvGx+9JScG6VHgliaijSZq78nMgyVmoS+6QxRD9SyNxP/8zqpDm69jEdJqllEF4uCVBAdk1kCpMclo1pMDEEqubmV0AFKpNrkVDQhOMsvr5JmteJcV64eL8u1uzyOApzCGVyAAzdQgweoQwMojOAZXuHNGlsv1rv1sWhds/KZE/gD6/MHwVyRcw==</latexit>

↵ � 2

<latexit sha1_base64="7mdc8mN8Dz/hiwxkM6zYjz6X2Uo="></latexit>

�x(i) =
X

↵

�x↵�
(↵)
i

<latexit sha1_base64="VVlO+vZ7/RXDI1ipJ5H1Xy8TnRA="></latexit>

d�x↵

dt
= DF(s(t))�x↵ � "⇤(↵)DG(s(t))�x↵
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Global Synchronisation : hypergraphs

<latexit sha1_base64="rllLDiAh3hpK77wWFIvB4k5GGLk="></latexit>

J↵(t) = DF(s(t))� "⇤(↵)DG(s(t))

<latexit sha1_base64="m5G62uKX8LnITFmEJ6/UHgGzb+8=">AAACE3icbVC7TsMwFHXKq5RXgJElokJqGaoE8VqQKlgYGIpEH1ITohvHba06D9kOUhX1H1j4FRYGEGJlYeNvcNMM0HIly8fnnKvre7yYUSFN81srLCwuLa8UV0tr6xubW/r2TktECcekiSMW8Y4HgjAakqakkpFOzAkEHiNtb3g10dsPhAsahXdyFBMngH5IexSDVJSrH9pMmX1wbWDxAC7yZ8W+ye77tDIVquOqq5fNmpmVMQ+sHJRRXg1X/7L9CCcBCSVmIETXMmPppMAlxYyMS3YiSAx4CH3SVTCEgAgnzXYaGweK8Y1exNUJpZGxvztSCIQYBZ5yBiAHYlabkP9p3UT2zp2UhnEiSYing3oJM2RkTAIyfMoJlmykAGBO1V8NPAAOWKoYSyoEa3bledA6qlmntZPb43L9Mo+jiPbQPqogC52hOrpGDdREGD2iZ/SK3rQn7UV71z6m1oKW9+yiP6V9/gBIMp3I</latexit>

�↵ = �(⇤(↵))
Lyapunov exponent /

Floquet exponent/

Real part of eigenvalues

Master 

Stability 

Function

if                                 then synchronisation        
<latexit sha1_base64="uXuH2+EzFTc5q9RATUzMR9MHT/I=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTia+Gi6MZlBfuAJoSbybQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2npg4HDOudw7J0w5U9pxvq3Syura+kZ5s7K1vbO7Z+9X2yrJJKEtkvBEdkNQlDNBW5ppTruppBCHnHbC0e3U7zxSqVgiHvQ4pX4MA8H6jIA2UmBXPW7CEQQe8HQI+Bo7gV1z6s4MeJm4BamhAs3A/vKihGQxFZpwUKrnOqn2c5CaEU4nFS9TNAUyggHtGSogpsrPZ7dP8LFRItxPpHlC45n6eyKHWKlxHJpkDHqoFr2p+J/Xy3T/ys+ZSDNNBZkv6mcc6wRPi8ARk5RoPjYEiGTmVkyGIIFoU1fFlOAufnmZtE/r7kX9/P6s1rgp6iijQ3SETpCLLlED3aEmaiGCntAzekVv1sR6sd6tj3m0ZBUzB+gPrM8fsqOTkw==</latexit>

�↵ < 0
<latexit sha1_base64="ewkdkTqqnYu5YW3wkf8qpXapVUM=">AAAB/nicbVDJSgNBFOxxjXEbFU9eGoPgKcwEt2PQi8cIZoFMCG86b5ImPYvdPUIYAv6KFw+KePU7vPk3dpI5aGJBQ1H1Hq+6/ERwpR3n21paXlldWy9sFDe3tnd27b39hopTybDOYhHLlg8KBY+wrrkW2EokQugLbPrDm4nffESpeBzd61GCnRD6EQ84A22krn3oBbEEIagHIhkA9fr4QCtdu+SUnSnoInFzUiI5al37y+vFLA0x0kyAUm3XSXQnA6k5EzgueqnCBNgQ+tg2NIIQVSebxh/TE6P0qMlhXqTpVP29kUGo1Cj0zWQIeqDmvYn4n9dOdXDVyXiUpBojNjsUpILqmE66oD0ukWkxMgSY5CYrZQOQwLRprGhKcOe/vEgalbJ7UT6/OytVr/M6CuSIHJNT4pJLUiW3pEbqhJGMPJNX8mY9WS/Wu/UxG12y8p0D8gfW5w8aSpTw</latexit>

8↵ � 2

if                                then desynchronisation        
<latexit sha1_base64="8LKUuOpcD43VGctMc8M5bcvL1dQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTiayVFNy4r2Ac0IdxMpu3QySTMTMQS+ituXCji1h9x5984bbPQ1gMDh3PO5d45YcqZ0o7zbZVWVtfWN8qbla3tnd09e7/aVkkmCW2RhCeyG4KinAna0kxz2k0lhTjktBOObqd+55FKxRLxoMcp9WMYCNZnBLSRArvqcROOIPCAp0PA19gJ7JpTd2bAy8QtSA0VaAb2lxclJIup0ISDUj3XSbWfg9SMcDqpeJmiKZARDGjPUAExVX4+u32Cj40S4X4izRMaz9TfEznESo3j0CRj0EO16E3F/7xepvtXfs5EmmkqyHxRP+NYJ3haBI6YpETzsSFAJDO3YjIECUSbuiqmBHfxy8ukfVp3L+rn92e1xk1RRxkdoiN0glx0iRroDjVRCxH0hJ7RK3qzJtaL9W59zKMlq5g5QH9gff4Ata+TlQ==</latexit>

�↵ > 0
<latexit sha1_base64="PJtPemSjey/amtDWiKjQcVe1wrU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpvpZFNy4r2Ac0oUymN+3QySTOTMQSCv6KGxeKuPU73Pk3TtsstPXAhcM593LvPUHCmdKO820VlpZXVteK66WNza3tHXt3r6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC4fXEbz2AVCwWd3qUgB+RvmAho0QbqWsfePBotijsEZ4MCPb6cI+rXbvsVJwp8CJxc1JGOepd+8vrxTSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx1BBIlB+Nj1/jI+N0sNhLE0Jjafq74mMREqNosB0RkQP1Lw3Ef/zOqkOL/2MiSTVIOhsUZhyrGM8yQL3mASq+cgQQiUzt2I6IJJQbRIrmRDc+ZcXSbNacc8rZ7en5dpVHkcRHaIjdIJcdIFq6AbVUQNRlKFn9IrerCfrxXq3PmatBSuf2Ud/YH3+AEy6lRA=</latexit>

