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Synchronisation

www.quantamagazine.org

www.youtube.com

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

www.youtube.com

Huygen 

“An odd kind of sympathy”
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Kuramoto model

order parameter
<latexit sha1_base64="SPG2l6rcn0hRR8HzdxK88dHvh48="></latexit>

d✓i
dt

= !i +
K

N

NX

j=1

sin(✓j � ✓i)

<latexit sha1_base64="/AESJpA0sRrR/F/cXqp5tstW92c=">AAACHXicbVC7SgNBFJ31GeMramkzGASrsCvx0QiijVWIYFTIJsvs5K6ZZPbBzF0hLPsjNv6KjYUiFjbi3zh5FBo9MHA451zu3OMnUmi07S9rZnZufmGxsFRcXlldWy9tbF7rOFUcGjyWsbr1mQYpImigQAm3iQIW+hJu/P750L+5B6VFHF3hIIFWyO4iEQjO0EheqaootDPhJlrk9IS6gWI8c/Kslrs6Db2sd+Lk7dooQ13sAjKvl3ulsl2xR6B/iTMhZTJB3St9uJ2YpyFEyCXTuunYCbYyplBwCXnRTTUkjPfZHTQNjVgIupWNrsvprlE6NIiVeRHSkfpzImOh1oPQN8mQYVdPe0PxP6+ZYnDcykSUpAgRHy8KUkkxpsOqaEco4CgHhjCuhPkr5V1mCkJTaNGU4Eyf/Jdc71ecw8rBZbV8ejapo0C2yQ7ZIw45IqfkgtRJg3DyQJ7IC3m1Hq1n6816H0dnrMnMFvkF6/MbcHqiKg==</latexit>

rei =
1

N

NX

j=1

ei✓j

<latexit sha1_base64="wYdPjIYAfvhgUTlR5upyoRPkLAs=">AAAB7XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRXxuh6EZwU8E+oB1KJs20sZlkSDJCGfoPblwo4tb/ceffmLaz0NYDIYdz7uXee8KEM20879spLC2vrK4V10sbm1vbO+7uXkPLVBFaJ5JL1QqxppwJWjfMcNpKFMVxyGkzHN5M/OYTVZpJ8WBGCQ1i3BcsYgQbKzXurryK53fdsv2mQIvEz0kZctS67lenJ0kaU2EIx1q3fS8xQYaVYYTTcamTappgMsR92rZU4JjqIJtuO0ZHVumhSCr7hEFT9XdHhmOtR3FoK2NsBnrem4j/ee3URJdBxkSSGirIbFCUcmQkmpyOekxRYvjIEkwUs7siMsAKE2MDKtkQ/PmTF0njpOKfV87uT8vV6zyOIhzAIRyDDxdQhVuoQR0IPMIzvMKbI50X5935mJUWnLxnH/7A+fwB32KOBw==</latexit>

K = 0.01
<latexit sha1_base64="OFncT8GR4yuAsnM4B0VIKOj/UT4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr4tQ9CJ4qWDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y2OWj1wcDjvRlm5kUpZ9p43pdTWlpeWV0rr1c2Nre2d6q7e02dZIrQgCQ8Ue0Ia8qZpIFhhtN2qigWEaetaHQz9VuPVGmWyAczTmko8ECymBFsrBTcXfmu16vWPNebAf0lfkFqUKDRq352+wnJBJWGcKx1x/dSE+ZYGUY4nVS6maYpJiM8oB1LJRZUh/ns2Ak6skofxYmyJQ2aqT8nciy0HovIdgpshnrRm4r/eZ3MxJdhzmSaGSrJfFGccWQSNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7Eh+Isv/yXNE9c/d8/uT2v16yKOMhzAIRyDDxdQh1toQAAEGDzBC7w60nl23pz3eWvJKWb24Recj29woo3N</latexit>

