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Random walk on hypergraphs
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<latexit sha1_base64="ZTTL+Ly32Ms7ziKU/0qXbjCyVFc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSMXFuQRE8RjQLJEPo6fQkTXoWunuEMOQTvHhQxKtf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrK6tb+Q3C1vbO7t7xf2DloxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748uZ376nQrI4ulOThHohHkYsYAQrLd1e9e1+sWSZdsWuOGfIMl3XrdZqmljlSrXsINu05ijBEo1+8b03iEka0kgRjqXs2laivAwLxQin00IvlTTBZIyHtKtphEMqvWx+6hSdaGWAgljoihSaq98nMhxKOQl93RliNZK/vZn4l9dNVXDuZSxKUkUjslgUpBypGM3+RgMmKFF8ogkmgulbERlhgYnS6RR0CF+fov9Jq2zajuneOKX6xTKOPBzBMZyCDTWowzU0oAkEhvAAT/BscOPReDFeF605YzlzCD9gvH0CNwqNyg==</latexit>
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<latexit sha1_base64="JSdqIQh/+QSYqCjzC/lQRz8o3e0=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KptSbHsriuCxov2AdinZNNuGZrNLkhXK0p/gxYMiXv1F3vw3ZtsKKvpg4PHeDDPz/FhwbVz3w1lZXVvf2Mxt5bd3dvf2CweHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k8vM79wzpXkk78w0Zl5IRpIHnBJjpdurQXlQKLol13UxxigjuHruWlKv18q4hnBmWRRhieag8N4fRjQJmTRUEK172I2NlxJlOBVslu8nmsWETsiI9SyVJGTaS+enztCpVYYoiJQtadBc/T6RklDraejbzpCYsf7tZeJfXi8xQc1LuYwTwyRdLAoSgUyEsr/RkCtGjZhaQqji9lZEx0QRamw6eRvC16fof9Iul3ClVL+pFBsXyzhycAwncAYYqtCAa2hCCyiM4AGe4NkRzqPz4rwuWlec5cwR/IDz9gkQWI2w</latexit>
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<latexit sha1_base64="2j54Y3fpVsuS6sMO27HM8kBBvVs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSIcstKILHiGaBZAg9nZ6kSc9Cd48QhnyCFw+KePWLvPk39iQRVPRBweO9KqrqeTFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1ppeZ372nQrIovFOzmLoBHofMZwQrLd1eDSvDYskyG/Vq2akiy7Ssml22M1KuORUH2VrJUIIVWsPi+2AUkSSgoSIcS9m3rVi5KRaKEU7nhUEiaYzJFI9pX9MQB1S66eLUOTrTygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfiX10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6BR3C16fof9Ipm7ZjNm6cUvNiFUceTuAUzsGGGjThGlrQBgJjeIAneDa48Wi8GK/L1pyxmjmGHzDePgEk9Y29</latexit>
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<latexit sha1_base64="1t9veXfsib83wrzf8DRHdlqZqBA=">AAACKnicbZC7TsMwFIYdrqXcAowsFhVSGagSVAkYkApdOhaJXqQmRI7rtG6di2wHqYr6PCy8CksHUMXKg+A0GaDlSLY+/+ccHZ/fjRgV0jDm2tr6xubWdmGnuLu3f3CoHx23RRhzTFo4ZCHvukgQRgPSklQy0o04Qb7LSMcd19N854VwQcPgSU4iYvtoEFCPYiSV5Oj3Yyeho+lz484Sse9YiEVDBMt1J8kwu6eX5gUkqjJ/pjzK2dFLRsVYBFwFM4cSyKPp6DOrH+LYJ4HEDAnRM41I2gnikmJGpkUrFiRCeIwGpKcwQD4RdrJYdQrPldKHXsjVCSRcqL87EuQLMfFdVekjORTLuVT8L9eLpXdjJzSIYkkCnA3yYgZlCFPfYJ9ygiWbKECYU/VXiIeIIyyVu0Vlgrm88iq0rypmtXL7WC3VHnI7CuAUnIEyMME1qIEGaIIWwOAVvIMP8Km9aTNtrn1lpWta3nMC/oT2/QMCfaen</latexit>

hyperedge size

incidence matrices
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New Laplace matrixRandom walk on hypergraphs …
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<latexit sha1_base64="j+5hpBANx3LirolaOuX+awlEve4="></latexit>