9↵ � 2
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Stuart - Landau oscillator
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Global Topological Synchronisation
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<latexit sha1_base64="m2kK2uABlA/K1y+uR2WfO2YUVKY=">AAACOnicbVDLSsNAFJ3UV62vqEs3g0UQCiURXxuh1I0LFy3YBzSxTKaTdsjkwcxEKKHf5cavcOfCjQtF3PoBTtIItfXCwDnn3sPce5yIUSEN40UrLC2vrK4V10sbm1vbO/ruXluEMcekhUMW8q6DBGE0IC1JJSPdiBPkO4x0HO867XceCBc0DO7kOCK2j4YBdSlGUkl9vWn5SI4cN7md9L2rX1JX5N6SYQRnlcoMSbyKOZnnmaWvl42qkRVcBGYOyiCvRl9/tgYhjn0SSMyQED3TiKSdIC4pZmRSsmJBIoQ9NCQ9BQPkE2En2ekTeKSUAXRDrl4gYabOOhLkCzH2HTWZLivme6n4X68XS/fSTmgQxZIEePqRGzMoQ5jmCAeUEyzZWAGEOVW7QjxCHGGp0i6pEMz5kxdB+6RqnlfPmqflWj2PowgOwCE4Bia4ADVwAxqgBTB4BK/gHXxoT9qb9ql9TUcLWu7ZB39K+/4B6dqvTQ==</latexit>

Lk = B>
k Bk +Bk+1B

>
k+1

<latexit sha1_base64="suIT37/lIlLs5ha1BBiGgRtn+qg=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgxpKIr2WpGzeWCvYBTQyT6aQdMpmEmYlQQr7Ajb/ixoUibl2782+ctllo64ELh3Pu5d57vJhRqUzz2ygsLa+srhXXSxubW9s75d29jowSgUkbRywSPQ9JwignbUUVI71YEBR6jHS94Gridx+IkDTid2ocEydEQ059ipHSkluu2iFSI89PG5kb2JTDm/u06abBsZXZioZEwqYbZG65YtbMKeAisXJSATlabvnLHkQ4CQlXmCEp+5YZKydFQlHMSFayE0lihAM0JH1NOdKbnHT6TgarWhlAPxK6uIJT9fdEikIpx6GnOyfHy3lvIv7n9RPlXzop5XGiCMezRX7CoIrgJBs4oIJgxcaaICyovhXiERIIK51gSYdgzb+8SDonNeu8dnZ7Wqk38jiK4AAcgiNggQtQB9egBdoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPH/wunBM=</latexit>

Bk 2 MNk�1⇥Nk

Hodge Laplace matrix

<latexit sha1_base64="L/uB/RAP5wjiPGmET5e6SHbM8Nw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQoZREfG2EohuXFewD0hgm00k7ZCYJMxOhhO7c+CtuXCji1l9w5984bbPQ1gMDh3Pu4c49fsKoVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUYNLEMYtFx0eSMBqRpqKKkU4iCOI+I20/vB777QciJI2jOzVMiMtRP6IBxUhpyTP3u5L2OfLofVYJj0aXDvWsarcXK1mlXuh6ZtmqWRPAeWLnpAxyNDzzS4dxykmkMENSOraVKDdDQlHMyKjUTSVJEA5RnziaRogT6WaTO0bwUCs9GMRCv0jBifo7kSEu5ZD7epIjNZCz3lj8z3NSFVy4GY2SVJEITxcFKYMqhuNSYI8KghUbaoKwoPqvEA+QQFjp6kq6BHv25HnSOq7ZZ7XT25Ny/Sqvowj2wAGoABucgzq4AQ3QBBg8gmfwCt6MJ+PFeDc+pqMFI8/sgj8wPn8A6eqYtg==</latexit>

�(k)
i = [i0, . . . , ik]

<latexit sha1_base64="fZlFW4+knagCuE5s55W+y7arCuA="></latexit>

Bk(�
(k�1)
i ,�(k)

j ) = �1 if �(k�1)
i 6⇠ �(k)

j

<latexit sha1_base64="p99X+VG6H5SVBGeqVDFuM8qXQJ4="></latexit>

Bk(�
(k�1)
i ,�(k)

j ) = 1 if �(k�1)
i ⇠ �(k)

j

<latexit sha1_base64="xS0wtDs9SFh53L6rRyWgG0Z8oTk="></latexit>

Bk(�
(k�1)
i ,�(k)

j ) = 0 otherwiseIncidence matrix

Simplicial complex
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Incidence matrices

Simplicial complex: an example
<latexit sha1_base64="nE6XLCLjOY+IYz1ou5ligYq6Jk8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDC1CRSlJwcdGKLpxWcE+IIlhMp3WoZNJmJkIIRTc+Ad+gxsXirj1J9z1b5w+Ftp64MLhnHu5954gZlQqyxoauYXFpeWV/GphbX1jc8vc3mnKKBGYNHDEItEOkCSMctJQVDHSjgVBYcBIK+hfjfzWAxGSRvxWpTHxQtTjtEsxUlryzT1X0l6I7rJy9XBw4VDfOqa+ravq+WbJqlhjwHliT0mpVnSPnoe1tO6b324nwklIuMIMSenYVqy8DAlFMSODgptIEiPcRz3iaMpRSKSXjX8YwAOtdGA3Erq4gmP190SGQinTMNCdIVL3ctYbif95TqK6515GeZwowvFkUTdhUEVwFAjsUEGwYqkmCAuqb4X4HgmElY6toEOwZ1+eJ81qxT6tnNzoNC7BBHmwD4qgDGxwBmrgGtRBA2DwCF7AG3g3noxX48P4nLTmjOnMLvgD4+sHtKWZQg==</latexit>

�(2) = [i0, i1, i2]
<latexit sha1_base64="yFXMrQjzuOIAzxvQP7jHmrorUP4=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJwcumWHTjsqK9QBvKZDpph04mYWYilNBHcONCEZf6Lu7diG/j9LLQ1h8GPv7/HOacEyScKe2631ZuaXlldS2/bm9sbm3vOLt7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0Eg6tx3rinUrFY3OlhQv0I9wQLGcHaWLeDcqnjFNyiOxFaBG8GhYsPu5y8fdnVjvPZ7sYkjajQhGOlWp6baD/DUjPC6chup4ommAxwj7YMChxR5WeTUUfoyDhdFMbSPKHRxP3dkeFIqWEUmMoI676az8bmf1kr1eG5nzGRpJoKMv0oTDnSMRrvjbpMUqL50AAmkplZEeljiYk217HNEbz5lRehXip6p8WTG7dQuYSp8nAAh3AMHpxBBa6hCjUg0IMHeIJni1uP1ov1Oi3NWbOeffgj6/0HKIOQuQ==</latexit>

