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3DMM

Vetter & Blanz, A morphable model for the synthesis of 3D faces, Siggraph 1999
Kemelmacher & Basri, 3D face reconstruction from a single image … PAMI 2011
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Learning using Axiomatic Knowledge

We know how to model faces

Can we use that to learn the inverse problem?

CNN

Richardson Sela Or-El K. CVPR’17
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Face reconstruction evolution

Richardson Sela K. 3DV’16/ Richardson Sela Or-El K. CVPR’17/ Richardson Sela K. ICCV’17
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More results

Richardson Sela K. ICCV 2017
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Synthesizing Expressions
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2D embedding identities
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Training iterations (GAN)
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Artificial Intelligence Algorithms to Assess Hormonal Status 
From Tissue Microarrays in Patients With Breast Cancer
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René Descartes

How could we 
use algebra to

describe geometry?



Differential Signatures

§ Euclidean invariant signature {s,κ (s)}
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Differential Signatures

§ Euclidean invariant signature {s,κ (s)}

κ
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Learning invariants

Pai Wetzler K. ICLR 2017



Deep Eikonal solvers

Local numerical approximations using neural networks
Easy to extend the support
Approximation is learned from analytically known solutions
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<latexit sha1_base64="v0/vP4Il+nxU5vg1a4XbDiBSmjE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVo16qe5furSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwEGjZk=</latexit><latexit sha1_base64="v0/vP4Il+nxU5vg1a4XbDiBSmjE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVo16qe5furSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwEGjZk=</latexit><latexit sha1_base64="v0/vP4Il+nxU5vg1a4XbDiBSmjE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVo16qe5furSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwEGjZk=</latexit><latexit sha1_base64="v0/vP4Il+nxU5vg1a4XbDiBSmjE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVo16qe5furSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwEGjZk=</latexit>

p3
<latexit sha1_base64="uxN1TeCtw/JouRtuqyBIwjhbrqs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPSv+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwKKjZo=</latexit><latexit sha1_base64="uxN1TeCtw/JouRtuqyBIwjhbrqs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPSv+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwKKjZo=</latexit><latexit sha1_base64="uxN1TeCtw/JouRtuqyBIwjhbrqs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPSv+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwKKjZo=</latexit><latexit sha1_base64="uxN1TeCtw/JouRtuqyBIwjhbrqs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPSv+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwKKjZo=</latexit>

p4
<latexit sha1_base64="XjExIuN720nXN9wFn/WS9ivKs8o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y/e1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwQOjZs=</latexit><latexit sha1_base64="XjExIuN720nXN9wFn/WS9ivKs8o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y/e1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwQOjZs=</latexit><latexit sha1_base64="XjExIuN720nXN9wFn/WS9ivKs8o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y/e1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwQOjZs=</latexit><latexit sha1_base64="XjExIuN720nXN9wFn/WS9ivKs8o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg9qgXHGr7kJkHbwcKpCrOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugyv/UyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y/e1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHwQOjZs=</latexit>

p1
<latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit>

p9
<latexit sha1_base64="AQkwr+fJKzqqchH0Z/UsBEnTGsw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEaq3ohePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDSTBP2IDiUPOaPGWg9J/7pfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVuo3eRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gALoo2g</latexit><latexit sha1_base64="AQkwr+fJKzqqchH0Z/UsBEnTGsw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEaq3ohePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDSTBP2IDiUPOaPGWg9J/7pfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVuo3eRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gALoo2g</latexit><latexit sha1_base64="AQkwr+fJKzqqchH0Z/UsBEnTGsw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEaq3ohePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDSTBP2IDiUPOaPGWg9J/7pfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVuo3eRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gALoo2g</latexit><latexit sha1_base64="AQkwr+fJKzqqchH0Z/UsBEnTGsw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEaq3ohePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDSTBP2IDiUPOaPGWg9J/7pfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVuo3eRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gALoo2g</latexit>