Random walk Laplace matrix
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<latexit sha1_base64="/9rvN8H7Y5fL27kX+Gw8wl64ibg=">AAACC3icbZC7TsMwFIadcivlFmBksVohsVAlqBIwIFWwdGAoEr1Ibagcx21NHCeyHaQqys7Cq7AwgBArL8DG2+CmGaDlSJY//f85ss/vRoxKZVnfRmFpeWV1rbhe2tjc2t4xd/faMowFJi0cslB0XSQJo5y0FFWMdCNBUOAy0nH9q6nfeSBC0pDfqklEnACNOB1SjJSWBmb5epDQ+/TCv2toSPseYQpl0rGfXVo3K1bVygougp1DBeTVHJhffS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQthHI9LTyFFApJNku6TwUCseHIZCH65gpv6eSFAg5SRwdWeA1FjOe1PxP68Xq+GZk1AexYpwPHtoGDOoQjgNBnpUEKzYRAPCguq/QjxGAmGl4yvpEOz5lRehfVK1a9Xzm1qlfpnHUQQHoAyOgA1OQR00QBO0AAaP4Bm8gjfjyXgx3o2PWWvByGf2wZ8yPn8Awrebhw==</latexit>
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<latexit sha1_base64="KHKrHDxDobkVkFPd1YcUcOwQI3g=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXYloBZC0CZlBPOAbFxmJzfJkNnZdWZWCEu+wMZfsbFQxNbazr9xNkmhiQcunDnnXubeE8ScKe0431ZuZXVtfSO/Wdja3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysYXWd+6wGkYpG41eMYuiEZCNZnlGgj+XZp5Kdscle79FQS+qkHnHsC7jGb4MzJ3sb17aJTdqbAy8SdkyKao+7bX14vokkIQlNOlOq4Tqy7KZGaUQ6TgpcoiAkdkQF0DBUkBNVNp+dMcMkoPdyPpCmh8VT9PZGSUKlxGJjOkOihWvQy8T+vk+j+eTdlIk40CDr7qJ9wrCOcZYN7TALVfGwIoZKZXTEdEkmoNgkWTAju4snLpHladivli5tKsXo1jyOPjtAxOkEuOkNVVEN11EAUPaJn9IrerCfrxXq3PmatOWs+c4j+wPr8AbcEnIs=</latexit>

combinatorial Laplace matrix
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<latexit sha1_base64="2j54Y3fpVsuS6sMO27HM8kBBvVs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSIcstKILHiGaBZAg9nZ6kSc9Cd48QhnyCFw+KePWLvPk39iQRVPRBweO9KqrqeTFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1ppeZ372nQrIovFOzmLoBHofMZwQrLd1eDSvDYskyG/Vq2akiy7Ssml22M1KuORUH2VrJUIIVWsPi+2AUkSSgoSIcS9m3rVi5KRaKEU7nhUEiaYzJFI9pX9MQB1S66eLUOTrTygj5kdAVKrRQv0+kOJByFni6M8BqIn97mfiX10+UX3dTFsaJoiFZLvITjlSEsr/RiAlKFJ9pgolg+lZEJlhgonQ6BR3C16fof9Ipm7ZjNm6cUvNiFUceTuAUzsGGGjThGlrQBgJjeIAneDa48Wi8GK/L1pyxmjmGHzDePgEk9Y29</latexit>
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New Laplace matrixRandom walk on hypergraphs …
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<latexit sha1_base64="j+5hpBANx3LirolaOuX+awlEve4="></latexit>