k = 2 Three nodes, hence a triangle

<latexit sha1_base64="4RdymDe1iqcBKPTI7oKpsy9UEAo=">AAAB6nicbVDJSgNBEK1xjXGLCl68NAbBU5gRXI4hXjwmaBZIhtDT6Uma9PQM3TVCCPkELx4U8erVv/ALvHnxW+wsB018UPB4r4qqekEihUHX/XKWlldW19YzG9nNre2d3dzefs3EqWa8ymIZ60ZADZdC8SoKlLyRaE6jQPJ60L8e+/V7ro2I1R0OEu5HtKtEKBhFK92KttvO5d2COwFZJN6M5IuHlW/xXvoot3OfrU7M0ogrZJIa0/TcBP0h1SiY5KNsKzU8oaxPu7xpqaIRN/5wcuqInFilQ8JY21JIJurviSGNjBlEge2MKPbMvDcW//OaKYZX/lCoJEWu2HRRmEqCMRn/TTpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSOyt4F4Xzik2jBFNk4AiO4RQ8uIQi3EAZqsCgCw/wBM+OdB6dF+d12rrkzGYO4A+ctx/VK5E3</latexit>

i0
<latexit sha1_base64="lURo+mL2dyewdKpTzZ5j0Gs2aNg=">AAAB6nicbVDJSgNBEK1xjXGLCl68NAbBU5gRXI4hXjwmaBZIhtDT6Uma9PQM3TVCCPkELx4U8erVv/ALvHnxW+wsB018UPB4r4qqekEihUHX/XKWlldW19YzG9nNre2d3dzefs3EqWa8ymIZ60ZADZdC8SoKlLyRaE6jQPJ60L8e+/V7ro2I1R0OEu5HtKtEKBhFK92KttfO5d2COwFZJN6M5IuHlW/xXvoot3OfrU7M0ogrZJIa0/TcBP0h1SiY5KNsKzU8oaxPu7xpqaIRN/5wcuqInFilQ8JY21JIJurviSGNjBlEge2MKPbMvDcW//OaKYZX/lCoJEWu2HRRmEqCMRn/TTpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSOyt4F4Xzik2jBFNk4AiO4RQ8uIQi3EAZqsCgCw/wBM+OdB6dF+d12rrkzGYO4A+ctx/Wr5E4</latexit>

i1

<latexit sha1_base64="3NRSfzUwen5deUObDFYm361s4u4=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuwEcZYmOZoHlAsoTZyWwyZHZmmZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZmV1bX0ju5nb2t7Z3cvvHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+H1xG/eU6WZFHdmFFM/wn3BQkawsdIt65a6+YJbdKdAy8Sbk0L5qPbN3isf1W7+s9OTJImoMIRjrdueGxs/xcowwuk410k0jTEZ4j5tWypwRLWfTk8do1Or9FAolS1h0FT9PZHiSOtRFNjOCJuBXvQm4n9eOzHhlZ8yESeGCjJbFCYcGYkmf6MeU5QYPrIEE8XsrYgMsMLE2HRyNgRv8eVl0igVvYviec2mUYEZsnAMJ3AGHlxCGW6gCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H2DOROQ==</latexit>

i2
<latexit sha1_base64="+xVcZX+BSsHtRIDAmmA8tW8fd1g=">AAACAXicbVDLSsNAFJ34rPUVdSPoIliEClIygg8QoejGZQX7wDSGyWTSDp1MwsxEKKFu/AB/wo2gIm79C3f+jdPHQlsPXDiccy/33uMnjEpl29/G1PTM7Nx8biG/uLS8smqurddknApMqjhmsWj4SBJGOakqqhhpJIKgyGek7ncu+n79jghJY36tuglxI9TiNKQYKS155mZT0laEPHibFeFe78yhnr1PPeh6ZsEu2QNYkwSOSKFceDwNbrZfKp751QxinEaEK8yQlA60E+VmSCiKGenlm6kkCcId1CKOphxFRLrZ4IOetauVwApjoYsra6D+nshQJGU38nVnhFRbjnt98T/PSVV44maUJ6kiHA8XhSmzVGz147ACKghWrKsJwoLqWy3cRgJhpUPL6xDg+MuTpHZQgkelwyudxjkYIge2wA4oAgiOQRlcggqoAgzuwRN4BW/Gg/FsvBsfw9YpYzSzAf7A+PwB+bSYOw==</latexit>

�(1)
1 = [i0, i1]

<latexit sha1_base64="P2bqWpsfcvon3dhEOFWOuYCkpwI=">AAACAXicbVDLSsNAFJ3UV62vqBtBF4NFqCAlKfgAEYpuXFawD0xjmEym7dDJJMxMhBLqxg/wJ9wIKuLWv3Dn3zh9LLT1wIXDOfdy7z1+zKhUlvVtZGZm5+YXsou5peWV1TVzfaMmo0RgUsURi0TDR5IwyklVUcVIIxYEhT4jdb97MfDrd0RIGvFr1YuJG6I2py2KkdKSZ241JW2HyCvdpgV7v3/mUM8+oF7J9cy8VbSGgNPEHpN8Of94GtzsvFQ886sZRDgJCVeYISkd24qVmyKhKGakn2smksQId1GbOJpyFBLppsMP+nBPKwFsRUIXV3Co/p5IUShlL/R1Z4hUR056A/E/z0lU68RNKY8TRTgeLWolDKoIDuKAARUEK9bTBGFB9a0Qd5BAWOnQcjoEe/LlaVIrFe2j4uGVTuMcjJAF22AXFIANjkEZXIIKqAIM7sETeAVvxoPxbLwbH6PWjDGe2QR/YHz+AP5WmD4=</latexit>

�(1)
2 = [i1, i2]

<latexit sha1_base64="o7Gb+QRUEy9JHm8sU6SwQR23JnU=">AAACAXicbVDLSsNAFJ34rPUVdSPoYrAIFaQkFR8gQtGNywr2gWkMk+mkHTqZhJmJUELd+AH+hBtBRdz6F+78G6ePhbYeuHA4517uvcePGZXKsr6NqemZ2bn5zEJ2cWl5ZdVcW6/KKBGYVHDEIlH3kSSMclJRVDFSjwVBoc9Ize9c9P3aHRGSRvxadWPihqjFaUAxUlryzM2GpK0QeQe3ad7e65051LP2qVd0PTNnFawB4CSxRyRXyj2eNm+2X8qe+dVoRjgJCVeYISkd24qVmyKhKGakl20kksQId1CLOJpyFBLppoMPenBXK00YREIXV3Cg/p5IUShlN/R1Z4hUW457ffE/z0lUcOKmlMeJIhwPFwUJgyqC/ThgkwqCFetqgrCg+laI20ggrHRoWR2CPf7yJKkWC/ZR4fBKp3EOhsiALbAD8sAGx6AELkEZVAAG9+AJvII348F4Nt6Nj2HrlDGa2QB/YHz+AP5hmD4=</latexit>

�(1)
3 = [i0, i2]

