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<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤
<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>



Vertex Nomination

v⇤
<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0
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Vertex Nomination

and an Adversary
v⇤

<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤
<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤
<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>



Vertex Nomination

and an Adversary

and Countering that Adversary

v⇤
<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤
<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0
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<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

(a) G1 & G2: VN succeeds
(b) Gc

1 & Gc
2: VN fails under contamination

(c) Gcr
1 & Gcr

2 : VN succeeds after regularization



Illustrative Simulation Example

●● ●

●

●●

(a) G1

(b) G1 & G2: VN succeeds
v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

(c) G1 & Gc
2: VN fails under contamination

v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>

v⇤
0

<latexit sha1_base64="2qmBElKEpasF1o1sK1lp+Qc7oZk=">AAABxnicZY87TgMxEIbH4RWWV4CSBpECRBHtIiSqiAialEEijyIQeZ3ZYOK1LdsbhFYr5Qi0cAUOwhm4DZtHs+SvPn0zo9EfasGt8/1fUlpb39jcKm97O7t7+weVw6OOVYlh2GZKKNMLqUXBJbYddwJ72iCNQ4HdcHw/m3cnaCxX8tG9a3yK6UjyiDPqctWZPKeX59mgUvVr/jynqxAsoXr749WnANAaVL77Q8WSGKVjglqbUuM4E5h5fT2MYi6VWT6tX3v9xKKmbExHmGpq7JjrrCAjJR1KVpTzakWFMv9oqMOiprGNqXspypkxNrKZ5+Xtgv9dVqFzVQtyfgiqjTtYpAwncAYXEMANNKAJLWgDg1f4gE/4Ik0iSULeFqslsrw5hkLI9A8yioLE</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="W4TtHFO8aKFkW/TsYEDYTp+4vcs=">AAABxnicZY+7TgMxEEXH4RXMK0BJg0gBooh2USSqiAialEEijyIQeZ3ZYOL1WrY3CEUr8Qm00FLyIXwC4m/YPJoltzo6M6PRDbQU1nneLymsrK6tbxQ36db2zu5eaf+gbePEcGzxWMamGzCLUihsOeEkdrVBFgUSO8HoZjrvjNFYEas796LxPmJDJULBmctUe/wwOT9N+6WyV/FmOV4GfwHlq29a058/tNkvffUGMU8iVI5LZu2EGSe4xJT29CCMhIrN4mmtSnuJRc34iA1xopmxI6HTnAxj5VDxvJxVyytU2UfDHOY1i2zE3GNeTo2xoU0pzdr5/7ssQ/ui4md865fr1zBPEY7gBM7Ah0uoQwOa0AIOT/AG7/BBGkSRhDzPVwtkcXMIuZDXP+tehDg=</latexit><latexit sha1_base64="Ct6z1Pa06KAmY8cMjETesp3aKBk=">AAABxnicZY+7TsMwFIaPy62EW4GRBdEBxFAlqBITUgVLxyLRtEOgctyTYurYlu0UoSoSj8AKr8AT8TakJUvoP/36zjk6+mItuHW+/0Nqa+sbm1v1bW9nd2//oHF4FFqVGYZ9poQyw5haFFxi33EncKgN0jQWOIind4v5YIbGciUf3JvGx5ROJE84o65A4expfnmejxpNv+Uvc7pagrI0oUxv1PiOxoplKUrHBLV2To3jTGDuRXqcpFwqUz69aXtRZlFTNqUTnGtq7JTrvAITJR1KVoVLtSpCWXw01GEV09Sm1D1X4YIYm9jc8wq74L/LagmvWkHR74Nm57b0rMMJnMEFBHANHehCD/rA4AU+4BO+SJdIkpHXv9UaKW+OoRLy/gsJjYD3</latexit>

