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random walks
Aij = Aji = 1

⌦Number of nodes:

Adjacency matrix:

ki =
X

j

AijNodes degree:
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random walks

Random walk on networks

Aij = Aji = 1

⌦Number of nodes:

Adjacency matrix:

ki =
X

j

AijNodes degree:

Transition probability 
form i to j :

T (j|i) = Aij

ki

j

i
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random walks

Random walk on networks

(asymptotically)Pi(t) ⇠ ki

Aij = Aji = 1

⌦Number of nodes:

Adjacency matrix:

ki =
X

j

AijNodes degree:

Transition probability 
form i to j :

T (j|i) = Aij

ki
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Hypergraphs
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Hypergraphs. Some definitions.

ensemble of nodes
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Hypergraphs. Some definitions.

hyperedges = set of nodes

ensemble of nodes

|E↵2 | = 3

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

|E↵1 | = 2

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

|E↵3 | = 1

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

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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Hypergraphs. Randomwalk.

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>

hyperedge size incidence matrices

kH
ij

=
X

↵

(C↵↵ � 1)⌧ei↵ej↵

<latexit sha1_base64="ovKMq3hgRWC5ydr9boi7A35ggwM="></latexit>
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Hypergraphs. Randomwalk.

kH
ij

=
X

↵

(C↵↵ � 1)⌧ei↵ej↵

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

LH

ij
= �ij �

kH
ijP

` 6=i
kH
i`

<latexit sha1_base64="j+5hpBANx3LirolaOuX+awlEve4="></latexit>

p(1)
i

=
kH
iP
`
kH
`

<latexit sha1_base64="mFlCLaDb49MtbK3oY0PFogrZixo=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIdVNmpKIuhKKbLivYC3TaIZNm2tBMZkgyQgnzJG58FTcuFBFc6duYtrPQ1h8CH/85h5Pz+zGjUtn2t5VbWV1b38hvFra2d3b3ivsHLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn749tpvf1AhKQRv1eTmPRCNOQ0oBgpY3nF89ijfV12KQ/U5DS9dgOBsB57mqb9eqpdmYSedgljKRxnYHyvWLIr9kxwGZwMSiBTwyt+uoMIJyHhCjMkZdexY9XTSCiKGUkLbiJJjPAYDUnXIEchkT09Oy+FJ8YZwCAS5nEFZ+7vCY1CKSehbzpDpEZysTY1/6t1ExVc9jTlcaIIx/NFQcKgiuA0KziggmDFJgYQFtT8FeIRMgEpk2jBhOAsnrwMrbOKU61c3VVLtZssjjw4AsegDBxwAWqgDhqgCTB4BM/gFbxZT9aL9W59zFtzVjZzCP7I+voBWqmj5g==</latexit>
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Hypergraphs & projections
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Ranking inversion (I)

kH
i

= 3 < kH
j

= 4

<latexit sha1_base64="m4xboavx02yQDR9scwo7FzGzrok=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRaUEGh6KbLCvYBbQyT6aQdM3kwMxFq6Je4caGIWz/FnX/jtM1CWw9c7uGce5k7x0s4k8qyvo2l5ZXVtfXCRnFza3unZO7utWScCkKbJOax6HhYUs4i2lRMcdpJBMWhx2nbC24mfvuRCsni6E6NEuqEeBAxnxGstOSapcBl9/Wr08vAfdC96pplq2JNgRaJnZMy5Gi45levH5M0pJEiHEvZta1EORkWihFOx8VeKmmCSYAHtKtphEMqnWx6+BgdaaWP/FjoihSaqr83MhxKOQo9PRliNZTz3kT8z+umyj93MhYlqaIRmT3kpxypGE1SQH0mKFF8pAkmgulbERligYnSWRV1CPb8lxdJ66RiVysXt9Vy7TqPowAHcAjHYMMZ1KAODWgCgRSe4RXejCfjxXg3PmajS0a+sw9/YHz+ACCykh0=</latexit>

ki = 3 > kj = 2

<latexit sha1_base64="4tvaxu4osxtdiAfQdWhAr9j7hmo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQT1Uil48VrAfkIaw2W7atZts2N0IJfRnePGgiFd/jTf/jds2B60+GHi8N8PMvCDhTGnb/rIKK6tr6xvFzdLW9s7uXnn/oKNEKgltE8GF7AVYUc5i2tZMc9pLJMVRwGk3GN/M/O4jlYqJ+F5PEupFeBizkBGsjeSOfdY4uxr7D42aX67YVXsO9Jc4OalAjpZf/uwPBEkjGmvCsVKuYyfay7DUjHA6LfVTRRNMxnhIXUNjHFHlZfOTp+jEKAMUCmkq1miu/pzIcKTUJApMZ4T1SC17M/E/z011eOFlLE5STWOyWBSmHGmBZv+jAZOUaD4xBBPJzK2IjLDERJuUSiYEZ/nlv6RTqzr16uVdvdK8zuMowhEcwyk4cA5NuIUWtIGAgCd4gVdLW8/Wm/W+aC1Y+cwh/IL18Q0MrpB4</latexit>

i

<latexit sha1_base64="S3/hmVL57PA4fjtf7bcyXcxv8MQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmrxfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1arXzVqlfpPHUYQTOIVz8OAS6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f012M+Q==</latexit>

j

<latexit sha1_base64="qiqPJ7CGe2l9doo31QYk7K0PUSU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDeZZHZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7+d+6wmV5rF8NJME/YgOJA85o8ZK9VGvWHLL7gJknXgZKUGGWq/41e3HLI1QGiao1h3PTYw/pcpwJnBW6KYaE8rGdIAdSyWNUPvTxaEzcmGVPgljZUsaslB/T0xppPUkCmxnRM1Qr3pz8T+vk5rwxp9ymaQGJVsuClNBTEzmX5M+V8iMmFhCmeL2VsKGVFFmbDYFG4K3+vI6aV6VvUr5tl4pVe+yOPJwBudwCR5cQxUeoAYNYIDwDK/w5oycF+fd+Vi25pxs5hT+wPn8AdThjPo=</latexit>

clique 
projection

rank(j) > rank(i)