<latexit sha1_base64="IycZOeGHtt96BBxbqCyn+y3GnaM=">AAACCnicbVDLSsNAFJ34rPUVFdy4GS2Cq5IIPpalbtxYWrAPaGKYTCft0MkkzEyEErp2469040IRt/0Cd278FidtF9p64MLhnHu59x4/ZlQqy/oylpZXVtfWcxv5za3tnV1zb78ho0RgUscRi0TLR5IwykldUcVIKxYEhT4jTb9/k/nNRyIkjfi9GsTEDVGX04BipLTkmcdOiFTPD9Ly0LMdyuHdQ1rxLEfRkEhY8eyhZxasojUBXCT2jBRKh7VvOiqPq5756XQinISEK8yQlG3bipWbIqEoZmSYdxJJYoT7qEvamnKkN7np5JUhPNVKBwaR0MUVnKi/J1IUSjkIfd2ZHS7nvUz8z2snKrh2U8rjRBGOp4uChEEVwSwX2KGCYMUGmiAsqL4V4h4SCCudXl6HYM+/vEga50X7snhR02mUwRQ5cAROwBmwwRUogVtQBXWAwRMYgVfwZjwbL8a78TFtXTJmMwfgD4zxD/wfnYM=</latexit>

B1 2 MN0⇥N1

<latexit sha1_base64="lKcqvGQ3rLMQsmdIl/cOVmXFPQY=">AAACCnicbVDLSsNAFJ3UV62vquDGzWgRXJWk4GNZ6saNpQX7gCaGyXTSDp1MwsxEKCFrN/5KNy4UcdsvcOfGb3H6WGjrgQuHc+7l3nu8iFGpTPPLyKysrq1vZDdzW9s7u3v5/YOmDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzBzcRvPRIhacjv1TAiToB6nPoUI6UlN39iB0j1PT+ppG7JphzePSRV17IVDYiEVbeUuvmCWTSngMvEmpNC+aj+TUeVcc3Nf9rdEMcB4QozJGXHMiPlJEgoihlJc3YsSYTwAPVIR1OO9CYnmb6SwjOtdKEfCl1cwan6eyJBgZTDwNOdk8PlojcR//M6sfKvnYTyKFaE49kiP2ZQhXCSC+xSQbBiQ00QFlTfCnEfCYSVTi+nQ7AWX14mzVLRuixe1HUaFTBDFhyDU3AOLHAFyuAW1EADYPAERuAVvBnPxovxbnzMWjPGfOYQ/IEx/gEA252G</latexit>

B2 2 MN1⇥N2

<latexit sha1_base64="1oXldczFxjnBT7vOGQyZJ01RQkI="></latexit>

B1(�
(0)
i ,�(1)

j ) =

0

@
�1 0 �1
1 �1 0
0 1 1

1

A

<latexit sha1_base64="sfyDGGNzRq4AFDbSvcj6Xe7bSiw=">AAACEnicbVDLSgMxFM3UV62vUZduQougCGWm4GNZdOOygn1ApwyZ9LYNzWSGJCOWod/gpr/ixoUibl2569+YPgRtPZBwOOde7r0niDlT2nHGVmZldW19I7uZ29re2d2z9w9qKkokhSqNeCQbAVHAmYCqZppDI5ZAwoBDPejfTPz6A0jFInGvBzG0QtIVrMMo0Uby7VMvgC4TaUi0ZI9D5jueh5nvTv+SB6L9Y/l2wSk6U+Bl4s5JoZz3zkbj8qDi219eO6JJCEJTTpRquk6sWymRmlEOw5yXKIgJ7ZMuNA0VJATVSqcnDfGxUdq4E0nzhMZT9XdHSkKlBmFgKs1+PbXoTcT/vGaiO1etlIk40SDobFAn4VhHeJIPbjMJVPOBIYRKZnbFtEckodqkmDMhuIsnL5NaqeheFM/vTBrXaIYsOkJ5dIJcdInK6BZVUBVR9ISe0St6s0bWi/VufcxKM9a85xD9gfX5DYmfoQM=</latexit>

i0
i1
i2

<latexit sha1_base64="r7K015USrbTCwMVV92pwz77Cw+o=">AAAB8HicbVDLSsNAFL2pr1pfVZduhhZBUEoi+FgW3bisYB+ShjCZTtqhM0mYmQgh9Ct04UIRt36Ou/6N08dCWw9cOJxzL/feEyScKW3bY6uwsrq2vlHcLG1t7+zulfcPWipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoOhrcTv/1EpWJx9KCzhHoC9yMWMoK1kR5d5ttnzHc8v1y1a/YUaJk4c1KtV7qnL+N61vDL391eTFJBI004Vsp17ER7OZaaEU5HpW6qaILJEPepa2iEBVVePj14hI6N0kNhLE1FGk3V3xM5FkplIjCdAuuBWvQm4n+em+rw2stZlKSaRmS2KEw50jGafI96TFKieWYIJpKZWxEZYImJNhmVTAjO4svLpHVecy5rF/cmjRuYoQhHUIETcOAK6nAHDWgCAQHP8AbvlrRerQ/rc9ZasOYzh/AH1tcPzHSSvg==</latexit>

[i0, i1]
<latexit sha1_base64="WYMWMkVBohn4PIPz0M3n0X4gJ8U=">AAAB8HicbVDLSsNAFL3xWeur6tLN0CIISkkKPpZFNy4r2IekIUymk3boZBJmJkII/QpduFDErZ/jrn/j9LHQ1gMXDufcy733BAlnStv22FpZXVvf2CxsFbd3dvf2SweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Hw9uJ336iUrFYPOgsoV6E+4KFjGBtpEeX+c4582ueX6rYVXsKtEycOanUy92zl3E9a/il724vJmlEhSYcK+U6dqK9HEvNCKejYjdVNMFkiPvUNVTgiCovnx48QidG6aEwlqaERlP190SOI6WyKDCdEdYDtehNxP88N9XhtZczkaSaCjJbFKYc6RhNvkc9JinRPDMEE8nMrYgMsMREm4yKJgRn8eVl0qpVncvqxb1J4wZmKMAxlOEUHLiCOtxBA5pAIIJneIN3S1qv1of1OWtdseYzR/AH1tcPz4KSwA==</latexit>

[i1, i2]
<latexit sha1_base64="I6v+9mAfQaj31ZtO/Smnd9LKdvU=">AAAB8HicbVDLSsNAFL3xWeur6tLN0CIISkkKPpZFNy4r2IekIUymk3boZBJmJkII/QpduFDErZ/jrn/j9LHQ1gMXDufcy733BAlnStv22FpZXVvf2CxsFbd3dvf2SweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Hw9uJ336iUrFYPOgsoV6E+4KFjGBtpEeX+fY582ueX6rYVXsKtEycOanUy92zl3E9a/il724vJmlEhSYcK+U6dqK9HEvNCKejYjdVNMFkiPvUNVTgiCovnx48QidG6aEwlqaERlP190SOI6WyKDCdEdYDtehNxP88N9XhtZczkaSaCjJbFKYc6RhNvkc9JinRPDMEE8nMrYgMsMREm4yKJgRn8eVl0qpVncvqxb1J4wZmKMAxlOEUHLiCOtxBA5pAIIJneIN3S1qv1of1OWtdseYzR/AH1tcPzfmSvw==</latexit>

[i0, i2]