(d) G1 & Gcr
2 : VN succeeds after regularization

v⇤<latexit sha1_base64="71ThDCgG0XxMO+yiSaVdMcBwDX0=">AAABw3icZY/LSsNAFIbP1FuNt6pLN2I34qIkInRVLIrgsqJpu4iWyfSkDpnMDDPTgpSAL+BWH8IH8Rl8G9PLJvZffXznHA5/rAW3zvd/SWVtfWNzq7rt7ezu7R/UDo+6Vo0Nw5ApoUw/phYFlxg67gT2tUGaxQJ7cXo7m/cmaCxX8sm9aXzO6EjyhDPqCvU4ebkY1Op+w5/ndBWCJdSvf7zWOwB0BrXvaKjYOEPpmKDWTqlxnAnMvUgPk4xLZZYfW1deNLaoKUvpCKeaGptynZdkoqRDycpy3qusUBYfDXVY1jSzGXWvZTkzxiY297yiXfC/yyp0LxtBwQ9BvX0Di1ThBM7gHAJoQhvuoQMhMBjBB3zCF7kjKTHELVYrZHlzDKWQ/A84eIGH</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="o4hrLx2OZXj9u2m23z47lJTXHHw=">AAABw3icZY/LSgMxFIZP6q3GW9WlG7EbcVFmRHBVLIrgsqK9LKolk56pYTJJSNKClHkEt/oALn0QH0F8G6eXzdh/9fGdczj8kZHC+SD4JaWV1bX1jfIm3dre2d2r7B+0nR5Zji2upbbdiDmUQmHLCy+xayyyNJLYiZKb6bwzRuuEVo/+1eBTyoZKxIIzn6uH8fNZv1INasEsx8sQLqB69U3r5vOHNvuVr95A81GKynPJnJsw6wWXmNGeGcSpUNouPtYvaG/k0DCesCFODLMuESYryFgrj4oX5axXUaHKP1rmsahZ6lLmX4pyaqyLXUZp3i7832UZ2ue1MOf7sNq4hnnKcAQncAohXEID7qAJLeAwhDd4hw9ySxJiiZ+vlsji5hAKIdkf8UyC+w==</latexit><latexit sha1_base64="ZDaQXRRb25OPODrYhppLxFi+pRQ=">AAABw3icZY/LSgMxFIZP6q2Ot1GXbsRuxEWZEcGVUBTBZUV7WVRLJj1Tw2SSkGQKUuYR3OpD+ES+jdM6m9h/9fOdczh8iRbcuij6IY219Y3NreZ2sLO7t38QHh71rSoMwx5TQplhQi0KLrHnuBM41AZpnggcJNndYj6YobFcyWf3rvElp1PJU86oq9DT7PViHLaidrTM6WqJ69KCOt1x+D2aKFbkKB0T1No5NY4zgWUw0pM051KZ+uPNVTAqLGrKMjrFuabGZlyXHkyVdCiZD5dePkJZfTTUoY9pbnPq3ny4IMamtgyCyi7+77Ja+pftuOqPcatzW3s24QTO4BxiuIYOPEAXesBgCh/wCV/knmTEEPe32iD1zTF4IeUvD3t/ug==</latexit>
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Illustrative Real Data Example:
Facebook and Friendship Survey Networks

R Mastrandrea, J Fournet, and A Barrat,
Contact Patterns in a High School:

A Comparison between Data Collected Using
Wearable Sensors, Contact Diaries and Friendship Surveys,

PLoS ONE, 2015.

HG Patsolic, Y Park, V Lyzinski, CE Priebe,
Vertex Nomination Via Local Neighborhood Matching,
https://arxiv.org/abs/1705.00674
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Illustrative Real Data Example

Core:

VN succeeds.
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Illustrative Real Data Example

Full:

VN fails.
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Illustrative Real Data Example

Regularized:

VN succeeds.
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Model

Definition

Consider X = [X1, . . . , Xn]
> ∈ Rn×d satisfying XX> ∈ [0, 1]n×n.

The bivariate graph valued random variables (G, G ′)
with respective adjacency matrices A and A ′

are said to be distributed as a pair of ρ-correlated random dot
product graphs with parameter X (abbreviated
(G, G ′) ∼ ρ-RDPG(X)) if

1. Marginally, G, G ′ ∼ RDPG(X), and

2. {Ai,j, A ′k,l}{i,j},{k,l}∈(V
2)

are collectively independent except that

for each {i, j} ∈
(V

2
)
,

correlation(Ai,j, A ′i,j) = ρ.

