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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>

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>
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Dynamical systems on hypergraphs

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

dx

dt
= f(x) x 2 Rd
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Dynamical systems on hypergraphs

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
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Dynamical systems on hypergraphs

i = 1, . . . , n

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

ii

Diffusive-like 
coupling

Mean field  
hyperedge 
coupling

<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
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Dynamical systems on hypergraphs

i = 1, . . . , n

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

ii

Mean field  
hyperedge 
coupling

<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
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Mean field hyperedge coupling

i = 1, . . . , n

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

<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 Rd

<latexit sha1_base64="wpNqXWHvbedL7wHb1xletPt8uwI=">AAACM3icbVDLSgMxFM3UV62vUZdugkVoQcpMEXUjFAURVxXsA9paMmmmDc1khiQjlmH+yY0/4kIQF4q49R/MtFPQ1gOBwznnknuPEzAqlWW9GpmFxaXllexqbm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXiR+454ISX1+q0YB6Xioz6lLMVJa6prXbQ+pgeNGl3FhSh/iu6hAi/HhrFA8myrufLrYNfNWyRoDzhM7JXmQoto1n9s9H4ce4QozJGXLtgLViZBQFDMS59qhJAHCQ9QnLU058ojsROObY3iglR50faEfV3Cs/p6IkCflyHN0MllUznqJ+J/XCpV72okoD0JFOJ585IYMKh8mBcIeFQQrNtIEYUH1rhAPkEBY6ZpzugR79uR5Ui+X7ONS+eYoXzlP68iCPbAPCsAGJ6ACrkAV1AAGj+AFvIMP48l4Mz6Nr0k0Y6Qzu+APjO8fEu6rww==</latexit>

F(x(i),x(i)) = f(x(i))

<latexit sha1_base64="+zyCktE75aqYDbOTbtQo37giQ80="></latexit>

dx(i)

dt
=

P
↵ ei↵

P
j ej↵'(C↵↵)F(x(i),x(j))

P
↵ ei↵

P
j ej↵'(C↵↵)

8i = 1, . . . , n ,

ii
<latexit sha1_base64="jjO2LaCuoen0nVooySmglonp00Q=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUwWMF+wFtKJPtpl262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rF8MOOE+REOJA85RWOl9m2viyIZYq9UdivuDGSZeDkpQ456r/TV7cc0jZg0VKDWHc9NjJ+hMpwKNil2U80SpCMcsI6lEiOm/Wx274ScWqVPwljZkobM1N8TGUZaj6PAdkZohnrRm4r/eZ3UhFd+xmWSGibpfFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiIijYEb/HlZdKsVryLSvX+vFy7zuMowDGcwBl4cAk1uIM6NICCgGd4hTfn0Xlx3p2PeeuKk88cwR84nz/UZY/X</latexit>

E↵

<latexit sha1_base64="R6m/l1BMKUjZxXd8F0w94RsMmho=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeiCB4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nfntJ9BGxOoRJwn4ERsqEQrO0Ertu34vAGT9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7rNYeLir1mzyOIjkhp+SceOSK1Mk9aZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAMIY9j</latexit>

E�

j

2

1
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Mean field hyperedge coupling

i = 1, . . . , n

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

<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 Rd

<latexit sha1_base64="wpNqXWHvbedL7wHb1xletPt8uwI=">AAACM3icbVDLSgMxFM3UV62vUZdugkVoQcpMEXUjFAURVxXsA9paMmmmDc1khiQjlmH+yY0/4kIQF4q49R/MtFPQ1gOBwznnknuPEzAqlWW9GpmFxaXllexqbm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXiR+454ISX1+q0YB6Xioz6lLMVJa6prXbQ+pgeNGl3FhSh/iu6hAi/HhrFA8myrufLrYNfNWyRoDzhM7JXmQoto1n9s9H4ce4QozJGXLtgLViZBQFDMS59qhJAHCQ9QnLU058ojsROObY3iglR50faEfV3Cs/p6IkCflyHN0MllUznqJ+J/XCpV72okoD0JFOJ585IYMKh8mBcIeFQQrNtIEYUH1rhAPkEBY6ZpzugR79uR5Ui+X7ONS+eYoXzlP68iCPbAPCsAGJ6ACrkAV1AAGj+AFvIMP48l4Mz6Nr0k0Y6Qzu+APjO8fEu6rww==</latexit>

F(x(i),x(i)) = f(x(i))

<latexit sha1_base64="UluGXhU/GYWJ6/fYjpE2DAJX0uI="></latexit>

dx(i)

dt
=

1

di

X

j

DijF(x
(i),x(j))

<latexit sha1_base64="+zyCktE75aqYDbOTbtQo37giQ80="></latexit>

dx(i)

dt
=

P
↵ ei↵

P
j ej↵'(C↵↵)F(x(i),x(j))

P
↵ ei↵

P
j ej↵'(C↵↵)

8i = 1, . . . , n ,

<latexit sha1_base64="nJUQ2coQy9KMjoB9pavuLNJYAw8=">AAACL3icbZDLSgMxFIYzXmu9jbp0EyxC3ZSZIupGKFbEZQV7gU4ZzqRpmzZzIckUytA3cuOrdCOiiFvfwrQdQVsPBD7+/xxOzu9FnEllWa/Gyura+sZmZiu7vbO7t28eHNZkGAtCqyTkoWh4IClnAa0qpjhtRIKC73Fa9wblqV8fUiFZGDyqUURbPnQD1mEElJZc8+7WTVh/jK+xI2PfTRzgUQ/GmGo5ZWcIIuqxfPnHTfUz3dNP2TVzVsGaFV4GO4UcSqvimhOnHZLYp4EiHKRs2lakWgkIxQin46wTSxoBGUCXNjUG4FPZSmb3jvGpVtq4Ewr9AoVn6u+JBHwpR76nO31QPbnoTcX/vGasOlethAVRrGhA5os6MccqxNPwcJsJShQfaQAimP4rJj0QQJSOOKtDsBdPXoZasWBfFIoP57nSTRpHBh2jE5RHNrpEJXSPKqiKCHpCE/SG3o1n48X4MD7nrStGOnOE/pTx9Q1f+qqH</latexit>

Dij =
X

↵

ei↵'(C↵↵)ej↵
<latexit sha1_base64="NXQw/VRzNz9GNdVKCbVbEG1OTJo=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRF1I1Q1IXLCvYBbQiTyaSddmYSZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee4KEUaUd59sqrKyurW8UN0tb2zu7e3Z5v6XiVGLSxDGLZSdAijAqSFNTzUgnkQTxgJF2MLqe+u0HIhWNxb0eJ8TjqC9oRDHSRvLtcujTy55KuT+EN35GhxPfrjhVZwa4TNycVECOhm9/9cIYp5wIjRlSqus6ifYyJDXFjExKvVSRBOER6pOuoQJxorxsdvoEHhslhFEsTQkNZ+rviQxxpcY8MJ0c6YFa9Kbif1431dGFl1GRpJoIPF8UpQzqGE5zgCGVBGs2NgRhSc2tEA+QRFibtEomBHfx5WXSqlXds2rt7rRSv8rjKIJDcAROgAvOQR3cggZoAgwewTN4BW/Wk/VivVsf89aClc8cgD+wPn8A8CmTzQ==</latexit>

di =
X

j

Dijii
<latexit sha1_base64="jjO2LaCuoen0nVooySmglonp00Q=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUwWMF+wFtKJPtpl262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rF8MOOE+REOJA85RWOl9m2viyIZYq9UdivuDGSZeDkpQ456r/TV7cc0jZg0VKDWHc9NjJ+hMpwKNil2U80SpCMcsI6lEiOm/Wx274ScWqVPwljZkobM1N8TGUZaj6PAdkZohnrRm4r/eZ3UhFd+xmWSGibpfFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiIijYEb/HlZdKsVryLSvX+vFy7zuMowDGcwBl4cAk1uIM6NICCgGd4hTfn0Xlx3p2PeeuKk88cwR84nz/UZY/X</latexit>