Random walk Laplace matrix
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<latexit sha1_base64="/9rvN8H7Y5fL27kX+Gw8wl64ibg=">AAACC3icbZC7TsMwFIadcivlFmBksVohsVAlqBIwIFWwdGAoEr1Ibagcx21NHCeyHaQqys7Cq7AwgBArL8DG2+CmGaDlSJY//f85ss/vRoxKZVnfRmFpeWV1rbhe2tjc2t4xd/faMowFJi0cslB0XSQJo5y0FFWMdCNBUOAy0nH9q6nfeSBC0pDfqklEnACNOB1SjJSWBmb5epDQ+/TCv2toSPseYQpl0rGfXVo3K1bVygougp1DBeTVHJhffS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQthHI9LTyFFApJNku6TwUCseHIZCH65gpv6eSFAg5SRwdWeA1FjOe1PxP68Xq+GZk1AexYpwPHtoGDOoQjgNBnpUEKzYRAPCguq/QjxGAmGl4yvpEOz5lRehfVK1a9Xzm1qlfpnHUQQHoAyOgA1OQR00QBO0AAaP4Bm8gjfjyXgx3o2PWWvByGf2wZ8yPn8Awrebhw==</latexit>
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<latexit sha1_base64="KHKrHDxDobkVkFPd1YcUcOwQI3g=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXYloBZC0CZlBPOAbFxmJzfJkNnZdWZWCEu+wMZfsbFQxNbazr9xNkmhiQcunDnnXubeE8ScKe0431ZuZXVtfSO/Wdja3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysYXWd+6wGkYpG41eMYuiEZCNZnlGgj+XZp5Kdscle79FQS+qkHnHsC7jGb4MzJ3sb17aJTdqbAy8SdkyKao+7bX14vokkIQlNOlOq4Tqy7KZGaUQ6TgpcoiAkdkQF0DBUkBNVNp+dMcMkoPdyPpCmh8VT9PZGSUKlxGJjOkOihWvQy8T+vk+j+eTdlIk40CDr7qJ9wrCOcZYN7TALVfGwIoZKZXTEdEkmoNgkWTAju4snLpHladivli5tKsXo1jyOPjtAxOkEuOkNVVEN11EAUPaJn9IrerCfrxXq3PmatOWs+c4j+wPr8AbcEnIs=</latexit>

combinatorial Laplace matrix
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<latexit sha1_base64="ZTTL+Ly32Ms7ziKU/0qXbjCyVFc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSMXFuQRE8RjQLJEPo6fQkTXoWunuEMOQTvHhQxKtf5M2/sbMIKvqg4PFeFVX1/IQzqSzrw8itrK6tb+Q3C1vbO7t7xf2DloxTQWiTxDwWHR9LyllEm4opTjuJoDj0OW3748uZ376nQrI4ulOThHohHkYsYAQrLd1e9e1+sWSZdsWuOGfIMl3XrdZqmljlSrXsINu05ijBEo1+8b03iEka0kgRjqXs2laivAwLxQin00IvlTTBZIyHtKtphEMqvWx+6hSdaGWAgljoihSaq98nMhxKOQl93RliNZK/vZn4l9dNVXDuZSxKUkUjslgUpBypGM3+RgMmKFF8ogkmgulbERlhgYnS6RR0CF+fov9Jq2zajuneOKX6xTKOPBzBMZyCDTWowzU0oAkEhvAAT/BscOPReDFeF605YzlzCD9gvH0CNwqNyg==</latexit>
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<latexit sha1_base64="JSdqIQh/+QSYqCjzC/lQRz8o3e0=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KptSbHsriuCxov2AdinZNNuGZrNLkhXK0p/gxYMiXv1F3vw3ZtsKKvpg4PHeDDPz/FhwbVz3w1lZXVvf2Mxt5bd3dvf2CweHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k8vM79wzpXkk78w0Zl5IRpIHnBJjpdurQXlQKLol13UxxigjuHruWlKv18q4hnBmWRRhieag8N4fRjQJmTRUEK172I2NlxJlOBVslu8nmsWETsiI9SyVJGTaS+enztCpVYYoiJQtadBc/T6RklDraejbzpCYsf7tZeJfXi8xQc1LuYwTwyRdLAoSgUyEsr/RkCtGjZhaQqji9lZEx0QRamw6eRvC16fof9Iul3ClVL+pFBsXyzhycAwncAYYqtCAa2hCCyiM4AGe4NkRzqPz4rwuWlec5cwR/IDz9gkQWI2w</latexit>
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<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>

Thu 24 : Session 12B: Dynamics II 
13:00 Timoteo Carletti, Federico Battiston, Giulia Cencetti and Duccio Fanelli 