p10
<latexit sha1_base64="4c7YScfAh5mrULyJUPNwtjo1JEk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBf60V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDM26O3g==</latexit><latexit sha1_base64="4c7YScfAh5mrULyJUPNwtjo1JEk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBf60V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDM26O3g==</latexit><latexit sha1_base64="4c7YScfAh5mrULyJUPNwtjo1JEk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBf60V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDM26O3g==</latexit><latexit sha1_base64="4c7YScfAh5mrULyJUPNwtjo1JEk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBf60V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDM26O3g==</latexit>

p11
<latexit sha1_base64="93BPEuEq9StpA9JLfvHKwNFSHOo=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBcG0V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDNPOO3w==</latexit><latexit sha1_base64="93BPEuEq9StpA9JLfvHKwNFSHOo=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBcG0V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDNPOO3w==</latexit><latexit sha1_base64="93BPEuEq9StpA9JLfvHKwNFSHOo=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBcG0V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDNPOO3w==</latexit><latexit sha1_base64="93BPEuEq9StpA9JLfvHKwNFSHOo=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZzaSXBcG0V674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzfX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyR9/kDNPOO3w==</latexit>

p12
<latexit sha1_base64="XnXRaTyEqZjcl/OQ3Rvu46ikGgo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2AdinZdNrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6Om0almmGDKaF0O6IGBZfYsNwKbCcaaRwJbEXj21m99YTacCUf7CTBMKZDyQecUeusZtLLguq0Vyr7FX8usgpBDmXIVe+Vvrp9xdIYpWWCGtMJ/MSGGdWWM4HTYjc1mFA2pkPsOJQ0RhNm822n5Nw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquhCC5ZNXoVmtBI7vL8u1mzyOApzCGVxAAFdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyR9/kDNniO4A==</latexit><latexit sha1_base64="XnXRaTyEqZjcl/OQ3Rvu46ikGgo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2AdinZdNrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6Om0almmGDKaF0O6IGBZfYsNwKbCcaaRwJbEXj21m99YTacCUf7CTBMKZDyQecUeusZtLLguq0Vyr7FX8usgpBDmXIVe+Vvrp9xdIYpWWCGtMJ/MSGGdWWM4HTYjc1mFA2pkPsOJQ0RhNm822n5Nw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquhCC5ZNXoVmtBI7vL8u1mzyOApzCGVxAAFdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyR9/kDNniO4A==</latexit><latexit sha1_base64="XnXRaTyEqZjcl/OQ3Rvu46ikGgo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2AdinZdNrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6Om0almmGDKaF0O6IGBZfYsNwKbCcaaRwJbEXj21m99YTacCUf7CTBMKZDyQecUeusZtLLguq0Vyr7FX8usgpBDmXIVe+Vvrp9xdIYpWWCGtMJ/MSGGdWWM4HTYjc1mFA2pkPsOJQ0RhNm822n5Nw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquhCC5ZNXoVmtBI7vL8u1mzyOApzCGVxAAFdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyR9/kDNniO4A==</latexit><latexit sha1_base64="XnXRaTyEqZjcl/OQ3Rvu46ikGgo=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2AdinZdNrGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6Om0almmGDKaF0O6IGBZfYsNwKbCcaaRwJbEXj21m99YTacCUf7CTBMKZDyQecUeusZtLLguq0Vyr7FX8usgpBDmXIVe+Vvrp9xdIYpWWCGtMJ/MSGGdWWM4HTYjc1mFA2pkPsOJQ0RhNm822n5Nw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsOMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquhCC5ZNXoVmtBI7vL8u1mzyOApzCGVxAAFdQgzuoQwMYPMIzvMKbp7wX7937WLSuefnMCfyR9/kDNniO4A==</latexit>

h
<latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit><latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit><latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit><latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit>