HG Patsolic, Y Park, V Lyzinski, CE Priebe,
Vertex Nomination Via Local Neighborhood Matching,
https://arxiv.org/abs/1705.00674

https://arxiv.org/abs/1705.00674


Model

The ρ-RDPG model defines what we mean by “corresponding
vertices,” in which we generate two graphs G and G ′ from the
same model in such a way that the nodes in G correspond to the
nodes of G ′ via an identity mapping.

If we wish to also capture a relabeling of the vertices, we can apply
a random permuation to the vertices of G ′; however, this step,
while more practical from a real-data perspective, is unnecessary
for theoretical purposes.



Model

The ρ-RDPG model defines what we mean by “corresponding
vertices,” in which we generate two graphs G and G ′ from the
same model in such a way that the nodes in G correspond to the
nodes of G ′ via an identity mapping.

If we wish to also capture a relabeling of the vertices, we can apply
a random permuation to the vertices of G ′; however, this step,
while more practical from a real-data perspective, is unnecessary
for theoretical purposes.



Model

Our framework posits (H, H ′) ∼ ρ-RDPG(X) for a latent position
matrix X ∈ R(1+s+n)×d.
In order to generate the full graphs G and G ′ which also have
unshared vertices, we generate G ∼ RDPG([X, Y]) and
G ′ ∼ RDPG([X, Y ′]), so that the induced subgraphs
(H, H ′) ∼ ρ-RDPG(X) and the remaining edges of G and G ′ are
formed independently as in the case for the general RDPG.
Thus, the first 1 + s + n vertices in the two graphs correspond to
one another via the identity map and the remaining m and m ′

vertices of G and G ′, respectively, represent the unshared vertices.
Here, Y ∈ Rm×d and Y ′ ∈ Rm ′×d represent the respective latent
positions for the unshared vertices in G and G ′.

For ease of notation, we will write (G, G ′) ∼ ρ-RDPG(X, Y, Y ′),
where (G, G ′) is realized as two graphs: G on η = 1 + s + n + m
vertices {x}∪ S∪W ∪ J and G ′ on η ′ = 1 + s + n + m ′ vertices
{x ′}∪ S ′ ∪W ′ ∪ J ′.
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On consistent vertex nomination schemes
https://arxiv.org/abs/1711.05610

(Journal of Machine Learning Research)
Vince Lyzinski† Keith Levin‡ Carey E. Priebe∗

†Department of Math & Statistics, University of Massachusetts Amherst
‡Department of Statistics, University of Michigan

∗Department of Applied Math & Statistics, Johns Hopkins University

https://arxiv.org/abs/1711.05610


Vertex Nomination:
a general formulation

given a collection of vertices of interest,
find more with similar structural & functional role
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Vertex Nomination:
a general formulation

given a collection of vertices of interest,
find more with similar structural & functional role

one graph: within graph
multiple graphs: between graphs



Vertex Nomination

G2
G1

V(    )G2

A visual representation of the VN framework:
Given vertex of interest v∗ in graph G1 = (V1, E1),
find the corresponding v∗ ′ (∃?) in graph G2 = (V2, E2),
ranking the vertices of G2
so that v∗ ′ appears near the top of the nomination list.



Given a vertex of interest in a network G1, the vertex nomination
problem seeks to find the corresponding vertex of interest (if it
exists) in a second network G2.
Although the vertex nomination problem and related tasks have
attracted much attention in the machine learning literature, with
applications to social and biological networks, the framework has
so far been confined to a comparatively small class of network
models, and the concept of statistically consistent vertex
nomination schemes has been only shallowly explored.
We extend the vertex nomination problem to a very general
statistical model of graphs, and, drawing inspiration from the
long-established classification framework in the pattern recognition
literature, we provide a rigorous theoretical framework for defining
the key notions of Bayes optimality and consistency in this
expanded framework of vertex nomination, including a derivation
of the Bayes optimal vertex nomination scheme.
We prove that no universally consistent vertex nomination scheme
exists.
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On consistent vertex nomination schemes

no universally consistent VN scheme exists?

(a) ”Statistical inference on graphs is an important branch of
modern statistics and machine learning.”
(b) ”the vertex nomination (VN) inference task” is a foundational
inference task for graphs.
(c) L*, u.c., etc provide *the* ”firm theoretical context in which to
frame algorithmic progress”.