<latexit sha1_base64="D1KqDkV3A0bvYt8D+A3eTsURQeg="></latexit>

B2(�
(1)
i ,�(2)

j ) =

0

@
1
1
�1

1

A
<latexit sha1_base64="Qf1uRPCdVgxOpYuohO/wh3frqDk=">AAACJHicbZDLSgMxFIYzXmu9VV26CS2CoJSZghdwU3TjsoK9QGcYMulpG5rJDElGLEPfwhdw46u4ceEFF934LKYXQVt/CHz85xxyzh/EnClt20NrYXFpeWU1s5Zd39jc2s7t7NZUlEgKVRrxSDYCooAzAVXNNIdGLIGEAYd60Lsa1et3IBWLxK3ux+CFpCNYm1GijeXnLtwAOkykIdGS3Q+azLePme94rosNO4ZLU7YnDKL10+znCnbRHgvPgzOFQjnvHj0My/2Kn3t3WxFNQhCacqJU07Fj7aVEakY5DLJuoiAmtEc60DQoSAjKS8dHDvCBcVq4HUnzhMZj9/dESkKl+mFgOs1+XTVbG5n/1ZqJbp97KRNxokHQyUfthGMd4VFiuMUkUM37BgiVzOyKaZdIQrXJNWtCcGZPnodaqeicFk9uTBqXaKIM2kd5dIgcdIbK6BpVUBVR9Iie0St6s56sF+vD+py0LljTmT30R9bXN9Vyp04=</latexit>

[i0, i1]
[i1, i2]
[i0, i2]

<latexit sha1_base64="eAEGY7Utv+KE8DJrGkcrhVY+gzI=">AAAB9HicbVDLSsNAFL2pr1pfVZduhhZBUEpS8LEsunFZwT6gDWEynbRDJ5M4MymE0L8Q3LhQxK0f465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/OHd1G+NqFQsEo86jakb4r5gASNYG8ntMM++YJ5jqup6xbJdsWdAq8RZkHKt1D1/ntTSulf87vYikoRUaMKxUh3HjrWbYakZ4XRc6CaKxpgMcZ92DBU4pMrNZkeP0alReiiIpCmh0Uz9PZHhUKk09E1niPVALXtT8T+vk+jgxs2YiBNNBZkvChKOdISmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrzlXl8sGkcQtz5OEESnAGDlxDDe6hDg0g8AQv8Abv1sh6tT6sz3lrzlrMHMMfWF8/KtCUDA==</latexit>

[i0, i1, i2]
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<latexit sha1_base64="Y0oRl0bLYUalvIsnNGg1btANdTw=">AAACD3icbVC5TsNAEF2HK4TLQEmzIgJRRTbiElVEGsqAyCHFxlqv18kq60O7ayCy/Ac0/AoNBQjR0tLxN6wTF5DwpJGe3pvRzDw3ZlRIw/jWSnPzC4tL5eXKyura+oa+udUWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXfYyP3OHeGCRuGNHMXEDlA/pD7FSCrJ0fetAMmB66cP2XnDGVqc9gcScR7dw4njptfZrefoVaNmjAFniVmQKijQdPQvy4twEpBQYoaE6JlGLO0UcUkxI1nFSgSJER6iPukpGqKACDsd/5PBPaV40I+4qlDCsfp7IkWBEKPAVZ35jWLay8X/vF4i/TM7pWGcSBLiySI/YVBGMA8HepQTLNlIEYQ5VbdCPEAcYakirKgQzOmXZ0n7sGae1I6vjqr1iyKOMtgBu+AAmOAU1MElaIIWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wcOs51R</latexit>

x : Ck ! Rd k-cochain
<latexit sha1_base64="LCU5AUl1CT0dqevmkNW77cAX2oE="></latexit>

xi = x(�(k)
i ) = (x1

i , . . . , x
d
i )

<latexit sha1_base64="unMCTR1j+xxyt+SR03t+us25AVw=">AAACIHicbVDLSsNAFJ34rPUVdelmsAjtoiURtW6EohuXFewDmhgm00k7dPJgZiKWkE9x46+4caGI7vRrnLRZ1NYDFw7n3Mu997gRo0Iaxre2tLyyurZe2Chubm3v7Op7+20RxhyTFg5ZyLsuEoTRgLQklYx0I06Q7zLScUfXmd95IFzQMLiT44jYPhoE1KMYSSU5et3ykRy6XvKYlquWoAMf3SflUSV1aOWyOmPOeY5eMmrGBHCRmDkpgRxNR/+y+iGOfRJIzJAQPdOIpJ0gLilmJC1asSARwiM0ID1FA+QTYSeTB1N4rJQ+9EKuKpBwos5OJMgXYuy7qjO7WMx7mfif14uld2EnNIhiSQI8XeTFDMoQZmnBPuUESzZWBGFO1a0QDxFHWKpMiyoEc/7lRdI+qZnntbPb01LjKo+jAA7BESgDE9RBA9yAJmgBDJ7AC3gD79qz9qp9aJ/T1iUtnzkAf6D9/AJnhaMe</latexit>

x(��(k)
i ) = �x(�(k)

i )

<latexit sha1_base64="L/uB/RAP5wjiPGmET5e6SHbM8Nw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQoZREfG2EohuXFewD0hgm00k7ZCYJMxOhhO7c+CtuXCji1l9w5984bbPQ1gMDh3Pu4c49fsKoVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUYNLEMYtFx0eSMBqRpqKKkU4iCOI+I20/vB777QciJI2jOzVMiMtRP6IBxUhpyTP3u5L2OfLofVYJj0aXDvWsarcXK1mlXuh6ZtmqWRPAeWLnpAxyNDzzS4dxykmkMENSOraVKDdDQlHMyKjUTSVJEA5RnziaRogT6WaTO0bwUCs9GMRCv0jBifo7kSEu5ZD7epIjNZCz3lj8z3NSFVy4GY2SVJEITxcFKYMqhuNSYI8KghUbaoKwoPqvEA+QQFjp6kq6BHv25HnSOq7ZZ7XT25Ny/Sqvowj2wAGoABucgzq4AQ3QBBg8gmfwCt6MJ+PFeDc+pqMFI8/sgj8wPn8A6eqYtg==</latexit>

�(k)
i = [i0, . . . , ik]

<latexit sha1_base64="S9LCHNNITAfi/KHHfMvkv2APg5Q=">AAACGnicbVDLSsNAFJ34rPUVdelmsAh1UxLxtRGKblxWsA9oQplMJu3QySTMTMQS8h1u/BU3LhRxJ278GydthNp64MLhnHu59x4vZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7clo0Rg0sQRi0THQ5IwyklTUcVIJxYEhR4jbW94nfvteyIkjfidGsXEDVGf04BipLTUM20nEAinvhMiNfCC9CHr0Sz1VXb5qwRZddo86pkVq2aNAeeJXZAKKNDomZ+OH+EkJFxhhqTs2las3BQJRTEjWdlJJIkRHqI+6WrKUUikm45fy+ChVnwYREIXV3CsTk+kKJRyFHq6Mz9Sznq5+J/XTVRw4aaUx4kiHE8WBQmDKoJ5TtCngmDFRpogLKi+FeIB0lkpnWZZh2DPvjxPWsc1+6x2entSqV8VcZTAPjgAVWCDc1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6R1wShm9sAfGF8/t8qiiQ==</latexit>

dxi

dt
= f(xi)