K = 1.0
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Global Synchronisation
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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

i
2

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

dx(i)

dt
= f(x(i)) + �

nX

j=1

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

Global Synchronisation on networks

<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="8tdVx54qmkiiqBsS/X/yduSMCUc=">AAACBXicbZC7TsMwFIYdrqXcAowwRFRILFQJQoUFqcDCwFAkepHaKHKc09bUcSLbQaqiLiy8CgsDCLHyDmy8DW6aAVqOZPnT/58j+/x+zKhUtv1tzM0vLC4tF1aKq2vrG5vm1nZDRokgUCcRi0TLxxIY5VBXVDFoxQJw6DNo+oOrsd98ACFpxO/UMAY3xD1Ou5RgpSXP3LvxUno/Or/IrqNOAEzhjAce9cySXbazsmbByaGE8qp55lcniEgSAleEYSnbjh0rN8VCUcJgVOwkEmJMBrgHbY0chyDdNNtiZB1oJbC6kdCHKytTf0+kOJRyGPq6M8SqL6e9sfif105U98xNKY8TBZxMHuomzFKRNY7ECqgAothQAyaC6r9apI8FJkoHV9QhONMrz0LjuOxUypXbk1L1Mo+jgHbRPjpEDjpFVXSNaqiOCHpEz+gVvRlPxovxbnxMWueMfGYH/Snj8wfoRpjc</latexit>

Lij = Aij → ωijki
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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?
<latexit sha1_base64="qHtcWzIivFlwKIlUrRZ34p5bC+o="></latexit>

dx(i)

dt

���
x(i)=s

= f(x(i)) + �
nX

j=1

Lijh(x
(j))

���
x(i)=s

= 0

<latexit sha1_base64="fePqsJR25Vpw8eifddvuwalnDr0=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEvG2EYpuXLioYC/QljKZTtqhk0mYmQglZOOruHGhiFsfw51v46SNoK0/DHz85xzmnN+LOFPacb6swsLi0vJKcbW0tr6xuWVv7zRUGEtC6yTkoWx5WFHOBK1rpjltRZLiwOO06Y2us3rzgUrFQnGvxxHtBnggmM8I1sbq2XudAOuh5ye3KfrBOL10enbZqTgToXlwcyhDrlrP/uz0QxIHVGjCsVJt14l0N8FSM8JpWurEikaYjPCAtg0KHFDVTSYHpOjQOH3kh9I8odHE/T2R4ECpceCZzmxHNVvLzP9q7Vj7F92EiSjWVJDpR37MkQ5RlgbqM0mJ5mMDmEhmdkVkiCUm2mRWMiG4syfPQ+O44p5VTu9OytWrPI4i7MMBHIEL51CFG6hBHQik8AQv8Go9Ws/Wm/U+bS1Y+cwu/JH18Q2oZ5Z1</latexit>

Lu = 0
<latexit sha1_base64="7PW7MdoSdOO8tBDVcfwGRai9EGU=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQIYRd8dUIQRvLCOYB2RhmJ7PJkNkHM3eFsKSw8VdsLBSx9SPs/Btnky008cDA4Zx7mHuPGwmuwLK+jdzS8srqWn69sLG5tb1j7u41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJH16nfemBS8TC4g3HEuj4ZBNzjlICWembR8QkMXS+JJ5dlu+L0Q1AV++jegTDqmSWrak2BF4mdkRLKUO+ZXzpPY58FQAVRqmNbEXQTIoFTwSYFJ1YsInREBqyjaUB8prrJ9IgJPtRKH3uh1C8APFV/JxLiKzX2XT2ZrqzmvVT8z+vE4F10Ex5EMbCAzj7yYoEhxGkjuM8loyDGmhAqud4V0yGRhILuraBLsOdPXiTN46p9Vj29PSnVrrI68qiIDlAZ2egc1dANqqMGougRPaNX9GY8GS/Gu/ExG80ZWWYf/YHx+QOP/pdp</latexit>

u = (1, . . . , 1)>

Laplace matrix

Global Synchronisation on networks
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<latexit sha1_base64="dYpPX9vRZlhpjqh4MRev9yb3PLo="></latexit>

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

Is                                                                stable?
<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

<latexit sha1_base64="AThPmNJuHW0y2M+9P1ieUXjHywU="></latexit>

d�x(i)

dt
= Jf (s(t))�x

(i) + �
nX

j=1

LijJh(s(t))�x
(j)