E↵

<latexit sha1_base64="R6m/l1BMKUjZxXd8F0w94RsMmho=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeiCB4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nfntJ9BGxOoRJwn4ERsqEQrO0Ertu34vAGT9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7rNYeLir1mzyOIjkhp+SceOSK1Mk9aZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAMIY9j</latexit>

E�

j

2

1

3
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Question
Assume         to be a stable solution of the isolated system

<latexit sha1_base64="Vl8vUgS4CbeR5gKBS00R+0DLujw=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klRj0SvXjERJAENmR2mIUJsw9neknIhu/w4kFjvPox3vwbZ2EPClYySaWqO11TXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCoraNEMd5ikYxUx6OaSxHyFgqUvBMrTgNP8kdvfJv5jxOutIjCB5zG3A3oMBS+YBSN5PYCiiPPT/Wsiuf9csWu2XOQVeLkpAI5mv3yV28QsSTgITJJte46doxuShUKJvms1Es0jykb0yHvGhrSgGs3nYeekTOjDIgfKfNCJHP190ZKA62ngWcms5B62cvE/7xugv61m4owTpCHbHHITyTBiGQNkIFQnKGcGkKZEiYrYSOqKEPTU8mU4Cx/eZW06zXnsla/v6g0bvI6inACp1AFB66gAXfQhBYweIJneIU3a2K9WO/Wx2K0YOU7x/AH1ucPnvOSAQ==</latexit>

s(t)

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

dx(i)

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

is it possible to destabilise it using the multi-body interaction ?

ii
<latexit sha1_base64="jjO2LaCuoen0nVooySmglonp00Q=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUwWMF+wFtKJPtpl262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rF8MOOE+REOJA85RWOl9m2viyIZYq9UdivuDGSZeDkpQ456r/TV7cc0jZg0VKDWHc9NjJ+hMpwKNil2U80SpCMcsI6lEiOm/Wx274ScWqVPwljZkobM1N8TGUZaj6PAdkZohnrRm4r/eZ3UhFd+xmWSGibpfFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiIijYEb/HlZdKsVryLSvX+vFy7zuMowDGcwBl4cAk1uIM6NICCgGd4hTfn0Xlx3p2PeeuKk88cwR84nz/UZY/X</latexit>

E↵

<latexit sha1_base64="UluGXhU/GYWJ6/fYjpE2DAJX0uI="></latexit>

dx(i)

dt
=

1

di

X

j

DijF(x
(i),x(j))
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High-order Volterra model
<latexit sha1_base64="utGcULsAa7lbrn3PKIcXDNKA9o0="></latexit>(
ẋ = �dx+ c1xy

ẏ = ry � sy2 � c2xy ,

x = density of predators
y = density of preys

<latexit sha1_base64="YM83YfULtRZuXlnePnM0pu1sPgk=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMGSFFE3QtGNywr2Am0Mk8mkHTqZhJmJWEI2bnwVNy4Uces7uPNtnLRZaPWHgY//nMOZ83sxo1JZ1pdRmptfWFwqL1dWVtfWN8zNrbaMEoFJC0csEl0PScIoJy1FFSPdWBAUeox0vNFlXu/cESFpxG/UOCZOiAacBhQjpS3X3L2/PYTnsB8IhFPs2uJI+lkO2K1nrlm1atZE8C/YBVRBoaZrfvb9CCch4QozJGXPtmLlpEgoihnJKv1EkhjhERqQnkaOQiKddHJFBve148MgEvpxBSfuz4kUhVKOQ093hkgN5WwtN/+r9RIVnDkp5XGiCMfTRUHCoIpgHgn0qSBYsbEGhAXVf4V4iHQgSgdX0SHYsyf/hXa9Zp/U6tfH1cZFEUcZ7IA9cABscAoa4Ao0QQtg8ACewAt4NR6NZ+PNeJ+2loxiZhv8kvHxDcfSl38=</latexit>

x⇤ =
c1r � sd

c1c2

<latexit sha1_base64="wNqKjd6m1CFScxGcT7vZ1cybAwA=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSKIi5IUUTdC0Y3LCvYBbQyT6aQdOnkwM1FCzKe4caGIW7/EnX/jtM1CWw9cOJxzL/fe48WcSWVZ38bS8srq2nppo7y5tb2za1b22jJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjja8nfueBCsmi8E6lMXUCPAyZzwhWWnLNSnp/ctn3BSbZIM+Ia+euWbVq1hRokdgFqUKBpmt+9QcRSQIaKsKxlD3bipWTYaEY4TQv9xNJY0zGeEh7moY4oNLJpqfn6EgrA+RHQleo0FT9PZHhQMo08HRngNVIznsT8T+vlyj/wslYGCeKhmS2yE84UhGa5IAGTFCieKoJJoLpWxEZYZ2D0mmVdQj2/MuLpF2v2We1+u1ptXFVxFGCAziEY7DhHBpwA01oAYFHeIZXeDOejBfj3fiYtS4Zxcw+/IHx+QMCRZPZ</latexit>

y⇤ =
d

c1

<latexit sha1_base64="l6+laSr7bNjxzEaXJTJtmkiDhMs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHqSohePFeyHtEvJZrNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WDGCfUFHkgWMYKNlR5J31NnOrx2++WKW3VnQMvEy0kFcjT65a9eGJNUUGkIx1p3PTcxfoaVYYTTSamXappgMsID2rVUYkG1n80OnqATq4QoipUtadBM/T2RYaH1WAS2U2Az1IveVPzP66YmuvIzJpPUUEnmi6KUIxOj6fcoZIoSw8eWYKKYvRWRIVaYGJtRyYbgLb68TFq1qndRrd2fV+o3eRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwC0Ro+y</latexit>

c1r � sd > 0

Stable equilibrium 
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High-order Volterra model : sketch of the method
<latexit sha1_base64="gFWRe0/FKTmysWx67WW41x36BKY="></latexit>(
ẋi = �dxi + ac1yi

1
di

P
j Dijxj + (1� a)c1xi

1
di

P
j Dijyj

ẏi = ryi � syi
1
di

P
j Dijyj � c2yi

1
di

P
j Dijxj ,
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High-order Volterra model : sketch of the method
<latexit sha1_base64="gFWRe0/FKTmysWx67WW41x36BKY="></latexit>(
ẋi = �dxi + ac1yi