<latexit sha1_base64="Rn0mFhBB9wEkiozlqIkGtBI/thQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR6qIl8b4Rim5cVrCt0IYwmU7aoZNJmJmIJfRB3Pgqblwo4saF4Ns4aSP04oGBj/8/hznn9yJGpbKsHyO3sLi0vJJfLaytb2xumds7DRnGApM6Dlko7j0kCaOc1BVVjNxHgqDAY6Tp9a9Tv/lAhKQhv1ODiDgB6nLqU4yUllzzuB0g1fP8xB+Wyn/8OHTp4WV5wppyXLNoVaxRwXmwMyiCrGqu+dXuhDgOCFeYISlbthUpJ0FCUczIsNCOJYkQ7qMuaWnkKCDSSUbHDeGBVjrQD4V+XMGROjmRoEDKQeDpznRJOeul4n9eK1b+hZNQHsWKcDz+yI8ZVCFMk4IdKghWbKABYUH1rhD3kEBY6TwLOgR79uR5aBxV7LPK6e1JsXqVxZEHe2AflIANzkEV3IAaqAMMnsALeAPvxrPxanwYn+PWnJHN7IKpMr5/AZP1olA=</latexit>

f(�xi) = �f(xi)

Dynamical system on a simplex
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<latexit sha1_base64="3I3yUjSQdNELkUgQ7uYwui8hhz0="></latexit>

dxi

dt
= f(xi)� �

NkX

j=1

Lk(i, j)h(xj)
<latexit sha1_base64="Xq9OiSmZxxPBB4L0g37jVAqi3Qg=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR6qIl8b4Rim5cVrCt0IYwmU7aoZNJmJmIJfRB3Pgqblwo4saF4Ns4aSP04oGBj/8/hznn9yJGpbKsHyO3sLi0vJJfLaytb2xumds7DRnGApM6Dlko7j0kCaOc1BVVjNxHgqDAY6Tp9a9Tv/lAhKQhv1ODiDgB6nLqU4yUllzzuB0g1fP8pDcslf/4cejSw8vyhDXluGbRqlijgvNgZ1AEWdVc86vdCXEcEK4wQ1K2bCtSToKEopiRYaEdSxIh3Edd0tLIUUCkk4yOG8IDrXSgHwr9uIIjdXIiQYGUg8DTnemSctZLxf+8Vqz8CyehPIoV4Xj8kR8zqEKYJgU7VBCs2EADwoLqXSHuIYGw0nkWdAj27Mnz0Diq2GeV09uTYvUqiyMP9sA+KAEbnIMquAE1UAcYPIEX8AbejWfj1fgwPsetOSOb2QVTZXz/App3olQ=</latexit>

h(�xi) = �h(xi)

Reference orbit                 solution of
<latexit sha1_base64="kFeE1c6b/vNNIRzLUCvCubAYERU=">AAAB9HicbVDLSsNAFL3xWeur6tJNsAh1UxLxtSy6cVnBPqANZTKdtEMnkzhzUyih3+HGhSJu/Rh3/o2TNgttPTBwOOde7pnjx4JrdJxva2V1bX1js7BV3N7Z3dsvHRw2dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mju8xvjZnSPJKPOImZF5KB5AGnBI3kdUOCQz9I9bSCZ71S2ak6M9jLxM1JGXLUe6Wvbj+iScgkUkG07rhOjF5KFHIq2LTYTTSLCR2RAesYKknItJfOQk/tU6P07SBS5km0Z+rvjZSEWk9C30xmIfWil4n/eZ0Egxsv5TJOkEk6PxQkwsbIzhqw+1wximJiCKGKm6w2HRJFKJqeiqYEd/HLy6R5XnWvqpcPF+XabV5HAY7hBCrgwjXU4B7q0AAKT/AMr/Bmja0X6936mI+uWPnOEfyB9fkDn+mSBA==</latexit>

s(t)
<latexit sha1_base64="7BbBACqr4hvi/wjyrNAx584f1JY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUnE10YounFZwT6gCWUymbRDJ5MwMxFKyFe48VfcuFDErbjzb5y0EbX1wMCZc+7l3nu8mFGpLOvTmJtfWFxaLq2UV9fWNzbNre2WjBKBSRNHLBIdD0nCKCdNRRUjnVgQFHqMtL3hVe6374iQNOK3ahQTN0R9TgOKkdJSzzx0AoFw6jshUgMvSGWWpb7KLr7/QVb9sQ56ZsWqWWPAWWIXpAIKNHrmh+NHOAkJV5ghKbu2FSs3RUJRzEhWdhJJYoSHqE+6mnIUEumm47MyuK8VHwaR0I8rOFZ/d6QolHIUeroyX1FOe7n4n9dNVHDuppTHiSIcTwYFCYMqgnlG0KeCYMVGmiAsqN4V4gHSOSmdZFmHYE+fPEtaRzX7tHZyc1ypXxZxlMAu2ANVYIMzUAfXoAGaAIN78AiewYvxYDwZr8bbpHTOKHp2wB8Y719ooKDH</latexit>

ds

dt
= f(s)

Synchronisation :
<latexit sha1_base64="LbzREYp76OF4JgG+07f34LllMWM=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiBECGFGXHIJBL14kghmgUwYejo9SZOexe4aMQz5FS/+ihcPiuQm/oydRdDEBw2vXtWjq54bCa7AND+N1NLyyupaej2zsbm1vZPd3aurMJaU1WgoQtl0iWKCB6wGHARrRpIR3xWs4favxv3GA5OKh8EdDCLW9kk34B6nBLTkZEu2T6Dnesnj0OF5OC7/1GqoK2zfx6Rje6EkQmBetgp2JwRVuHH6TjZnFs0J8CKxZiSHZqg62ZH20thnAVBBlGpZZgTthEjgVLBhxo4Viwjtky5raRoQn6l2MrlwiI+00sF6D/0CwBP1tyMhvlID39WT4/3VfG8s/tdrxeCV2gkPohhYQKcfebHAEOJxXLjDJaMgBpoQKrneFdMekYSCDjWjQ7DmT14k9ZOidV48uz3NVS5ncaTRATpEeWShC1RB16iKaoiiJ/SC3tC78Wy8Gh/GaDqaMmaeffQHxtc3C3Sjaw==</latexit>

xi(t) = s(t) 8i = 1, . . . , Nk

<latexit sha1_base64="EndaIMdbsEUyw1wNQ6KuAq32XiY="></latexit>

dxi

dt

���
xi=s

= f(xi) + �
nX

j=1

Lijh(xj)
���
xi=s

= 0

<latexit sha1_base64="ybqrtgMFxrLoI/EyuQxcdFhMi0o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5tBLx4TMA9IljA76SRjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR3dRvPqHSPJIPZhyjH9KB5H3OqLFS7aZbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77J8UTsvVW6zOPJwBMdwCh5cQQXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A5MVjM0=</latexit>

?