Random walks on hypergraphs
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Dynamical systems on hypergraphs

dx

dt
= F(x) x 2 Rd

<latexit sha1_base64="GCle9EBFeJK31Ioehr24HYcGkHw="></latexit>
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Dynamical systems on hypergraphs

dx

dt
= F(x) x 2 Rd

<latexit sha1_base64="GCle9EBFeJK31Ioehr24HYcGkHw="></latexit>

dxi

dt
= F(xi) xi 2 Rd

<latexit sha1_base64="qDZAgI9+7f/EP1nV2JWdasLGwf8="></latexit>

i = 1, . . . , n

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

i
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Dynamical systems on hypergraphs

dx

dt
= F(x) x 2 Rd

<latexit sha1_base64="GCle9EBFeJK31Ioehr24HYcGkHw="></latexit>

dxi

dt
= F(xi) xi 2 Rd

<latexit sha1_base64="qDZAgI9+7f/EP1nV2JWdasLGwf8="></latexit>

i = 1, . . . , n

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

ii

nonlinear 
coupling function

dxi

dt
= F(xi)� "

X

↵

(C↵↵ � 1) ei↵ej↵ [G(xi)�G(xj)]

<latexit sha1_base64="Y06PArfG3BmP/MdoZgf7Q1V/gK4="></latexit>

dxi

dt
= F(xi)� "

X

j

LijG(xj)

<latexit sha1_base64="Xvlq35sz7fE9IkmBAF3/YbSKDHc="></latexit>
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Master Stability Function

ds(t)

dt
= F(s(t))

<latexit sha1_base64="6o8erYJ55k/atH9PKQz5syAfbcs=">AAACHHicbVDLSsNAFJ34rPUVdekmWIR2UxItqAuhKIjLCvYBTSmTyaQdOnkwcyOUkA9x46+4caGIGxeCf+OkjWBbD1w4nHMv997jRJxJMM1vbWl5ZXVtvbBR3Nza3tnV9/ZbMowFoU0S8lB0HCwpZwFtAgNOO5Gg2Hc4bTuj68xvP1AhWRjcwziiPR8PAuYxgkFJff3U9gQmiWv7GIaOl8i0DJU0cSG9/JVu0vKMW+nrJbNqTmAsEisnJZSj0dc/bTcksU8DIBxL2bXMCHoJFsAIp2nRjiWNMBnhAe0qGmCfyl4yeS41jpXiGl4oVAVgTNS/Ewn2pRz7jurMrpTzXib+53Vj8M57CQuiGGhApou8mBsQGllShssEJcDHimAimLrVIEOs0gKVZ1GFYM2/vEhaJ1WrVr24q5XqV3kcBXSIjlAZWegM1dEtaqAmIugRPaNX9KY9aS/au/YxbV3S8pkDNAPt6wfSIqJv</latexit>

Homogeneous solution of 
the interconnected system

dxi

dt
= F(xi)� "

X

j

LijG(xj)

<latexit sha1_base64="Xvlq35sz7fE9IkmBAF3/YbSKDHc="></latexit>
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Master Stability Function

ds(t)

dt
= F(s(t))

<latexit sha1_base64="6o8erYJ55k/atH9PKQz5syAfbcs=">AAACHHicbVDLSsNAFJ34rPUVdekmWIR2UxItqAuhKIjLCvYBTSmTyaQdOnkwcyOUkA9x46+4caGIGxeCf+OkjWBbD1w4nHMv997jRJxJMM1vbWl5ZXVtvbBR3Nza3tnV9/ZbMowFoU0S8lB0HCwpZwFtAgNOO5Gg2Hc4bTuj68xvP1AhWRjcwziiPR8PAuYxgkFJff3U9gQmiWv7GIaOl8i0DJU0cSG9/JVu0vKMW+nrJbNqTmAsEisnJZSj0dc/bTcksU8DIBxL2bXMCHoJFsAIp2nRjiWNMBnhAe0qGmCfyl4yeS41jpXiGl4oVAVgTNS/Ewn2pRz7jurMrpTzXib+53Vj8M57CQuiGGhApou8mBsQGllShssEJcDHimAimLrVIEOs0gKVZ1GFYM2/vEhaJ1WrVr24q5XqV3kcBXSIjlAZWegM1dEtaqAmIugRPaNX9KY9aS/au/YxbV3S8pkDNAPt6wfSIqJv</latexit>