Time dependent linear system

Global Synchronisation on networks
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<latexit sha1_base64="G+JZ+OegG9WxWz3jaDkitUz4eJg=">AAACOHicdVDLSgMxFM3UV62vUZdugkWomzIjvjZC0Y2LghWsLXRquZNm2tDMgyQjlGE+y42f4U7cuFDErV9g+hBqqwcCh3PPvbn3uBFnUlnWs5GZm19YXMou51ZW19Y3zM2tWxnGgtAqCXko6i5IyllAq4opTuuRoOC7nNbc3sWgXrunQrIwuFH9iDZ96ATMYwSUllrmleOD6rpeUk5/mBN1WXqXFBzgURf2U3yGnbKe2IYJ8T9zy8xbRWsIPEvsMcmjMSot88lphyT2aaAIBykbthWpZgJCMcJpmnNiSSMgPejQhqYB+FQ2k+HhKd7TSht7odAvUHioTnYk4EvZ913tHOwrp2sD8a9aI1beaTNhQRQrGpDRR17MsQrxIEXcZoISxfuaABFM74pJFwQQpbPO6RDs6ZNnye1B0T4uHl0f5kvn4ziyaAftogKy0QkqoUtUQVVE0AN6QW/o3Xg0Xo0P43NkzRjjnm30C8bXNzTMrdg=</latexit>

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

⇤(1) = 0
<latexit sha1_base64="nwaWznPgT2eJTgFs90weUUf2s0s=">AAAB/XicbVC7SgNBFJ31GeNrfXQ2g0GITdgVX4VF0MbCIoJ5QHYNd2dnkyGzD2ZmhbgEf8XGQhFb/8POv3GSbKGJBwYO55zLvXO8hDOpLOvbmJtfWFxaLqwUV9fWNzbNre2GjFNBaJ3EPBYtDyTlLKJ1xRSnrURQCD1Om17/auQ3H6iQLI7u1CChbgjdiAWMgNJSx9x1bnTYh/us7ABPenA4vLA6ZsmqWGPgWWLnpIRy1Drml+PHJA1ppAgHKdu2lSg3A6EY4XRYdFJJEyB96NK2phGEVLrZ+PohPtCKj4NY6BcpPFZ/T2QQSjkIPZ0MQfXktDcS//PaqQrO3YxFSapoRCaLgpRjFeNRFdhnghLFB5oAEUzfikkPBBClCyvqEuzpL8+SxlHFPq2c3B6Xqpd5HQW0h/ZRGdnoDFXRNaqhOiLoET2jV/RmPBkvxrvxMYnOGfnMDvoD4/MHaCuUjw==</latexit>

⇤(↵) < 0

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

�x(i) =
X

↵

�x↵�
(↵)
i

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

�(↵) · �(�) = �↵�

Master Stability Function = largest Lyapunov exponent of
<latexit sha1_base64="sr1+fgbyOJVqBU14f4ZukBAHZ3Q=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoNyURX8uiG3FVwT6gCWEynbRDJ5MwMxFKyNaNv+LGhSJu/QN3/o2TNoK2HrhwOOde7r3HjxmVyrK+jNLS8srqWnm9srG5tb1j7u51ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPr3K/e0+EpBG/U5OYuCEachpQjJSWPBM6IVIjP0hvMs9BLB6h2o8is5qq1z2zajWsKeAisQtSBQVanvnpDCKchIQrzJCUfduKlZsioShmJKs4iSQxwmM0JH1NOQqJdNPpJxk80soABpHQxRWcqr8nUhRKOQl93ZlfKee9XPzP6ycquHBTyuNEEY5ni4KEQRXBPBY4oIJgxSaaICyovhXiERIIKx1eRYdgz7+8SDrHDfuscXp7Um1eFnGUwQE4BDVgg3PQBNegBdoAgwfwBF7Aq/FoPBtvxvustWQUM/vgD4yPb04YmhU=</latexit>

J↵(s(t))

(function of           eigenvalue of L )