Dynamical system on a simplicial complex
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Global Topological Synchronisation

Necessary condition
<latexit sha1_base64="NZ2mGLc6jVT/zdnANvQ5yo5/EIg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUnE10YounHhooJ9QBvKZDpph04mYWailNhPceNCEbd+iTv/xkmbhbYeGDiccy/3zPFjzpR2nG+rsLS8srpWXC9tbG5t79jl3aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NF15rceqFQsEvd6HFMvxAPBAkawNlLPLndDrId+kN5OeiOUoEunZ1ecqjMFWiRuTiqQo96zv7r9iCQhFZpwrFTHdWLtpVhqRjidlLqJojEmIzygHUMFDqny0mn0CTo0Sh8FkTRPaDRVf2+kOFRqHPpmMguq5r1M/M/rJDq48FIm4kRTQWaHgoQjHaGsB9RnkhLNx4ZgIpnJisgQS0y0aatkSnDnv7xImsdV96x6endSqV3ldRRhHw7gCFw4hxrcQB0aQOARnuEV3qwn68V6tz5mowUr39mDP7A+fwBFmpNd</latexit>

Lku = 0
<latexit sha1_base64="umUp7/kbtP9x1OoEY77wIOR2aAA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUnE10YodeOygn1AG8pkOmmHTiZhZqKU2E9x40IRt36JO//GSZuFth4YOJxzL/fM8WPOlHacb6uwsrq2vlHcLG1t7+zu2eX9looSSWiTRDySHR8rypmgTc00p51YUhz6nLb98U3mtx+oVCwS93oSUy/EQ8ECRrA2Ut8u90KsR36Q1qf9MUrQtdO3K07VmQEtEzcnFcjR6NtfvUFEkpAKTThWqus6sfZSLDUjnE5LvUTRGJMxHtKuoQKHVHnpLPoUHRtlgIJImic0mqm/N1IcKjUJfTOZBVWLXib+53UTHVx5KRNxoqkg80NBwpGOUNYDGjBJieYTQzCRzGRFZIQlJtq0VTIluItfXiat06p7UT2/O6vU6nkdRTiEIzgBFy6hBrfQgCYQeIRneIU368l6sd6tj/lowcp3DuAPrM8fNiKTUw==</latexit>

Bku = 0
<latexit sha1_base64="kavhfVevR1wZ7L0SwxIz9ZI8RWU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBZBEEoivjZCqRuXFewDmhgm00k7dDIJMxOhhIAbf8WNC0Xc+hPu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6NkoLi0vLK+XVytr6xuaWub3TllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/us79zgMRkkb8To1j4oZowGlAMVJa8sw9J0Rq6AdpI/PS0bGd3TsqimECryzPrFo1awI4T+yCVEGBpmd+Of0IJyHhCjMkZc+2YuWmSCiKGckqTiJJjPAIDUhPU45CIt108kMGD7XSh0EkdHEFJ+rviRSFUo5DX3fmF8tZLxf/83qJCi7dlPI4UYTj6aIgYVBFMA8E9qkgWLGxJggLqm+FeIgEwkrHVtEh2LMvz5P2Sc0+r53dnlbrjSKOMtgHB+AI2OAC1MENaIIWwOARPINX8GY8GS/Gu/ExbS0Zxcwu+APj8wfs2ZcO</latexit>

B>
k+1u = 0

<latexit sha1_base64="K3hhthJmabLxiBbxK74ro8kGBMw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8z0KnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8JEcAOe9+UUlpZXVteK66WNza3tsruz2zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC0dXUb90zbbiSdzBOWBCTgeQRpwSs1HPL3RsWgeaDIRCt1UPPrXhVbwb8l/g5qaAc9Z772e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrRKH0dK25KAZ+rPiYzExozj0HbGBIZm0ZuK/3mdFKKLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++/Jc0j6v+WfX09qRSu8zjKKJ9dICOkI/OUQ1dozpqIIpS9IRe0Kvz6Dw7b877vLXg5DN76Becj287dpN7</latexit>, and

<latexit sha1_base64="zR7ACRoU+s2RQ+V+aTuCotk3WBw="></latexit>X

j

Bk(�
(k�1)
i ,�(k)

j ) = 0 ) even numb incident
<latexit sha1_base64="qoBTRkpAtmayPFWvhXH91dwf8wo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQF5ZEfC2LblxWsA9oY5hMJ+3QmSTMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vvCRLOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRWnktAGiXks2wFWlLOINjTTnLYTSbEIOG0Fw7up3xpRqVgcPepxQj2B+xELGcHaSL5tdxXrC+yzp6wyPHNPJ75ddqrODGiZuDkpQ466b391ezFJBY004Vipjusk2suw1IxwOil1U0UTTIa4TzuGRlhQ5WWzyyfoxCg9FMbSVKTRTP09kWGh1FgEplNgPVCL3lT8z+ukOrzxMhYlqaYRmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsEomBHfx5WXSPK+6V9XLh4ty7TaPowhHcAwVcOEaanAPdWgAgRE8wyu8WZn1Yr1bH/PWgpXPHMIfWJ8/kj2S+g==</latexit>

�(k�1)
i

<latexit sha1_base64="hflEGAU5NxExiQ3ErInBex9n6rg=">AAAB9XicbVDLTgJBEOz1ifhCPXqZSEzwQnaNryPRi0dM5JHAQmaHWRiZmd3MzGrIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEHOmjet+O0vLK6tr67mN/ObW9s5uYW+/rqNEEVojEY9UM8CaciZpzTDDaTNWFIuA00YwvJn4jUeqNIvkvRnF1Be4L1nICDZW6rQ16wvcfeikpeHJuFsoumV3CrRIvIwUIUO1W/hq9yKSCCoN4VjrlufGxk+xMoxwOs63E01jTIa4T1uWSiyo9tPp1WN0bJUeCiNlSxo0VX9PpFhoPRKB7RTYDPS8NxH/81qJCa/8lMk4MVSS2aIw4chEaBIB6jFFieEjSzBRzN6KyAArTIwNKm9D8OZfXiT107J3UT6/OytWrrM4cnAIR1ACDy6hArdQhRoQUPAMr/DmPDkvzrvzMWtdcrKZA/gD5/MHOUOSWA==</latexit>

�(k)
j

half coherent / half incoherent

<latexit sha1_base64="cLQivWeqZO4f7Lgkr8FxahHpZLU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ66Ga9csWtujOQZeLlpAI56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aUTcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU147WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07JhuAtvrxMmmdV77J6cX9eqd3kcRThCI7hFDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD57EjW8=</latexit> {
Balanced simplicial complex