=⇒

this is among the most interesting foundational contributions to
”A Probabilistic Theory of Pattern Recognition” in many years,
and among the most interesting foundational contributions to
”A Probabilistic Theory of Pattern Recognition” for graphs ... ever.



no universally consistent VN scheme exists?

The classical classification setting:

• (X, Y), (X1, Y1), · · · , (Xn, Yn) ∼
iid F

• training data Dn = {(X1, Y1), · · · , (Xn, Yn)}

• to-be-classified observation X with unobserved class label Y
• Ln(ĝ) = P[ĝ(X;Dn) 6= Y]

• L∗ = infg P[g(X) 6= Y]



no universally consistent VN scheme exists?

A general theorem by Stone (1977) allows us to deduce
universal consistency of several classification rules.

In particular:
the k-nearest neighbors classifier
with k(n)→∞ and k(n)/n→ 0.

Charles J. Stone, Consistent Nonparametric Regression,
The Annals of Statistics, vol. 5, no. 4, pp. 595-620, 1977.



Graph Matching: Relax at Your Own Risk

Graph matching – aligning a pair of graphs to minimize their edge
disagreements – has received wide-spread attention from both
theoretical and applied communities over the past several decades,
including combinatorics, computer vision, and connectomics. Its
attention can be partially attributed to its computational difficulty.
Although many heuristics have previously been proposed in the
literature to approximately solve graph matching, very few have
any theoretical support for their performance. A common
technique is to relax the discrete problem to a continuous problem,
therefore enabling practitioners to bring gradient-descent-type
algorithms to bear. We prove that an indefinite relaxation
(when solved exactly) almost always discovers the optimal
permutation, while a common convex relaxation almost
always fails to discover the optimal permutation.

IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol. 38, no. 1, pp. 60-73, 2016.



Graph Matching: Relax at Your Own Risk

IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol. 38, no. 1, pp. 60-73, 2016.



On consistent vertex nomination schemes

Definition: Bayes error of a VN scheme

Let (G1, G2) ∼ Fc,n,m,θ with vertex of interest v∗ ∈ C, and let
o : V2 →W be an obfuscating function. For a VN scheme
Φ ∈ Vn,m, we define the level-k error of Φ at v∗ to be

Lk(Φ, v∗) = P(G1,G2)∼Fc,n,m,θ

[
rankΦ(G1,o(G2),v∗)(o(v

∗)) > k + 1
]

.

We define the level-k Bayes optimal VN scheme to be any element
Ψ ∈ arg minΦ∈Vn,m Lk(Φ, v∗), and define the level-k Bayes error to
be L∗k (v

∗) = Lk(Ψ, v∗) for Bayes optimal Ψ.

The level-1 Bayes error would correspond to the Bayes error if we
viewed vertex nomination as a simple classification problem rather
than a more complicated ranking problem. That is, L1(Φ, v∗) is
simply the probability that Φ fails to “classify” o(v∗) as the vertex
corresponding to v∗ in o(G2).



On consistent vertex nomination schemes

Remark:

We note that the error defined above depends on n and m in a
manner distinct from that defined in the classical classification
framework. In the classical setting, L(hn) denotes the error rate of
a classifier that classifies a single observation X based on n training
instances {(Xi, Yi)}

n
i=1. In the case of VN, the notion of labeled

training instances is, at best, more hazy. Indeed, in the present
setting, the training data and test data are inseparable—the graphs
(more specifically, their edges) are the training data.



On consistent vertex nomination schemes

Theorem:

Let Φ∗ = . . . .
Then Lk(Φ

∗, v∗) = L∗k (v
∗).



On consistent vertex nomination schemes

Definition: Consistency of a VN scheme

Let F =
(
Fc(n),n,m(n),θ(n)

)∞
n=n0

be a sequence of nominatable

distributions in N with nested cores satisfying limn→∞m(n) =∞.
For a given non-decreasing sequence {kn}, we say that a VN rule
Φ = (Φn,m(n))

∞
n=n0

is level-{kn} consistent at v∗ with respect to F if

lim
n→∞Lkn(Φn,m(n), v∗) − L∗kn

(v∗) = 0,

for any sequence of obfuscating functions of V2 with |V2| = m(n).
If a scheme Φ is level-{kn} consistent at v∗ for a constant sequence
kn = k, n = 1, 2, . . . , then we say simply that Φ is level-k
consistent.