1
di

P
j Dijxj + (1� a)c1xi

1
di

P
j Dijyj

ẏi = ryi � syi
1
di

P
j Dijyj � c2yi

1
di

P
j Dijxj ,

(consensus) high-order Laplace matrix 
<latexit sha1_base64="9QbS6gd+a0gFcWaWDvEZEPkhqt8=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQC8NuELUM2lhYRDAPyMZwd3Y2GTI7u87MCmFJaeOv2FgoYusn2Pk3Th6FJh4YOJxzD3fu8WLOlLbtbyuzsLi0vJJdza2tb2xu5bd36ipKJKE1EvFINj1QlDNBa5ppTpuxpBB6nDa8/uXIbzxQqVgkbvUgpu0QuoIFjIA2Uie/f1x2Ob3H7rXJ+HCXFl3gcQ+OhmPZ7uQLdskeA88TZ0oKaIpqJ//l+hFJQio04aBUy7Fj3U5BakY4HebcRNEYSB+6tGWogJCqdjo+ZIgPjeLjIJLmCY3H6u9ECqFSg9AzkyHonpr1RuJ/XivRwXk7ZSJONBVksihIONYRHrWCfSYp0XxgCBDJzF8x6YEEok13OVOCM3vyPKmXS85pqXxzUqhcTOvIoj10gIrIQWeogq5QFdUQQY/oGb2iN+vJerHerY/JaMaaZnbRH1ifP9aDmJk=</latexit>

�2  ⇤(↵)  0

<latexit sha1_base64="n+Esx2YvX+rjETD2YXCQ9gomX3k=">AAACGnicbVBLS8NAGNzUV62vqEcvwSJ4sSRF1ItQ1IMHDxXsA5oQNptNu3bzYHcjlCW/w4t/xYsHRbyJF/+NmzQHbR1YmJ35PnZnvIQSLkzzW6ssLC4tr1RXa2vrG5tb+vZOl8cpQ7iDYhqzvgc5piTCHUEExf2EYRh6FPe88WXu9x4w4ySO7sQkwU4IhxEJCIJCSa5u2SEUIwSpvMlcSe6zcztgEMmr4pJJ3yXZkbR9TAWcSq5eNxtmAWOeWCWpgxJtV/+0/RilIY4EopDzgWUmwpGQCYIozmp2ynEC0RgO8UDRCIaYO7KIlhkHSvGNIGbqRMIo1N8bEoacT0JPTeZB+KyXi/95g1QEZ44kUZIKHKHpQ0FKDREbeU+GTxhGgk4UgYgR9VcDjaCqRqg2a6oEazbyPOk2G9ZJo3l7XG9dlHVUwR7YB4fAAqegBa5BG3QAAo/gGbyCN+1Je9HetY/paEUrd3bBH2hfP/XDorQ=</latexit>

Lij =
Dij

di
� �ij

<latexit sha1_base64="Qhzfo6cPHBvWkXF8xIB4iSYxT34="></latexit>

c1yi
1

di

X

j

Dijxj�c1yixi+c1yixi

<latexit sha1_base64="VVDIjH13s6Jt788rELXKfcLD0ME="></latexit>

= c1yi
X

j

✓
Dij

di
� �ij

◆
xj+c1yixi

<latexit sha1_base64="P2ea2itkEMVMdKYnbPm4Mb7ik+s="></latexit>

= c1yi
X

j

Lijxj+c1yixi
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High-order Volterra model : sketch of the method
<latexit sha1_base64="gFWRe0/FKTmysWx67WW41x36BKY="></latexit>(
ẋi = �dxi + ac1yi

1
di

P
j Dijxj + (1� a)c1xi

1
di

P
j Dijyj

ẏi = ryi � syi
1
di

P
j Dijyj � c2yi

1
di

P
j Dijxj ,

<latexit sha1_base64="ycbSMQbUNRS7T9ml81w0io5FLvs="></latexit>(
ẋi = �dxi + c1yixi + ac1yi

P
j Lijxj + (1� a)c1xi

P
j Lijyj

ẏi = ryi � sy2i � c2yixi � syi
P

j Lijyj � c2yi
P

j Lijxj ,

1
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High-order Volterra model : sketch of the method
<latexit sha1_base64="gFWRe0/FKTmysWx67WW41x36BKY="></latexit>(
ẋi = �dxi + ac1yi

1
di

P
j Dijxj + (1� a)c1xi

1
di

P
j Dijyj

ẏi = ryi � syi
1
di

P
j Dijyj � c2yi

1
di

P
j Dijxj ,

<latexit sha1_base64="ycbSMQbUNRS7T9ml81w0io5FLvs="></latexit>(
ẋi = �dxi + c1yixi + ac1yi

P
j Lijxj + (1� a)c1xi

P
j Lijyj

ẏi = ryi � sy2i � c2yixi � syi
P

j Lijyj � c2yi
P

j Lijxj ,

Linearise about             and project on the eigenmodes  
<latexit sha1_base64="zyUlNLH040ecNUT8T8R49tGPgxw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQi5SkiHosevFYwX5Im5bNdtsu3d2E3Y0YQn+FFw+KePXnePPfuG1z0NYHA4/3ZpiZ54eMKu0431ZmZXVtfSO7mdva3tndy+8fNFQQSUzqOGCBbPlIEUYFqWuqGWmFkiDuM9L0xzdTv/lIpKKBuNdxSDyOhoIOKEbaSA/Fp27pLO6WTnv5glN2ZrCXiZuSAqSo9fJfnX6AI06Exgwp1XadUHsJkppiRia5TqRIiPAYDUnbUIE4UV4yO3hinxilbw8CaUpoe6b+nkgQVyrmvunkSI/UojcV//PakR5ceQkVYaSJwPNFg4jZOrCn39t9KgnWLDYEYUnNrTYeIYmwNhnlTAju4svLpFEpuxflyt15oXqdxpGFIziGIrhwCVW4hRrUAQOHZ3iFN0taL9a79TFvzVjpzCH8gfX5AyvNj1k=</latexit>

(x⇤, y⇤)
<latexit sha1_base64="OQoJS+Q8ooqxcnEVGzmJi61ot/k=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiRF1GXRjcsK9gFNLJPppBk6mQwzE6XEfIobF4q49Uvc+TdO2yy09cCFwzn3cu89gWBUacf5tlZW19Y3Nktb5e2d3b19u3LQUUkqMWnjhCWyFyBFGOWkralmpCckQXHASDcYX0/97gORiib8Tk8E8WM04jSkGGkjDexK5omI5vdZzUNMROg0H9hVp+7MAJeJW5AqKNAa2F/eMMFpTLjGDCnVdx2h/QxJTTEjedlLFREIj9GI9A3lKCbKz2an5/DEKEMYJtIU13Cm/p7IUKzUJA5MZ4x0pBa9qfif1091eOlnlItUE47ni8KUQZ3AaQ5wSCXBmk0MQVhScyvEEZIIa5NW2YTgLr68TDqNunteb9yeVZtXRRwlcASOQQ244AI0wQ1ogTbA4BE8g1fwZj1ZL9a79TFvXbGKmUPwB9bnDzjQk/o=</latexit>

�(↵)