Lichtenstein, Pai, K., SSVM 2019 - Best Student Paper Award

|ru(x)| = 1, x 2 ⌦ \ �
u(x) = 0, x 2 �

<latexit sha1_base64="wCk7lpGe1wzeYlm6b30v5iEowVA="></latexit>

f̃
<latexit sha1_base64="ClNVMxXJwWooyDseUDUmNr1enI8=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0jaovZW9OKxgv3ANpTNZtIu3WzC7kYoof/CiwdFvPpvvPlv3LQVVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetPrnK/ew9SsVjc6mkCXkRGgoWMEm2ku4FmPIAsnJWG5YpjN3Kc4QWpNQxx6q5Tq2HXduaooCVaw/L7IIhpGoHQlBOl+q6TaC8jUjPKYVYapAoSQidkBH1DBYlAedn84hk+MUqAw1iaEhrP1e8TGYmUmka+6YyIHqvfXi7+5fVTHV54GRNJqkHQxaIw5VjHOH8fB0wC1XxqCKGSmVsxHRNJqDYh5SF8fYr/J52q7dbs6k290rxcxlFER+gYnSIXnaMmukYt1EYUCfSAntCzpaxH68V6XbQWrOXMIfoB6+0TAe6RJg==</latexit>

ũ(p)
<latexit sha1_base64="9Sea+mhbTZAPpm98b9s6lY/K3Qk=">AAAB9HicdVBNS8NAEJ3Ur1q/qh69LBahXkLSFLW3ohePFawttKFsNpt26ebD3U2hhP4OLx4U8eqP8ea/cdNWUNEHA4/3ZpiZ5yWcSWVZH0ZhZXVtfaO4Wdra3tndK+8f3Mk4FYS2Scxj0fWwpJxFtK2Y4rSbCIpDj9OON77K/c6ECsni6FZNE+qGeBixgBGstOT2FeM+zdJZNTktDcoVy2zkOEML4jQ0seq25TjINq05KrBEa1B+7/sxSUMaKcKxlD3bSpSbYaEY4XRW6qeSJpiM8ZD2NI1wSKWbzY+eoROt+CiIha5Iobn6fSLDoZTT0NOdIVYj+dvLxb+8XqqCCzdjUZIqGpHFoiDlSMUoTwD5TFCi+FQTTATTtyIywgITpXPKQ/j6FP1P7mqm7Zi1m3qlebmMowhHcAxVsOEcmnANLWgDgXt4gCd4NibGo/FivC5aC8Zy5hB+wHj7BLlVkhQ=</latexit>
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O(h)
<latexit sha1_base64="AZl+NVMGaLm1OYl2wqnvpfvntOk=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5A0Re2u6MadFewD2lAm00kzdGYSZiZCCf0FNy4UcesPufNvnLQVVPTAhcM593LvPUHCqNKO82EVVlbX1jeKm6Wt7Z3dvfL+QUfFqcSkjWMWy16AFGFUkLammpFeIgniASPdYHKV+917IhWNxZ2eJsTnaCxoSDHSuXRTjU6H5YpjN3KcwQXxGoY4ddfxPOjazhwVsERrWH4fjGKcciI0Zkipvusk2s+Q1BQzMisNUkUShCdoTPqGCsSJ8rP5rTN4YpQRDGNpSmg4V79PZIgrNeWB6eRIR+q3l4t/ef1Uhxd+RkWSaiLwYlGYMqhjmD8OR1QSrNnUEIQlNbdCHCGJsDbxlEwIX5/C/0mnZrueXbutV5qXyziK4AgcgypwwTlogmvQAm2AQQQewBN4trj1aL1Yr4vWgrWcOQQ/YL19AtLijhw=</latexit>