<latexit sha1_base64="JRR7D2NFpY1YMsZ9M9OK/pWQ+hE="></latexit>

d�x↵

dt
= Jf (s(t))�x↵ + �⇤(↵)Jh(s(t))�x↵ := J↵(s(t))�x↵

<latexit sha1_base64="E2ZVAEhoDHTnh20JCjuEKOGB3As=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAh1UxLxtSy6ceGign1AE8vNZNIOnUzCzEQsIb/ixoUibv0Rd/6N0zYLbT0wcDjnXO6d4yeMSmXb38bS8srq2nppo7y5tb2za+5V2jJOBSYtHLNYdH2QhFFOWooqRrqJIBD5jHT80fXE7zwSIWnM79U4IV4EA05DikFpqW9W3FsdDuAhq7nAkiEc532zatftKaxF4hSkigo0++aXG8Q4jQhXmIGUPcdOlJeBUBQzkpfdVJIE8AgGpKcph4hIL5venltHWgmsMBb6cWVN1d8TGURSjiNfJyNQQznvTcT/vF6qwksvozxJFeF4tihMmaVia1KEFVBBsGJjTQALqm+18BAEYKXrKusSnPkvL5L2Sd05r5/dnVYbV0UdJXSADlENOegCNdANaqIWwugJPaNX9GbkxovxbnzMoktGMbOP/sD4/AFsmJQP</latexit>

⇤(↵)

<latexit sha1_base64="ZHdpjwcezLt5qX6+BeiCiOrI3tw=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDapUoQr7GChYGhSPQhNaG6cdzWqvOQ7SBVUQcWfoWFAYRY+Qg2/gY3zQAtR7J8dM65su/xYs6ksqxvY2l5ZXVtvbBR3Nza3tk19/ZbMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXujq6nffqBCsii8U+OYugEMQtZnBJSWembJ4TrsQ8W5ye77tOIAj4dQnVR7ZtmqWRnwIrFzUkY5Gj3zy/EjkgQ0VISDlF3bipWbglCMcDopOomkMZARDGhX0xACKt00W2KCj7Ti434k9AkVztTfEykEUo4DTycDUEM5703F/7xuovoXbsrCOFE0JLOH+gnHKsLTRrDPBCWKjzUBIpj+KyZDEECU7q2oS7DnV14kreOafVY7vT0p1y/zOgqohA5RBdnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMYsuGfnMAfoD4/MHpViXdw==</latexit>

�(⇤(↵))

Global Synchronisation on networks
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Stuart - Landau oscillator
<latexit sha1_base64="Ua8GH4Ydde4wTqYSdbKHe55R1L0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQEUtSiroRim5cVrAPaGOZTCbt0MkkzEyENu3Cjb/ixoUibv0Id/6N0zYLrR64cDjnXu69x40YlcqyvozM0vLK6lp2PbexubW9Y+7uNWQYC0zqOGShaLlIEkY5qSuqGGlFgqDAZaTpDq6mfvOeCElDfquGEXEC1OPUpxgpLXXNfMcXCCfeaJJ4anIxKqJj6p6MR+O78lHXLFglawb4l9gpKYAUta752fFCHAeEK8yQlG3bipSTIKEoZmSS68SSRAgPUI+0NeUoINJJZk9M4KFWPOiHQhdXcKb+nEhQIOUwcHVngFRfLnpT8T+vHSv/3Ekoj2JFOJ4v8mMGVQiniUCPCoIVG2qCsKD6Voj7SKeidG45HYK9+PJf0iiX7NNS5aZSqF6mcWRBHhyAIrDBGaiCa1ADdYDBA3gCL+DVeDSejTfjfd6aMdKZffALxsc3ZpGX7g==</latexit>

dz

dt
= z(a+ ib� |z|2)