<latexit sha1_base64="79xJfE2GDOKPfi2GHql4peZyr3s=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCRShJEXUjFN24rGAv0KRhMp00QycX5iKU0Idw46u4caGIWxfufBunTRba+sPAN/85h5nz+ymjQlrWt7G0vLK6tl7aKG9ube/smnv7bZEojkkLJyzhXR8JwmhMWpJKRropJyjyGen4o5tpvfNAuKBJfC/HKXEjNIxpQDGS2vLMU+XRK0eoyHMQS0MEVT/LaeKkIfVoP6vm95OJZ1asmjUTXAS7gAoo1PTML2eQYBWRWGKGhOjZVirdDHFJMSOTsqMESREeoSHpaYxRRISbzZaawGPtDGCQcH1iCWfu74kMRUKMI193RkiGYr42Nf+r9ZQMLt2MxqmSJMb5Q4FiUCZwmhAcUE6wZGMNCHOq/wpxiDjCUudY1iHY8ysvQrtes89r9buzSuO6iKMEDsERqAIbXIAGuAVN0AIYPIJn8ArejCfjxXg3PvLWJaOYOQB/ZHz+AGEynwc=</latexit>

ui =
X

↵

u↵�(↵)
i

<latexit sha1_base64="aItF4DWn6XngksOuW+/mcBNDiE4="></latexit>

d

dt

✓
u↵

v↵

◆
=

✓
0 c1x⇤

�c2y⇤ �sy⇤

◆
+ ⇤(↵)

✓
ac1y⇤ (1� a)c1x⇤

�c2y⇤ �sy⇤

◆�✓
u↵

v↵

◆

<latexit sha1_base64="k1u/aO8WFtg7lFlzhCri+2Wpdq4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqgboejGZQV7gSYNk+mkGTq5MDMplJCHcOOruHGhiFsX7nwbp00W2vrDwDf/OYeZ87sxo0IaxrdWWlldW98ob1a2tnd29/T9g46IEo5JG0cs4j0XCcJoSNqSSkZ6MScocBnpuuPbWb07IVzQKHyQ05jYARqF1KMYSWU5+tnEodeWSALHQiz2EZwM0pwyK/apQwdpLb+fZo5eNerGXHAZzAKqoFDL0b+sYYSTgIQSMyRE3zRiaaeIS4oZySpWIkiM8BiNSF9hiAIi7HS+VAZPlDOEXsTVCSWcu78nUhQIMQ1c1Rkg6YvF2sz8r9ZPpHdlpzSME0lCnD/kJQzKCM4SgkPKCZZsqgBhTtVfIfYRR1iqHCsqBHNx5WXoNOrmRb1xf15t3hRxlMEROAY1YIJL0AR3oAXaAINH8AxewZv2pL1o79pH3lrSiplD8Efa5w9kfp8J</latexit>

vi =
X

↵

v↵�(↵)
i

1

2

3
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High-order Volterra model : sketch of the method
<latexit sha1_base64="aItF4DWn6XngksOuW+/mcBNDiE4="></latexit>

d

dt

✓
u↵

v↵

◆
=

✓
0 c1x⇤

�c2y⇤ �sy⇤

◆
+ ⇤(↵)

✓
ac1y⇤ (1� a)c1x⇤

�c2y⇤ �sy⇤

◆�✓
u↵

v↵

◆

<latexit sha1_base64="pAR+o5lhfqBH/lWvftcwlTPLC3w=">AAACDHicbVDLSsNAFJ34rPVVdekmWIR2U5Ii6kYounHhooJ9QBPLzWTSDp1MwsxEKKEf4MZfceNCEbd+gDv/xmmahbZeGO7hnHO5c48XMyqVZX0bS8srq2vrhY3i5tb2zm5pb78to0Rg0sIRi0TXA0kY5aSlqGKkGwsCocdIxxtdTfXOAxGSRvxOjWPihjDgNKAYlKb6pbLDtNmHi7xXnJus36cVB1g8hOqkql1WzcrKXAR2Dsoor2a/9OX4EU5CwhVmIGXPtmLlpiAUxYxMik4iSQx4BAPS05BDSKSbZsdMzGPN+GYQCf24MjP290QKoZTj0NPOENRQzmtT8j+tl6jg3E0pjxNFOJ4tChJmqsicJmP6VBCs2FgDwILqv5p4CAKw0vkVdQj2/MmLoF2v2ae1+u1JuXGZx1FAh+gIVZCNzlADXaMmaiGMHtEzekVvxpPxYrwbHzPrkpHPHKA/ZXz+AKzmmr4=</latexit>

� = �(⇤(↵)) Eigenvalue with the largest real part  
(dispersion relation / largest Lyapunov exponent)

<latexit sha1_base64="zyUlNLH040ecNUT8T8R49tGPgxw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQi5SkiHosevFYwX5Im5bNdtsu3d2E3Y0YQn+FFw+KePXnePPfuG1z0NYHA4/3ZpiZ54eMKu0431ZmZXVtfSO7mdva3tndy+8fNFQQSUzqOGCBbPlIEUYFqWuqGWmFkiDuM9L0xzdTv/lIpKKBuNdxSDyOhoIOKEbaSA/Fp27pLO6WTnv5glN2ZrCXiZuSAqSo9fJfnX6AI06Exgwp1XadUHsJkppiRia5TqRIiPAYDUnbUIE4UV4yO3hinxilbw8CaUpoe6b+nkgQVyrmvunkSI/UojcV//PakR5ceQkVYaSJwPNFg4jZOrCn39t9KgnWLDYEYUnNrTYeIYmwNhnlTAju4svLpFEpuxflyt15oXqdxpGFIziGIrhwCVW4hRrUAQOHZ3iFN0taL9a79TFvzVjpzCH8gfX5AyvNj1k=</latexit>

(x⇤, y⇤) is unstable if there exists        such that
<latexit sha1_base64="fO5usQdSLDpozk2GQpMvJ8TNzyk=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAh1U5Ii6rLoxoWLCvYBTSw3k0k7dDIJMxOxhPyKGxeKuPVH3Pk3TtsstPXAwOGcc7l3jp8wKpVtfxsrq2vrG5ulrfL2zu7evnlQ6cg4FZi0ccxi0fNBEkY5aSuqGOklgkDkM9L1x9dTv/tIhKQxv1eThHgRDDkNKQalpYFZcW91OICHrOYCS0Zwmg/Mql23Z7CWiVOQKirQGphfbhDjNCJcYQZS9h07UV4GQlHMSF52U0kSwGMYkr6mHCIivWx2e26daCWwwljox5U1U39PZBBJOYl8nYxAjeSiNxX/8/qpCi+9jPIkVYTj+aIwZZaKrWkRVkAFwYpNNAEsqL7VwiMQgJWuq6xLcBa/vEw6jbpzXm/cnVWbV0UdJXSEjlENOegCNdENaqE2wugJPaNX9GbkxovxbnzMoytGMXOI/sD4/AFropQM</latexit>

⇤(↵)