O(h2)
<latexit sha1_base64="vVQwsnG/KrYQ9zTz6Ncmq/8bAR8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzTDTKWp3RTfurGAf0I4lk2ba2EwyJBmhDP0HNy4Ucev/uPNvzLQVVPTAhcM593LvPUHMqNKO82HllpZXVtfy64WNza3tneLuXkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF9kfvueSEUFv9GTmPgRGnIaUoy0kVpX5dFt5bhfLDl2LcMJnBOvZohTdR3Pg67tzFACCzT6xffeQOAkIlxjhpTquk6s/RRJTTEj00IvUSRGeIyGpGsoRxFRfjq7dgqPjDKAoZCmuIYz9ftEiiKlJlFgOiOkR+q3l4l/ed1Eh2d+SnmcaMLxfFGYMKgFzF6HAyoJ1mxiCMKSmlshHiGJsDYBFUwIX5/C/0mrYrueXbmulurnizjy4AAcgjJwwSmog0vQAE2AwR14AE/g2RLWo/Vivc5bc9ZiZh/8gPX2CfmzjsA=</latexit>

O(h3)
<latexit sha1_base64="P8trTIzOtqoVyS8Sl4lh79FaalA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzTDTKWp3RTfurGAf0I4lk2ba2EwyJBmhDP0HNy4Ucev/uPNvzLQVVPTAhcM593LvPUHMqNKO82HllpZXVtfy64WNza3tneLuXkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF9kfvueSEUFv9GTmPgRGnIaUoy0kVpX5dGtd9wvlhy7luEEzolXM8Spuo7nQdd2ZiiBBRr94ntvIHASEa4xQ0p1XSfWfoqkppiRaaGXKBIjPEZD0jWUo4goP51dO4VHRhnAUEhTXMOZ+n0iRZFSkygwnRHSI/Xby8S/vG6iwzM/pTxONOF4vihMGNQCZq/DAZUEazYxBGFJza0Qj5BEWJuACiaEr0/h/6RVsV3PrlxXS/XzRRx5cAAOQRm44BTUwSVogCbA4A48gCfwbAnr0XqxXuetOWsxsw9+wHr7BPs4jsE=</latexit>

O(h)
<latexit sha1_base64="AZl+NVMGaLm1OYl2wqnvpfvntOk=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5A0Re2u6MadFewD2lAm00kzdGYSZiZCCf0FNy4UcesPufNvnLQVVPTAhcM593LvPUHCqNKO82EVVlbX1jeKm6Wt7Z3dvfL+QUfFqcSkjWMWy16AFGFUkLammpFeIgniASPdYHKV+917IhWNxZ2eJsTnaCxoSDHSuXRTjU6H5YpjN3KcwQXxGoY4ddfxPOjazhwVsERrWH4fjGKcciI0Zkipvusk2s+Q1BQzMisNUkUShCdoTPqGCsSJ8rP5rTN4YpQRDGNpSmg4V79PZIgrNeWB6eRIR+q3l4t/ef1Uhxd+RkWSaiLwYlGYMqhjmD8OR1QSrNnUEIQlNbdCHCGJsDbxlEwIX5/C/0mnZrueXbutV5qXyziK4AgcgypwwTlogmvQAm2AQQQewBN4trj1aL1Yr4vWgrWcOQQ/YL19AtLijhw=</latexit>

2005 O(h2)
<latexit sha1_base64="vVQwsnG/KrYQ9zTz6Ncmq/8bAR8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzTDTKWp3RTfurGAf0I4lk2ba2EwyJBmhDP0HNy4Ucev/uPNvzLQVVPTAhcM593LvPUHMqNKO82HllpZXVtfy64WNza3tneLuXkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF9kfvueSEUFv9GTmPgRGnIaUoy0kVpX5dFt5bhfLDl2LcMJnBOvZohTdR3Pg67tzFACCzT6xffeQOAkIlxjhpTquk6s/RRJTTEj00IvUSRGeIyGpGsoRxFRfjq7dgqPjDKAoZCmuIYz9ftEiiKlJlFgOiOkR+q3l4l/ed1Eh2d+SnmcaMLxfFGYMKgFzF6HAyoJ1mxiCMKSmlshHiGJsDYBFUwIX5/C/0mrYrueXbmulurnizjy4AAcgjJwwSmog0vQAE2AwR14AE/g2RLWo/Vivc5bc9ZiZh/8gPX2CfmzjsA=</latexit>