<latexit sha1_base64="6qCGWg6tN9qMo9156Hync4CITuU=">AAACBnicbVDLSgMxFM34rPU16lKEYBHaTZmRgrqRohuXFewD2qFk0rSNzWSG5I5Yhq7c+CtuXCji1m9w59+YtrOorQcunJxzL7n3+JHgGhznx1paXlldW89sZDe3tnd27b39mg5jRVmVhiJUDZ9oJrhkVeAgWCNSjAS+YHV/cD326w9MaR7KOxhGzAtIT/IupwSM1LaPWsAeIVFEDkb5+8Ll7JMX2nbOKToT4EXipiSHUlTa9nerE9I4YBKoIFo3XScCLyEKOBVslG3FmkWEDkiPNQ2VJGDaSyZnjPCJUTq4GypTEvBEnZ1ISKD1MPBNZ0Cgr+e9sfif14yhe+4lXEYxMEmnH3VjgSHE40xwhytGQQwNIVRxsyumfaIIBZNc1oTgzp+8SGqnRbdUvLgt5cpXaRwZdIiOUR656AyV0Q2qoCqi6Am9oDf0bj1br9aH9TltXbLSmQP0B9bXL2YRmRY=</latexit>

rank(j) < rank(i)

<latexit sha1_base64="5XweogITwd6pwJ27RYZpMrYgLsc=">AAACBnicbVDLSgMxFM34rPU16lKEYBHaTZmRggouim5cVrAPaIeSSdM2NpMZkjtiGbpy46+4caGIW7/BnX9j2s6ith64cHLOveTe40eCa3CcH2tpeWV1bT2zkd3c2t7Ztff2azqMFWVVGopQNXyimeCSVYGDYI1IMRL4gtX9wfXYrz8wpXko72AYMS8gPcm7nBIwUts+agF7hEQRORjl7wuXs09eaNs5p+hMgBeJm5IcSlFp29+tTkjjgEmggmjddJ0IvIQo4FSwUbYVaxYROiA91jRUkoBpL5mcMcInRungbqhMScATdXYiIYHWw8A3nQGBvp73xuJ/XjOG7rmXcBnFwCSdftSNBYYQjzPBHa4YBTE0hFDFza6Y9okiFExyWROCO3/yIqmdFt1S8eK2lCtfpXFk0CE6RnnkojNURjeogqqIoif0gt7Qu/VsvVof1ue0dclKZw7QH1hfv2LtmRQ=</latexit>
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Ranking on hypergraphs and on the projected network

Rank using the projected network

Ra
nk

 us
ing

 th
e h

yp
erg

ra
ph

Same relevance

High-order structures 
do matter

Number of neighbours  
do matter
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Ranking inversion arXiv.
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Rank using the projected network
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Classification

Hypergraph Clique projection

UCI zoo database, 101 animals, 16 features (hair, feathers, eggs, milk, airborne, aquatic, predator, 
toothed, backbone, breathes, venomous, fins, tail, domestic, number of legs, cat size), 7 classes.
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Community detection
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Community detection

<latexit sha1_base64="iOi4if5NkMIV0hgFuxOxEMPZMJw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnUR5oMqjW37s5BVolXkBoUaA6qX/1hxBLFNTJJre15box+Sg0KJvms0k8sjymb0BHvZVRTxa2fzm+dkbNMGZIwMllpJHP190RKlbVTFWSdiuLYLnu5+J/XSzC88VOh4wS5ZotFYSIJRiR/nAyF4QzlNCOUGZHdStiYGsowi6eSheAtv7xK2hd176p++XBZa9wWcZThBE7hHDy4hgbcQxNawGAMz/AKb45yXpx352PRWnKKmWP4A+fzByQbjlE=</latexit>⌧ <latexit sha1_base64="iOi4if5NkMIV0hgFuxOxEMPZMJw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnUR5oMqjW37s5BVolXkBoUaA6qX/1hxBLFNTJJre15box+Sg0KJvms0k8sjymb0BHvZVRTxa2fzm+dkbNMGZIwMllpJHP190RKlbVTFWSdiuLYLnu5+J/XSzC88VOh4wS5ZotFYSIJRiR/nAyF4QzlNCOUGZHdStiYGsowi6eSheAtv7xK2hd176p++XBZa9wWcZThBE7hHDy4hgbcQxNawGAMz/AKb45yXpx352PRWnKKmWP4A+fzByQbjlE=</latexit>⌧
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<latexit sha1_base64="ovKMq3hgRWC5ydr9boi7A35ggwM="></latexit>
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September the 8th, 2021

Random walks on Hypergraphs

Timoteo CarlettiThank youAny questions?