<latexit sha1_base64="jipFbUqjzYWySUSYlPAtKXWOB6U="></latexit>X

i

Bk+1(�
(k)
i ,�(k+1)

j ) = 0 )
<latexit sha1_base64="J6r4y4sbY+KtcjVA2tKAqGYOHkM=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkWoCCURX8uiG5cV7APaGCbTSTt2ZhJmJoUS+iduXCji1j9x5984bbPQ6oELh3Pu5d57woRRpV33yyosLa+srhXXSxubW9s79u5eU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61weDP1WyMiFY3FvR4nxOeoL2hEMdJGCmy7q2ifo+DxIasMT7zjSWCX3ao7g/OXeDkpQ456YH92ezFOOREaM6RUx3MT7WdIaooZmZS6qSIJwkPUJx1DBeJE+dns8olzZJSeE8XSlNDOTP05kSGu1JiHppMjPVCL3lT8z+ukOrryMyqSVBOB54uilDk6dqYxOD0qCdZsbAjCkppbHTxAEmFtwiqZELzFl/+S5mnVu6ie352Va9d5HEU4gEOogAeXUINbqEMDMIzgCV7g1cqsZ+vNep+3Fqx8Zh9+wfr4BpC7kvk=</latexit>

�(k+1)
j contains even numb

<latexit sha1_base64="yE/lVl6VuVU3g3z8sGXpn+9qza8=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHBC9k1vo5ELx4xkUcCC5kdZmHCzOxmZlZDNvyHFw8a49V/8ebfOMAeFKykk0pVd7q7gpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB6HbqNx+p0iySD2YcU1/ggWQhI9hYqdvRbCBwj3XT8uh00iuW3Io7A1omXkZKkKHWK351+hFJBJWGcKx123Nj46dYGUY4nRQ6iaYxJiM8oG1LJRZU++ns6gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/ee3EhNd+ymScGCrJfFGYcGQiNI0A9ZmixPCxJZgoZm9FZIgVJsYGVbAheIsvL5PGWcW7rFzcn5eqN1kceTiCYyiDB1dQhTuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7A+fwBN7mSVw==</latexit>

�(k)
i

impossible if k is odd

odd dim = non global synch

even dim = global synch if balanced
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Global Topological Synchronisation : Stuart-Landau

no global synch 

for links (k=1)

global synch 

for faces (k=2)

<latexit sha1_base64="vcdwymSJiPhjDkMxNao22/EPvfc=">AAACCXicbVDLSgMxFM34rPVVdekmWIQKpcwUXxuh1I3LCvYB7Thk0kwbmpkMyR2hDN268VfcuFDErX/gzr8xfSy09UDgcM69N/cePxZcg21/W0vLK6tr65mN7ObW9s5ubm+/oWWiKKtTKaRq+UQzwSNWBw6CtWLFSOgL1vQH12O/+cCU5jK6g2HM3JD0Ih5wSsBIXg53QgJ9P0irI6+MC06x05Wgi87JfQdkjK9sL5e3S/YEeJE4M5JHM9S83JcZQZOQRUAF0brt2DG4KVHAqWCjbCfRLCZ0QHqsbWhEQqbddHLJCB8bpYsDqcyLAE/U3x0pCbUehr6pHO+t572x+J/XTiC4dFMexQmwiE4/ChKBQeJxLLjLFaMghoYQqrjZFdM+UYSCCS9rQnDmT14kjXLJOS+d3Z7mK9VZHBl0iI5QATnoAlXQDaqhOqLoET2jV/RmPVkv1rv1MS1dsmY9B+gPrM8frVeYaQ==</latexit>

B2(1, . . . , 1)
> = 0

<latexit sha1_base64="Itnrg5VsoyXRBJl1oluuu42eHB4=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyEQIYRd340QYmMZwTwgiWF2MpsMmX0wc1cIS77Axl+xsVDE1trOv3E22UITDwwczrn3zr3HCQVXYFnfRmZpeWV1Lbue29jc2t4xd/caKogkZXUaiEC2HKKY4D6rAwfBWqFkxHMEazqj68RvPjCpeODfwThkXY8MfO5ySkBLPbPQ8QgMHTeuTnon9x0IQly0S51+AKpkH82EK6tn5q2yNQVeJHZK8ihFrWd+6RE08pgPVBCl2rYVQjcmEjgVbJLrRIqFhI7IgLU19YnHVDeenjPBBa30sRtI/XzAU/V3R0w8pcaeoyuT5dW8l4j/ee0I3MtuzP0wAubT2UduJDAEOMkG97lkFMRYE0Il17tiOiSSUNAJ5nQI9vzJi6RxXLbPy2e3p/lKNY0jiw7QISoiG12gCrpBNVRHFD2iZ/SK3own48V4Nz5mpRkj7dlHf2B8/gDJIZqp</latexit>

B>
3 (1, . . . , 1)

> = 0

<latexit sha1_base64="PbYBe8qrtrpita68ZTy4elOTUaU=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqM+NoIpW5cVrAPaGvJpJk2NDMZkjtCGbp146+4caGIW//AnX9j2s5CWw8EDufce3Pv8SLBNTjOt5VZWl5ZXcuu5zY2t7Z37N29upaxoqxGpZCq6RHNBA9ZDTgI1owUI4EnWMMbXk/8xgNTmsvwDkYR6wSkH3KfUwJG6tq4HRAYeH5SGXddXHCL7Z4EXXSP79sgI3zldO28U3KmwIvETUkepah27S8zgsYBC4EKonXLdSLoJEQBp4KNc+1Ys4jQIemzlqEhCZjuJNNLxvjIKD3sS2VeCHiq/u5ISKD1KPBM5WRvPe9NxP+8Vgz+ZSfhYRQDC+nsIz8WGCSexIJ7XDEKYmQIoYqbXTEdEEUomPByJgR3/uRFUj8pueels9vTfLmSxpFFB+gQFZCLLlAZ3aAqqiGKHtEzekVv1pP1Yr1bH7PSjJX27KM/sD5/AKu/mGg=</latexit>

B1(1, . . . , 1)
> = 0

<latexit sha1_base64="bKzvnO7dChAs+h7IjsB4IGVgheU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0UMpM8bUsdeOygn1Ap5ZMmmlDM5kxuSOUod/gxl9x40IRt67c+Temj4W2Hggczrk3yTleJLgG2/62Uiura+sb6c3M1vbO7l52/6Chw1hRVqehCFXLI5oJLlkdOAjWihQjgSdY0xteTfzmA1Oah/IWRhHrBKQvuc8pASN1swU3IDDw/KQ67pbvXAgjnHeKbi8EXXQKM8GV7B7b3WzOLtlT4GXizEkOzVHrZr/MNTQOmAQqiNZtx46gkxAFnAo2zrixZhGhQ9JnbUMlCZjuJNNIY3xilB72Q2WOBDxVf28kJNB6FHhmchJAL3oT8T+vHYN/2Um4jGJgks4e8mOBIcSTfnCPK0ZBjAwhVHHzV0wHRBEKpsWMKcFZjLxMGuWSc146uznNVarzOtLoCB2jPHLQBaqga1RDdUTRI3pGr+jNerJerHfrYzaasuY7h+gPrM8f3T2cUw==</latexit>

B>
2 (1, . . . , 1)

> 6= 0
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Global Topological Synchronisation: cell complexes

The topological obstruction 

does not exist for cell complexes

global synch 

for faces

global synch 

for links
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The “waffle” 3-simplicial complex
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