Homogeneous solution of 
the interconnected system

dxi

dt
= F(xi)� "

X

j

LijG(xj)

<latexit sha1_base64="Xvlq35sz7fE9IkmBAF3/YbSKDHc="></latexit>

�xi = xi � s

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

d�xi

dt
= DF(s(t))�xi � "

X

j

LijDG(s(t))�xj

<latexit sha1_base64="adjVTV9xMzK9f7CuSputqiPtmdI="></latexit>
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Master Stability Function

ds(t)

dt
= F(s(t))

<latexit sha1_base64="6o8erYJ55k/atH9PKQz5syAfbcs=">AAACHHicbVDLSsNAFJ34rPUVdekmWIR2UxItqAuhKIjLCvYBTSmTyaQdOnkwcyOUkA9x46+4caGIGxeCf+OkjWBbD1w4nHMv997jRJxJMM1vbWl5ZXVtvbBR3Nza3tnV9/ZbMowFoU0S8lB0HCwpZwFtAgNOO5Gg2Hc4bTuj68xvP1AhWRjcwziiPR8PAuYxgkFJff3U9gQmiWv7GIaOl8i0DJU0cSG9/JVu0vKMW+nrJbNqTmAsEisnJZSj0dc/bTcksU8DIBxL2bXMCHoJFsAIp2nRjiWNMBnhAe0qGmCfyl4yeS41jpXiGl4oVAVgTNS/Ewn2pRz7jurMrpTzXib+53Vj8M57CQuiGGhApou8mBsQGllShssEJcDHimAimLrVIEOs0gKVZ1GFYM2/vEhaJ1WrVr24q5XqV3kcBXSIjlAZWegM1dEtaqAmIugRPaNX9KY9aS/au/YxbV3S8pkDNAPt6wfSIqJv</latexit>

Homogeneous solution of 
the interconnected system

dxi

dt
= F(xi)� "

X

j

LijG(xj)

<latexit sha1_base64="Xvlq35sz7fE9IkmBAF3/YbSKDHc="></latexit>

�xi = xi � s

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

d�xi

dt
= DF(s(t))�xi � "

X

j

LijDG(s(t))�xj

<latexit sha1_base64="adjVTV9xMzK9f7CuSputqiPtmdI="></latexit>

L�↵ = ⇤↵

H
�↵

<latexit sha1_base64="ipRyWu18OwBWChPIZErYul8diOE="></latexit>

d�y↵

dt
= [DF(s(t))� "⇤↵

H
G(s(t))] �y↵

<latexit sha1_base64="+pm6xJlSUaBJNRdEYGTCZCB/apw="></latexit>

Master Stability Function on hypergraphs
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MSF

Turing patterns

Synchronisation of  
nonlinear oscillators

Synchronisation of  
chaotic orbits
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Diffusion�

Ac#vator) Inhibitor)

Autocatalysis�
(positive feedback) �

Catalysis �
(positive feedback) �

Inhibition�
(negative feedback) �

Reaction �
A.M.Turing, The chemical basis of morphogenesis, Phil. Trans. R Soc London B, 237, (1952), pp.37
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Diffusion�

Ac#vator) Inhibitor)

Autocatalysis�
(positive feedback) �

Catalysis �
(positive feedback) �

Inhibition�
(negative feedback) �

Reaction �
A.M.Turing, The chemical basis of morphogenesis, Phil. Trans. R Soc London B, 237, (1952), pp.37

Nakao H. and Mikhailov A. S.,  
Turing patterns in network-organized activator–inhibitor systems, Nature Physics, 6, (2010), pp.544
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d�y↵

dt
= [DF(xhomog)� "⇤↵

H
G(xhomog)] �y↵

<latexit sha1_base64="DEab2VT1/ImCJ7BZ1S+/ddGIRsM="></latexit>
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d�y↵

dt
= [DF(xhomog)� "⇤↵

H
G(xhomog)] �y↵

<latexit sha1_base64="DEab2VT1/ImCJ7BZ1S+/ddGIRsM="></latexit>
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September the 19th, 2020, Rome, Italy

Dynamical systems on Hypergraphs

Timoteo Carletti
Thank youAny questions?