<latexit sha1_base64="gJ7miOP6FiQ6uOHMuPdkOTDRQc0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIsgCCWRom6EYjcuK9gHNKFMptN26GQSZiZiDPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c/yIUals+9sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/qSR+Z17IiQN+Z1KIuIFaMTpkGKktNQ3y49XD6c0cSl3A6TGvp82pn2zYlftGaxl4uSkAjmaffPLHYQ4DghXmCEpe44dKS9FQlHMyLTkxpJECE/QiPQ05Sgg0ktn4afWsVYG1jAU+nFlzdTfGykKpEwCX09mCeWil4n/eb1YDS+9lPIoVoTj+aFhzCwVWlkT1oAKghVLNEFYUJ3VwmMkEFa6r5IuwVn88jJpn1Wd82rttlapX+d1FOEQjuAEHLiAOtxAE1qAIYFneIU348l4Md6Nj/lowch3yvAHxucP0u6U5g==</latexit>

z = x+ iy 2 C <latexit sha1_base64="SuVPDb0z3tb/mneXbs7X3PYYiNU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRS1GXRjcsq9gFNLJPppB06mYSZiVJC/sONC0Xc+i/u/BsnbRbaemDgcM693DPHjzlT2ra/rdLK6tr6RnmzsrW9s7tX3T/oqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXOd+95FKxSJxr6cx9UI8EixgBGsjPWCXCTfEeuz76V02qNbsuj0DWiZOQWpQoDWofrnDiCQhFZpwrFTfsWPtpVhqRjjNKm6iaIzJBI9o31CBQ6q8dJY6QydGGaIgkuYJjWbq740Uh0pNQ99M5gnVopeL/3n9RAeXXspEnGgqyPxQkHCkI5RXgIZMUqL51BBMJDNZERljiYk2RVVMCc7il5dJ56zunNcbt41a86qoowxHcAyn4MAFNOEGWtAGAhKe4RXerCfrxXq3PuajJavYOYQ/sD5/AMq6krc=</latexit>

a 2 R
<latexit sha1_base64="GIkxe8QlP2VIwfOomqN56Zcq3Vk=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkUQhJJIUZdFNy6r2Ac0IcxMp+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zcMKZ0q77bZXW1jc2t8rblZ3dvf0D+/CoreJUEtoiMY9lFyNFORO0pZnmtJtIiiLMaQeP73K/M6FSsVg86WlCgwgNBRswgrSRQtvGPhN+hPQI4+xxFl6EdtWtuXM4q8QrSBUKNEP7y+/HJI2o0IQjpXqem+ggQ1Izwums4qeKJoiM0ZD2DBUooirI5slnzplR+s4gluYJ7czV3xsZipSaRthM5hnVspeL/3m9VA9ugoyJJNVUkMWhQcodHTt5DU6fSUo0nxqCiGQmq0NGSCKiTVkVU4K3/OVV0r6seVe1+kO92rgt6ijDCZzCOXhwDQ24hya0gMAEnuEV3qzMerHerY/FaMkqdo7hD6zPH2sUk4c=</latexit>

b 2 R+

<latexit sha1_base64="obvajgjjcsVVkQNUZh0b4pcLhdI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePEc0DkiX0TmaTIbOzy8ysEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VZQ1aCxi1Q5QM8ElaxhuBGsnimEUCNYKRjdTv/XIlOaxfDDjhPkRDiQPOUVjpXu8cnvlilt1ZyB/iZeTCuSo98qf3X5M04hJQwVq3fHcxPgZKsOpYJNSN9UsQTrCAetYKjFi2s9mp07IkVX6JIyVLWnITP05kWGk9TgKbGeEZqgXvan4n9dJTXjpZ1wmqWGSzheFqSAmJtO/SZ8rRo0YW4JUcXsroUNUSI1Np2RD8BZf/kuaJ1XvvHp2d1qpXedxFOEADuEYPLiAGtxCHRpAYQBP8AKvjnCenTfnfd5acPKZffgF5+MbtSSNbw==</latexit>

a < 0
<latexit sha1_base64="Xm6pFIZJfoDrXEtvsFHyxD/L714=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTeyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Gbqtx6Z0jyWD2acMD/CgeQhp2isdI9Xbq9ccavuDOQv8XJSgRz1Xvmz249pGjFpqECtO56bGD9DZTgVbFLqppolSEc4YB1LJUZM+9ns1Ak5skqfhLGyJQ2ZqT8nMoy0HkeB7YzQDPWiNxX/8zqpCS/9jMskNUzS+aIwFcTEZPo36XPFqBFjS5Aqbm8ldIgKqbHplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMoDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDtqmNcA==</latexit>