On consistent vertex nomination schemes

In the VN problem, the complexity of the model generating the
data can also grow in n, which effectively thwarts the ability of a
VN rule to asymptotically overcome a sequence of adversarial
graph models.



On consistent vertex nomination schemes

Theorem:

Let ε ∈ (0, 1) be arbitrary, and consider a VN rule Φ = (Φn,m).
For any nondecreasing sequence (kn) satisfying kn = o(m),
there exists a sequence of distributions (Fc,n,m,θ) in N

with nested cores such that

limsupn→∞L∗kn
(v∗) = ε < 1 = limn→∞Lkn(Φn,m, v∗).

Unlike in the classification setting,
no universally consistent VN scheme exists!



But it gets worse

Definition

Let N be the collection of all nested-core nominatable sequences.
For a nondecreasing sequence (kn), we say that C ∈ N is a maximal
(kn)-consistency class if the following two conditions hold.

i. There exists a VN rule Φ that is jointly (kn)-consistent for
each F ∈ C;

ii. If F ′ /∈ C, then there does not exist a VN rule Φ that is jointly
(kn)-consistent for each F ∈ C∪ {F ′}.

A natural question to ask is whether it is possible to partition N

into a finite number of maximal (kn)-consistency classes for a
particular sequence (kn)

∞
n=1? If so, then the lack of universally

consistent VN-schemes can be operationally mitigated via an
ensemble nomination approach.

However . . .



But it gets worse:
an infinite number of consistency classes . . .

For any sequences (kn), any partition of N into maximal
(kn)-consistency classes must include countably infinite parts.

Theorem

Let (kn) be a sequence of nondecreasing numbers satisfying
kn = o(n). If N = ∪α∈ACα is a partition of N into maximal
(kn)-consistency classes, then |A| is at least ℵ0.



But it gets worse:
an infinite number of consistency classes . . .

For any sequences (kn), any partition of N into maximal
(kn)-consistency classes must include countably infinite parts.

Theorem

Let (kn) be a sequence of nondecreasing numbers satisfying
kn = o(n). If N = ∪α∈ACα is a partition of N into maximal
(kn)-consistency classes, then |A| is at least ℵ0.



And still worse . . .

One of the consequences of a lack of universal consistency is that,
for any given VN rule and nondecreasing sequence (kn),
nominatable distributions exist outside of the (kn)-consistency class

C
(kn)
Φ = {F ∈ N s.t. Φ is (kn)-consistent for F}.

Given Φ and F, is it possible to verify F∈ C
(kn)
Φ ?

This is a central (theoretical) question in practice,
as the first step in correcting for an inconsistent VN scheme
is being able to detect if a VN scheme is, in fact, inconsistent.

Unfortunately,
such a verification is impossible sans metadata/supervision.



Adversary / Contamination – an outlier model

Bickel & Doksum



Adversary / Contamination
To model adversarial attacks in the VN-framework, we introduce
the concept of an adversary.
We say A = {fA, VA} is an adversary if

1. fA : Gm 7→ Gm such that V(fA(G)) = V(G),

2. VA ⊂ V(G),

3. If

K =

{
v, w ∈ V(G) s.t. (v, w) ∈ E(fA(G)) \ E(G)

}
∪{

v, w ∈ V(G) s.t. (v, w) ∈ E(G) \ E(fA(G))

}
,

then K ⊂ VA.

We say that A is an edge-augmenting adversary if
E(G) ⊂ E(fA(G)), and similarly for an edge-removing adversary.
In other words, fA is just a function that operates only on the
edges incident to the vertices of VA.
We refer to VA as the vertices controlled by A.



Example Adversarial Model

Consider a stochastic blockmodel on Gn, with two blocks, B1 and
B2 with n/2 vertices in each block. The edge-probability matrix B
is given by

B =

(
p r
r q

)
,

with p > q > r > 0.
Consider the following model-contamination procedure:

1. First, c+ vertices are selected at random from V (call them
W+), and c− vertices are selected at random from V \ W+.

2. For each vertex v ∈W+, and each vertex u ∈ V \ W−, if there
is not an edge, an edge is then created with probability s+.