<latexit sha1_base64="zBL5ybLwlv9Nb8kdo5yTtjkQbOo=">AAACDnicbVDLSsNAFJ34rPUVdekmWArtpiRF1I1SdOPCRQX7gCaWm8mkHTp5MDMRSugXuPFX3LhQxK1rd/6N0zQLbb0w3MM553LnHjdmVEjT/NaWlldW19YLG8XNre2dXX1vvy2ihGPSwhGLeNcFQRgNSUtSyUg35gQCl5GOO7qa6p0HwgWNwjs5jokTwCCkPsUgFdXXyzZTZg/O816xb7J+n1ZsYPEQqpPqhdnXS2bNzMpYBFYOSiivZl//sr0IJwEJJWYgRM8yY+mkwCXFjEyKdiJIDHgEA9JTMISACCfNzpkYZcV4hh9x9UJpZOzviRQCIcaBq5wByKGY16bkf1ovkf6Zk9IwTiQJ8WyRnzBDRsY0G8OjnGDJxgoA5lT91cBD4IClSrCoQrDmT14E7XrNOqnVb49Ljcs8jgI6REeogix0ihroGjVRC2H0iJ7RK3rTnrQX7V37mFmXtHzmAP0p7fMHt9ebQA==</latexit>

� = �(⇤(↵)) > 0

<latexit sha1_base64="zyUlNLH040ecNUT8T8R49tGPgxw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQi5SkiHosevFYwX5Im5bNdtsu3d2E3Y0YQn+FFw+KePXnePPfuG1z0NYHA4/3ZpiZ54eMKu0431ZmZXVtfSO7mdva3tndy+8fNFQQSUzqOGCBbPlIEUYFqWuqGWmFkiDuM9L0xzdTv/lIpKKBuNdxSDyOhoIOKEbaSA/Fp27pLO6WTnv5glN2ZrCXiZuSAqSo9fJfnX6AI06Exgwp1XadUHsJkppiRia5TqRIiPAYDUnbUIE4UV4yO3hinxilbw8CaUpoe6b+nkgQVyrmvunkSI/UojcV//PakR5ceQkVYaSJwPNFg4jZOrCn39t9KgnWLDYEYUnNrTYeIYmwNhnlTAju4svLpFEpuxflyt15oXqdxpGFIziGIrhwCVW4hRrUAQOHZ3iFN0taL9a79TFvzVjpzCH8gfX5AyvNj1k=</latexit>

(x⇤, y⇤) is stable if for all
<latexit sha1_base64="fO5usQdSLDpozk2GQpMvJ8TNzyk=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAh1U5Ii6rLoxoWLCvYBTSw3k0k7dDIJMxOxhPyKGxeKuPVH3Pk3TtsstPXAwOGcc7l3jp8wKpVtfxsrq2vrG5ulrfL2zu7evnlQ6cg4FZi0ccxi0fNBEkY5aSuqGOklgkDkM9L1x9dTv/tIhKQxv1eThHgRDDkNKQalpYFZcW91OICHrOYCS0Zwmg/Mql23Z7CWiVOQKirQGphfbhDjNCJcYQZS9h07UV4GQlHMSF52U0kSwGMYkr6mHCIivWx2e26daCWwwljox5U1U39PZBBJOYl8nYxAjeSiNxX/8/qpCi+9jPIkVYTj+aIwZZaKrWkRVkAFwYpNNAEsqL7VwiMQgJWuq6xLcBa/vEw6jbpzXm/cnVWbV0UdJXSEjlENOegCNdENaqE2wugJPaNX9GbkxovxbnzMoytGMXOI/sD4/AFropQM</latexit>

⇤(↵)

<latexit sha1_base64="+dSbyAWrTC7iY0TPfNzMAJsOJAs=">AAACDnicbVDLSsNAFJ34rPUVdekmWArtpiRF1IVC0Y0LFxXsA5pYbiaTdujkwcxEKKFf4MZfceNCEbeu3fk3TtMstPXCcA/nnMude9yYUSFN81tbWl5ZXVsvbBQ3t7Z3dvW9/baIEo5JC0cs4l0XBGE0JC1JJSPdmBMIXEY67uhqqnceCBc0Cu/kOCZOAIOQ+hSDVFRfL9tMmT24yHvFvsn6fVqxgcVDqE6q52ZfL5k1MytjEVg5KKG8mn39y/YinAQklJiBED3LjKWTApcUMzIp2okgMeARDEhPwRACIpw0O2dilBXjGX7E1QulkbG/J1IIhBgHrnIGIIdiXpuS/2m9RPpnTkrDOJEkxLNFfsIMGRnTbAyPcoIlGysAmFP1VwMPgQOWKsGiCsGaP3kRtOs166RWvz0uNS7zOAroEB2hCrLQKWqga9RELYTRI3pGr+hNe9JetHftY2Zd0vKZA/SntM8ftM2bPg==</latexit>

� = �(⇤(↵)) < 0
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High-order Volterra model : avoid predators extinction
<latexit sha1_base64="NeXnuT6F8Nc19VwDTgVd9Lctbls=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSKIh7JbRL0IRS8eK7htoV1LNs22oUl2SbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPHqSLUJzGPVSvEmnImqW+Y4bSVKIpFyGkzHN5M/OYjVZrF8t6MEhoI3JcsYgQbK/lPD6dXbrdUdivuFGiReDkpQ456t/TV6cUkFVQawrHWbc9NTJBhZRjhdFzspJommAxxn7YtlVhQHWTTY8fo2Co9FMXKljRoqv6eyLDQeiRC2ymwGeh5byL+57VTE10GGZNJaqgks0VRypGJ0eRz1GOKEsNHlmCimL0VkQFWmBibT9GG4M2/vEga1Yp3XqnenZVr13kcBTiEIzgBDy6gBrdQBx8IMHiGV3hzpPPivDsfs9YlJ585gD9wPn8A8xyOIA==</latexit>

x⇤ = 0
<latexit sha1_base64="bDHo2RtuAE98LYf8ggW/uWw5Lys=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBPJSkiHoRil48VjBtoY1ls920SzebsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz84KEM6Ud59sqrayurW+UNytb2zu7e/b+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML6d+u0nKhWLxYPOEupHeChYyAjWRvKyx7Nrt29XnZozA1ombkGqUKDZt796g5ikERWacKxU13US7edYakY4nVR6qaIJJmM8pF1DBY6o8vPZsRN0YpQBCmNpSmg0U39P5DhSKosC0xlhPVKL3lT8z+umOrzycyaSVFNB5ovClCMdo+nnaMAkJZpnhmAimbkVkRGWmGiTT8WE4C6+vExa9Zp7Uavfn1cbN0UcZTiCYzgFFy6hAXfQBA8IMHiGV3izhPVivVsf89aSVcwcwh9Ynz/2KI4i</latexit>

y⇤ = 1
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High-order Volterra model : avoid predators extinction
<latexit sha1_base64="NeXnuT6F8Nc19VwDTgVd9Lctbls=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSKIh7JbRL0IRS8eK7htoV1LNs22oUl2SbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPHqSLUJzGPVSvEmnImqW+Y4bSVKIpFyGkzHN5M/OYjVZrF8t6MEhoI3JcsYgQbK/lPD6dXbrdUdivuFGiReDkpQ456t/TV6cUkFVQawrHWbc9NTJBhZRjhdFzspJommAxxn7YtlVhQHWTTY8fo2Co9FMXKljRoqv6eyLDQeiRC2ymwGeh5byL+57VTE10GGZNJaqgks0VRypGJ0eRz1GOKEsNHlmCimL0VkQFWmBibT9GG4M2/vEga1Yp3XqnenZVr13kcBTiEIzgBDy6gBrdQBx8IMHiGV3hzpPPivDsfs9YlJ585gD9wPn8A8xyOIA==</latexit>