a = 0
<latexit sha1_base64="Fo3AzFLFUEAWqhX2pI1TbHoLgKQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMaB6QLKF3MpsMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rUemNI/lgxknzI9wIHnIKRor3eOV2ytX3Ko7A/lLvJxUIEe9V/7s9mOaRkwaKlDrjucmxs9QGU4Fm5S6qWYJ0hEOWMdSiRHTfjY7dUKOrNInYaxsSUNm6s+JDCOtx1FgOyM0Q73oTcX/vE5qwks/4zJJDZN0vihMBTExmf5N+lwxasTYEqSK21sJHaJCamw6JRuCt/jyX9I8qXrn1bO700rtOo+jCAdwCMfgwQXU4Bbq0AAKA3iCF3h1hPPsvDnv89aCk8/swy84H9+4Lo1x</latexit>

a > 0

Hopf Bifurcation

<latexit sha1_base64="WeuM7T3jq6Pcjnu7VgiJJ7HTg3w="></latexit>

dzj
dt

= zj(a+ ib� |zj |2) + µ
nX

j=1

Aj` [h(z`)� h(zj)]

<latexit sha1_base64="a9y7cp4hhIRpm7TGnniK22Dshe8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUgyURqV6EohePFewHtLVstpt26W4SdjeFNu0/8eJBEa/+E2/+G7dtDtr6YODx3gwz87yIM6Ud59taWV1b39jMbGW3d3b39u2Dw6oKY0lohYQ8lHUPK8pZQCuaaU7rkaRYeJzWvP7d1K8NqFQsDB71MKItgbsB8xnB2kht2+7lR2c349H4KRHn7gSN2nbOKTgzoGXipiQHKcpt+6vZCUksaKAJx0o1XCfSrQRLzQink2wzVjTCpI+7tGFogAVVrWR2+QSdGqWD/FCaCjSaqb8nEiyUGgrPdAqse2rRm4r/eY1Y+9ethAVRrGlA5ov8mCMdomkMqMMkJZoPDcFEMnMrIj0sMdEmrKwJwV18eZlULwpusVB8uMyVbtM4MnAMJ5AHF66gBPdQhgoQGMAzvMKblVgv1rv1MW9dsdKZI/gD6/MHgoOS8w==</latexit>

h(z) = |z|m�1z
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Stuart - Landau oscillator : no synch
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Stuart - Landau oscillator : synch
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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
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Global Synchronisation : beyond networks
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Global Synchronisation : beyond networks

Synchronisation non invasive

i) Assumptions on

ii) Assumptions on

g(2)

a(2)
ijk
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Global Synchronisation time varying higher-order  networks

· ⃗xi = ⃗f( ⃗xi ) +
D

∑
d=1

qd

n

∑
j1,…,jd=1

A(d)
ij1…jd

(t) ⃗g(d)( ⃗xi, ⃗xj1, …, ⃗xjd)
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Global Topological Synchronisation
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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="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 complexes
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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

Dynamics on simplicial complexes
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Global Topological Synchronisation

<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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odd dim = non global synch (k=1)

even dim = global synch possible if balanced (k=2)

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="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

<latexit sha1_base64="cLQivWeqZO4f7Lgkr8FxahHpZLU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ66Ga9csWtujOQZeLlpAI56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aUTcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU147WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07JhuAtvrxMmmdV77J6cX9eqd3kcRThCI7hFDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD57EjW8=</latexit> {<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
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Global Topological Synchronisation : Stuart-Landau on 2D-triangulated torus

no global synch  
for links (k=1)

<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 : Stuart-Landau on 2D-triangulated torus

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
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Global Topological Synchronisation : Stuart-Landau on the waffle

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 on cell complexes

The topological obstruction  
does not exist for cell complexes

global synch  
for faces

global synch  
for links
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Global Topological Synchronisation on cell complexes

global synch  
for links (k=1)

global synch  
for faces (k=2)
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Global synchronization on networks  
and beyond

Thank youAny questions?