3. For each vertex v ∈W−, and each vertex u ∈ V \ W+, if there
is an edge, it is deleted with probability s−.

Notice that this gives rise to a new stochastic block model with
the edge-probability matrix B̃ given by



Example Adversarial Model

B̃ =

B̃1 B̃+
1 B̃−

1 B̃2 B̃+
2 B̃−

2



B̃1 p p + s+(1 − p) p − s−p r r + s+(1 − r) r − s−r

B̃+
1 p + s+(1 − p) p + s+(1 − p) p r + s+(1 − r) r + s+(1 − r)+ r

+(1 − p)(1 − s+)s+ (1 − r)(1 − s+)(s+)
B̃−

1 p − s−p p p − s−p r − s−(1 − r) r r − s(1 − r)
−p(1 − s−)(s−) −r(1 − s−)s−

B̃2 r r + s+(1 − r) r − s−r q q + s+(1 − q) q − qs−

B̃+
2 r + s+(1 − r) r + s+(1 − r) r q + s+(1 − q) q + s+(1 − q) q

+(1 − r)(1 − s+)s+ +(1 − q)(1 − s+)s+
B̃−

2 r − s−r r r − s−r q − s−q q q − s−q
−r(1 − s−)s− −q(1 − s−)s−

,

where B̃+
1 are the vertices in W+ ∩ B1, B̃−

1 are the vertices in

B1 ∩W−, and B̃1 are the vertices in B1 \ (B̃+
1 ∪ B̃−

1 ), with B̃2
defined analogously.

We will assume that our vertex of interest was unchanged in B̃1.



Example Adversarial Model



Adversarial Effect

Theorem

Suppose that Φ is a VN scheme that runs spectral clustering on
the contaminated graph by first selecting the number of
communities in a consistent manner and nominating the vertices in
the group with the highest probability of within-group connection.
Suppose that we are interested in rank kn = n/2. If either

1. p−q
p < s−(2 − s−) for all n, or

2. p−q
1−q < s+(2 − s+) for all n,

then Φ is no longer consistent with respect to the contaminated
model (provided p 6= q for all n).

We have a VN scheme.
We have a distribution.
And that distribution is in our scheme’s consistency class.
Now, after contamination,
the new distribution is not in our scheme’s consistency class.
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“reality is for people who can’t handle drugs”



Larson’s Rule:
regularization of contaminated graphs
for VN inference task

Jonathan Larson, MSR Chris White, MSR



regularization



regularization



The modularity of a graph with respect to some vertex partition
measures how good the partition is, or how separated the different
partitions are from each other. It is defined as

Q =
1

2m
∗
∑

i,j

(Aij − ki ∗ kj

2m

)
δ(ci, cj),

where

• m is the number of edges,

• Aij is the element of the adjacency matrix,

• kv is the degree of v,

• cv is the type (or component) of v,

• δ(x, y) equals 1 if x = y and 0 otherwise.







Illustrative Simulation Result: VN◦GMM◦ASE

●● ●

●

●●

(a) G1
(b) G1 & G2: VN succeeds
(c) G1 & Gc

2: VN fails under contamination
(d) G1 & Gcr

2 : VN succeeds after regularization



Simulation Results
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Yogi Berra (purportedly):

“In theory there is no difference between theory and practice.
In practice, there is.”

(cf. “That’s all well and good in practice, but how does it work in theory?”)



High School Data: Facebook & Friendship

About the data:

FB full Survey full FB core Survey core
|V| 156 134 82 82
|E| 1437 406 513 214

average degree 18.42 6.06 12.51 5.22



High School Data: Facebook & Friendship

Core: VN succeeds.

Full: VN fails.

Regularized: VN succeeds.



High School Data: Facebook & Friendship
Results
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High School Data: Facebook & Friendship
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Zebrafish Results
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People
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Leopold Kronecker to Hermann von Helmholtz (1888):

“The wealth of your practical experience
with sane and interesting problems

will give to mathematics
a new direction and a new impetus.”

Kronecker Helmholtz