x⇤ = 0
<latexit sha1_base64="bDHo2RtuAE98LYf8ggW/uWw5Lys=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBPJSkiHoRil48VjBtoY1ls920SzebsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz84KEM6Ud59sqrayurW+UNytb2zu7e/b+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML6d+u0nKhWLxYPOEupHeChYyAjWRvKyx7Nrt29XnZozA1ombkGqUKDZt796g5ikERWacKxU13US7edYakY4nVR6qaIJJmM8pF1DBY6o8vPZsRN0YpQBCmNpSmg0U39P5DhSKosC0xlhPVKL3lT8z+umOrzycyaSVFNB5ovClCMdo+nnaMAkJZpnhmAimbkVkRGWmGiTT8WE4C6+vExa9Zp7Uavfn1cbN0UcZTiCYzgFFy6hAXfQBA8IMHiGV3izhPVivVsf89aSVcwcwh9Ynz/2KI4i</latexit>

y⇤ = 1
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Dynamical systems on hypergraphs

i = 1, . . . , n

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

ii

Diffusive-like 
coupling

Mean field  
hyperedge 
coupling

<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
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Diffusive-like hyperedges coupling

i = 1, . . . , n

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

Diffusive-like 
coupling

<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 Rd

i

j
j’

j”E1

<latexit sha1_base64="ZTTL+Ly32Ms7ziKU/0qXbjCyVFc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSMXFuQRE8RjQLJEPo6fQkTXoWunuEMOQTvHhQxKtf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrK6tb+Q3C1vbO7t7xf2DloxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748uZ376nQrI4ulOThHohHkYsYAQrLd1e9e1+sWSZdsWuOGfIMl3XrdZqmljlSrXsINu05ijBEo1+8b03iEka0kgRjqXs2laivAwLxQin00IvlTTBZIyHtKtphEMqvWx+6hSdaGWAgljoihSaq98nMhxKOQl93RliNZK/vZn4l9dNVXDuZSxKUkUjslgUpBypGM3+RgMmKFF8ogkmgulbERlhgYnS6RR0CF+fov9Jq2zajuneOKX6xTKOPBzBMZyCDTWowzU0oAkEhvAAT/BscOPReDFeF605YzlzCD9gvH0CNwqNyg==</latexit>

E2

<latexit sha1_base64="JSdqIQh/+QSYqCjzC/lQRz8o3e0=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KptSbHsriuCxov2AdinZNNuGZrNLkhXK0p/gxYMiXv1F3vw3ZtsKKvpg4PHeDDPz/FhwbVz3w1lZXVvf2Mxt5bd3dvf2CweHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k8vM79wzpXkk78w0Zl5IRpIHnBJjpdurQXlQKLol13UxxigjuHruWlKv18q4hnBmWRRhieag8N4fRjQJmTRUEK172I2NlxJlOBVslu8nmsWETsiI9SyVJGTaS+enztCpVYYoiJQtadBc/T6RklDraejbzpCYsf7tZeJfXi8xQc1LuYwTwyRdLAoSgUyEsr/RkCtGjZhaQqji9lZEx0QRamw6eRvC16fof9Iul3ClVL+pFBsXyzhycAwncAYYqtCAa2hCCyiM4AGe4NkRzqPz4rwuWlec5cwR/IDz9gkQWI2w</latexit>

E3

<latexit sha1_base64="2j54Y3fpVsuS6sMO27HM8kBBvVs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSIcstKILHiGaBZAg9nZ6kSc9Cd48QhnyCFw+KePWLvPk39iQRVPRBweO9KqrqeTFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1ppeZ372nQrIovFOzmLoBHofMZwQrLd1eDSvDYskyG/Vq2akiy7Ssml22M1KuORUH2VrJUIIVWsPi+2AUkSSgoSIcS9m3rVi5KRaKEU7nhUEiaYzJFI9pX9MQB1S66eLUOTrTygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfiX10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6BR3C16fof9Ipm7ZjNm6cUvNiFUceTuAUzsGGGjThGlrQBgJjeIAneDa48Wi8GK/L1pyxmjmGHzDePgEk9Y29</latexit>

i

j
j’

j”E1

<latexit sha1_base64="ZTTL+Ly32Ms7ziKU/0qXbjCyVFc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSMXFuQRE8RjQLJEPo6fQkTXoWunuEMOQTvHhQxKtf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrK6tb+Q3C1vbO7t7xf2DloxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748uZ376nQrI4ulOThHohHkYsYAQrLd1e9e1+sWSZdsWuOGfIMl3XrdZqmljlSrXsINu05ijBEo1+8b03iEka0kgRjqXs2laivAwLxQin00IvlTTBZIyHtKtphEMqvWx+6hSdaGWAgljoihSaq98nMhxKOQl93RliNZK/vZn4l9dNVXDuZSxKUkUjslgUpBypGM3+RgMmKFF8ogkmgulbERlhgYnS6RR0CF+fov9Jq2zajuneOKX6xTKOPBzBMZyCDTWowzU0oAkEhvAAT/BscOPReDFeF605YzlzCD9gvH0CNwqNyg==</latexit>

E2

<latexit sha1_base64="JSdqIQh/+QSYqCjzC/lQRz8o3e0=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KptSbHsriuCxov2AdinZNNuGZrNLkhXK0p/gxYMiXv1F3vw3ZtsKKvpg4PHeDDPz/FhwbVz3w1lZXVvf2Mxt5bd3dvf2CweHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k8vM79wzpXkk78w0Zl5IRpIHnBJjpdurQXlQKLol13UxxigjuHruWlKv18q4hnBmWRRhieag8N4fRjQJmTRUEK172I2NlxJlOBVslu8nmsWETsiI9SyVJGTaS+enztCpVYYoiJQtadBc/T6RklDraejbzpCYsf7tZeJfXi8xQc1LuYwTwyRdLAoSgUyEsr/RkCtGjZhaQqji9lZEx0QRamw6eRvC16fof9Iul3ClVL+pFBsXyzhycAwncAYYqtCAa2hCCyiM4AGe4NkRzqPz4rwuWlec5cwR/IDz9gkQWI2w</latexit>

E3

<latexit sha1_base64="2j54Y3fpVsuS6sMO27HM8kBBvVs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSIcstKILHiGaBZAg9nZ6kSc9Cd48QhnyCFw+KePWLvPk39iQRVPRBweO9KqrqeTFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1ppeZ372nQrIovFOzmLoBHofMZwQrLd1eDSvDYskyG/Vq2akiy7Ssml22M1KuORUH2VrJUIIVWsPi+2AUkSSgoSIcS9m3rVi5KRaKEU7nhUEiaYzJFI9pX9MQB1S66eLUOTrTygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfiX10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6BR3C16fof9Ipm7ZjNm6cUvNiFUceTuAUzsGGGjThGlrQBgJjeIAneDa48Wi8GK/L1pyxmjmGHzDePgEk9Y29</latexit>
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i = 1, . . . , n

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

nonlinear 
coupling function

<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 Rd

<latexit sha1_base64="etzBgANXQQhS+5PQ/zWcxghIAKU="></latexit>

dx(i)

dt
= f(x(i))� ✏

X

↵

ei↵
X

j

ej↵'(C↵↵)
h
G(x(i))�G(x(j))

i

Diffusive-like hyperedges coupling

1

2
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i = 1, . . . , n

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

nonlinear 
coupling function

<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 Rd

<latexit sha1_base64="etzBgANXQQhS+5PQ/zWcxghIAKU="></latexit>

dx(i)

dt
= f(x(i))� ✏

X

↵

ei↵
X

j

ej↵'(C↵↵)
h
G(x(i))�G(x(j))

i

<latexit sha1_base64="rEek5246IkgTeC9YENXX/n51330=">AAACBnicbVDLSgMxFM34rPU16lKEYBHcWGaKqBuhqAsXLirYB7TDkMnctrGZB0lGKENXbvwVNy4Uces3uPNvTKez0NYDISfn3MvNPV7MmVSW9W3MzS8sLi0XVoqra+sbm+bWdkNGiaBQpxGPRMsjEjgLoa6Y4tCKBZDA49D0Bpdjv/kAQrIovFPDGJyA9ELWZZQoLbnm3o2bsvvRue8y3PGBK5K9j66yyzVLVtnKgGeJnZMSylFzza+OH9EkgFBRTqRs21asnJQIxSiHUbGTSIgJHZAetDUNSQDSSbM1RvhAKz7uRkKfUOFM/d2RkkDKYeDpyoCovpz2xuJ/XjtR3TMnZWGcKAjpZFA34VhFeJwJ9pkAqvhQE0IF03/FtE8EoUonV9Qh2NMrz5JGpWyflCu3x6XqRR5HAe2ifXSIbHSKquga1VAdUfSIntErejOejBfj3fiYlM4Zec8O+gPj8wc+gZj+</latexit>

Lij = di�ij �Dij

<latexit sha1_base64="HXF9SW+o9xeiLHA/mJ9mzOFbaMw="></latexit>

dx(i)

dt
= f(x(i))� ✏

X

j

LijG(x(j))

(combinatorial) 
high-order Laplace matrix 

Diffusive-like hyperedges coupling

<latexit sha1_base64="vxX6Ves2Dj66XSXvEyifzurc5SQ=">AAACAXicbVC7SgNBFJ31GeNr1UawGQxCbMJuELUM2lhYRDAPyK7h7uxsMmT24cysEJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjJZxJZVnfxsLi0vLKamGtuL6xubVt7uw2ZZwKQhsk5rFoeyApZxFtKKY4bSeCQuhx2vIGl2O/9UCFZHF0q4YJdUPoRSxgBJSWuua+c63DPtxlZQd40ofjkdOj99jqmiWrYk2A54mdkxLKUe+aX44fkzSkkSIcpOzYVqLcDIRihNNR0UklTYAMoEc7mkYQUulmkwtG+EgrPg5ioV+k8ET9PZFBKOUw9HQyBNWXs95Y/M/rpCo4dzMWJamiEZkuClKOVYzHdWCfCUoUH2oCRDD9V0z6IIAoXVpRl2DPnjxPmtWKfVqp3pyUahd5HQV0gA5RGdnoDNXQFaqjBiLoET2jV/RmPBkvxrvxMY0uGPnMHvoD4/MHXXuWMQ==</latexit>

⇤(↵) � 0

1

2

3
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Master Stability Function on hypergraphs

Homogeneous solution of 
the interconnected system

�xi = xi � s

<latexit sha1_base64="uupf2lkb4dNWMLihPW2BdOfaD8A=">AAACGHicbVDLSsNAFJ34rPUVdelmsAhurIkU1IVQdOOygn1AE8JkMmmHTiZhZiKW0M9w46+4caGI2+78GydtENt6YODcc+5l7j1+wqhUlvVtLC2vrK6tlzbKm1vbO7vm3n5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gNvfbj0RIGvMHNUyIG6EepyHFSGnJM8+cgDCFoBMh1ffD7GnkUXg9W57+lnLkmRWrak0AF4ldkAoo0PDMsRPEOI0IV5ghKbu2lSg3Q0JRzMio7KSSJAgPUI90NeUoItLNJoeN4LFWAhjGQj+u4ET9O5GhSMph5OvOfEM57+Xif143VeGlm1GepIpwPP0oTBlUMcxTggEVBCs21ARhQfWuEPeRQFjpLMs6BHv+5EXSOq/aterVfa1SvyniKIFDcAROgA0uQB3cgQZoAgyewSt4Bx/Gi/FmfBpf09Ylo5g5ADMwxj/GC6BC</latexit>

Master Stability Function on hypergraphs

<latexit sha1_base64="oSUQlIzsT0KU+pK80Con/ej+hz8=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK0m5JUUTdC0Y3LCvYBTSmTyaQdOnkwcyOUkA9x46+4caGIGxeCf+OkjaitBy4czrmXe+9xIs4kmOanVlhaXlldK66XNja3tnf03b22DGNBaIuEPBRdB0vKWUBbwIDTbiQo9h1OO874KvM7d1RIFga3MIlo38fDgHmMYFDSQD+2PYFJ4to+hpHjJTJNExfSClQvviUvrfy4yqgO9LJZM6cwFomVkzLK0Rzo77YbktinARCOpexZZgT9BAtghNO0ZMeSRpiM8ZD2FA2wT2U/mT6XGkdKcQ0vFKoCMKbq74kE+1JOfEd1ZlfKeS8T//N6MXjn/YQFUQw0ILNFXswNCI0sKcNlghLgE0UwEUzdapARVmmByrOkQrDmX14k7XrNOq3Vb07Kjcs8jiI6QIeogix0hhroGjVRCxF0jx7RM3rRHrQn7VV7m7UWtHxmH/2B9vEFBimiig==</latexit>

ds

dt
(t) = f(s(t))

<latexit sha1_base64="D6Kyyl772Vr+EDgtBTVqqggUW5s="></latexit>

d�x(i)

dt
= Df(s(t))�x(i) � ✏

X

j

LijDG(s(t))�x(j)

<latexit sha1_base64="xNyAdpy/sKKSwIFfcJ+nu9dW0Ag="></latexit>

d�y(↵)

dt
=

h
Df(s(t))� ✏⇤(↵)DG(s(t))

i
�y(↵)
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MSF

Turing patterns

Synchronisation of  
nonlinear oscillators

Synchronisation of  
chaotic orbits
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Turing patterns on hypergraphs

Homogeneous stationary solution  
of the interconnected system

Master Stability Function on hypergraphs

<latexit sha1_base64="4n04EJIPZ5+36hSIeSNog5bUgos=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRahuihJEXUjFN24rGAf0MYymU7aoZNJmJkIJRTc+CtuXCji1p9w5984aQNq64GBM+fcy733eBGjUtn2l5FbWFxaXsmvFtbWNza3zO2dhgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS94VXqN++JkDTkt2oUETdAfU59ipHSUtfc6wRIDTw/keOSOrr4+d0dd82iXbYnsOaJk5EiZKh1zc9OL8RxQLjCDEnZduxIuQkSimJGxoVOLEmE8BD1SVtTjgIi3WRyw9g61ErP8kOhH1fWRP3dkaBAylHg6cp0RznrpeJ/XjtW/rmbUB7FinA8HeTHzFKhlQZi9aggWLGRJggLqne18AAJhJWOraBDcGZPnieNStk5LVduTorVyyyOPOzDAZTAgTOowjXUoA4YHuAJXuDVeDSejTfjfVqaM7KeXfgD4+Mb6bOXsg==</latexit>

s(t) = s⇤

<latexit sha1_base64="QriBAnONk8UtED5HSuDAIO32GdE="></latexit>

d�y(↵)

dt
=

h
Df(s⇤)� ✏⇤(↵)DG(s⇤)

i
�y(↵)

<latexit sha1_base64="pAR+o5lhfqBH/lWvftcwlTPLC3w=">AAACDHicbVDLSsNAFJ34rPVVdekmWIR2U5Ii6kYounHhooJ9QBPLzWTSDp1MwsxEKKEf4MZfceNCEbd+gDv/xmmahbZeGO7hnHO5c48XMyqVZX0bS8srq2vrhY3i5tb2zm5pb78to0Rg0sIRi0TXA0kY5aSlqGKkGwsCocdIxxtdTfXOAxGSRvxOjWPihjDgNKAYlKb6pbLDtNmHi7xXnJus36cVB1g8hOqkql1WzcrKXAR2Dsoor2a/9OX4EU5CwhVmIGXPtmLlpiAUxYxMik4iSQx4BAPS05BDSKSbZsdMzGPN+GYQCf24MjP290QKoZTj0NPOENRQzmtT8j+tl6jg3E0pjxNFOJ4tChJmqsicJmP6VBCs2FgDwILqv5p4CAKw0vkVdQj2/MmLoF2v2ae1+u1JuXGZx1FAh+gIVZCNzlADXaMmaiGMHtEzekVvxpPxYrwbHzPrkpHPHKA/ZXz+AKzmmr4=</latexit>

� = �(⇤(↵)) Eigenvalue with the largest real part  
(dispersion relation / largest Lyapunov exponent)

is unstable if there exists        such that
<latexit sha1_base64="fO5usQdSLDpozk2GQpMvJ8TNzyk=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAh1U5Ii6rLoxoWLCvYBTSw3k0k7dDIJMxOxhPyKGxeKuPVH3Pk3TtsstPXAwOGcc7l3jp8wKpVtfxsrq2vrG5ulrfL2zu7evnlQ6cg4FZi0ccxi0fNBEkY5aSuqGOklgkDkM9L1x9dTv/tIhKQxv1eThHgRDDkNKQalpYFZcW91OICHrOYCS0Zwmg/Mql23Z7CWiVOQKirQGphfbhDjNCJcYQZS9h07UV4GQlHMSF52U0kSwGMYkr6mHCIivWx2e26daCWwwljox5U1U39PZBBJOYl8nYxAjeSiNxX/8/qpCi+9jPIkVYTj+aIwZZaKrWkRVkAFwYpNNAEsqL7VwiMQgJWuq6xLcBa/vEw6jbpzXm/cnVWbV0UdJXSEjlENOegCNdENaqE2wugJPaNX9GbkxovxbnzMoytGMXOI/sD4/AFropQM</latexit>

⇤(↵)

<latexit sha1_base64="zBL5ybLwlv9Nb8kdo5yTtjkQbOo=">AAACDnicbVDLSsNAFJ34rPUVdekmWArtpiRF1I1SdOPCRQX7gCaWm8mkHTp5MDMRSugXuPFX3LhQxK1rd/6N0zQLbb0w3MM553LnHjdmVEjT/NaWlldW19YLG8XNre2dXX1vvy2ihGPSwhGLeNcFQRgNSUtSyUg35gQCl5GOO7qa6p0HwgWNwjs5jokTwCCkPsUgFdXXyzZTZg/O816xb7J+n1ZsYPEQqpPqhdnXS2bNzMpYBFYOSiivZl//sr0IJwEJJWYgRM8yY+mkwCXFjEyKdiJIDHgEA9JTMISACCfNzpkYZcV4hh9x9UJpZOzviRQCIcaBq5wByKGY16bkf1ovkf6Zk9IwTiQJ8WyRnzBDRsY0G8OjnGDJxgoA5lT91cBD4IClSrCoQrDmT14E7XrNOqnVb49Ljcs8jgI6REeogix0ihroGjVRC2H0iJ7RK3rTnrQX7V37mFmXtHzmAP0p7fMHt9ebQA==</latexit>

� = �(⇤(↵)) > 0

<latexit sha1_base64="4n04EJIPZ5+36hSIeSNog5bUgos=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRahuihJEXUjFN24rGAf0MYymU7aoZNJmJkIJRTc+CtuXCji1p9w5984aQNq64GBM+fcy733eBGjUtn2l5FbWFxaXsmvFtbWNza3zO2dhgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS94VXqN++JkDTkt2oUETdAfU59ipHSUtfc6wRIDTw/keOSOrr4+d0dd82iXbYnsOaJk5EiZKh1zc9OL8RxQLjCDEnZduxIuQkSimJGxoVOLEmE8BD1SVtTjgIi3WRyw9g61ErP8kOhH1fWRP3dkaBAylHg6cp0RznrpeJ/XjtW/rmbUB7FinA8HeTHzFKhlQZi9aggWLGRJggLqne18AAJhJWOraBDcGZPnieNStk5LVduTorVyyyOPOzDAZTAgTOowjXUoA4YHuAJXuDVeDSejTfjfVqaM7KeXfgD4+Mb6bOXsg==</latexit>

s(t) = s⇤
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Turing patterns on hypergraphs
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<latexit sha1_base64="fLlMeWdMuzq+hM56vs1b1QjuyU0=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0FJiIbdIGojBG0sI5gHZNcwO5lNhsw+mEcghHyEjb9iY6GIrYWdf+NssoUmHrhwOOde7r3HixkV0rK+jczS8srqWnY9t7G5tb1j7u41RKQ4JnUcsYi3PCQIoyGpSyoZacWcoMBjpOkNbhK/OSRc0Ci8l6OYuAHqhdSnGEktdcySX1Anw+LxlX1a8Ep2UZUwVA+VIXQc2EstT53iROuYeatsTQEXiZ2SPEhR65hfTjfCKiChxAwJ0batWLpjxCXFjExyjhIkRniAeqStaYgCItzx9KkJPNJKF/oR1xVKOFV/T4xRIMQo8HRngGRfzHuJ+J/XVtK/dMc0jJUkIZ4t8hWDMoJJQrBLOcGSjTRBmFN9K8R9xBGWOsecDsGef3mRNCpl+7xcuTvLV6/TOLLgAByCArDBBaiCW1ADdYDBI3gGr+DNeDJejHfjY9aaMdKZffAHxucPVIuaqA==</latexit>

f(u, v) = 1� (b+ 1)u+ cu2v

g(u, v) = bu� cu2v

Brusselator model
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