O(n2)
<latexit sha1_base64="QFMk/IGfe0GALepA5JbJndCi7Gw=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSLUS0iaovZW9OLNCvYD2lg22227dLMJuxuhhP4ILx4U8erv8ea/cdNWUNEHA4/3ZpiZF8ScKe04H9bS8srq2npuI7+5tb2zW9jbb6ookYQ2SMQj2Q6wopwJ2tBMc9qOJcVhwGkrGF9mfuueSsUicasnMfVDPBRswAjWRmpdl8Rd+STfKxQdu5rhFM2JVzXEqbiO5yHXdmYowgL1XuG9249IElKhCcdKdVwn1n6KpWaE02m+mygaYzLGQ9oxVOCQKj+dnTtFx0bpo0EkTQmNZur3iRSHSk3CwHSGWI/Uby8T//I6iR6c+ykTcaKpIPNFg4QjHaHsd9RnkhLNJ4ZgIpm5FZERlphok1AWwten6H/SLNuuZ5dvKsXaxSKOHBzCEZTAhTOowRXUoQEExvAAT/Bsxdaj9WK9zluXrMXMAfyA9fYJOKCO2g==</latexit>

Surazhsky et al. 
implementation of MMP’s 
`exact geodesic’ 1987 
(~2 decades!)

⇠ O(n)
<latexit sha1_base64="Oys5dpKuiC2I7I3hUBN5EyS8LPI=">AAAB8XicdVBNS8NAEJ34WetX1aOXxSLUS0iaovZW9OLNCvYD21A22027dLMJuxuhlP4LLx4U8eq/8ea/cdNWUNEHA4/3ZpiZFyScKe04H9bS8srq2npuI7+5tb2zW9jbb6o4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGF1mfuueSsVicavHCfUjPBAsZARrI911FYvQdUmc5HuFomNXM5yiOfGqhjgV1/E85NrODEVYoN4rvHf7MUkjKjThWKmO6yTan2CpGeF0mu+miiaYjPCAdgwVOKLKn8wunqJjo/RRGEtTQqOZ+n1igiOlxlFgOiOsh+q3l4l/eZ1Uh+f+hIkk1VSQ+aIw5UjHKHsf9ZmkRPOxIZhIZm5FZIglJtqElIXw9Sn6nzTLtuvZ5ZtKsXaxiCMHh3AEJXDhDGpwBXVoAAEBD/AEz5ayHq0X63XeumQtZg7gB6y3T4WBkC0=</latexit>

h
<latexit sha1_base64="knM8/6nnCJzx5hnKt3DPYh9cZvg=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0iaovZW9OKxBfsBbSib7aRd3WzC7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRvcXeV+9x6kYrG40dME/IiMBQsZJdpIrcmwXHHseo4zvCBe3RCn5jqeh13bmaOClmgOy++DUUzTCISmnCjVd51E+xmRmlEOs9IgVZAQekfG0DdUkAiUn80PneETo4xwGEtTQuO5+n0iI5FS0ygwnRHRE/Xby8W/vH6qwws/YyJJNQi6WBSmHOsY51/jEZNANZ8aQqhk5lZMJ0QSqk02JRPC16f4f9Kp2q5nV1u1SuNyGUcRHaFjdIpcdI4a6Bo1URtRBOgBPaFn69Z6tF6s10VrwVrOHKIfsN4+AW/8jV4=</latexit>

h
<latexit sha1_base64="knM8/6nnCJzx5hnKt3DPYh9cZvg=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0iaovZW9OKxBfsBbSib7aRd3WzC7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRvcXeV+9x6kYrG40dME/IiMBQsZJdpIrcmwXHHseo4zvCBe3RCn5jqeh13bmaOClmgOy++DUUzTCISmnCjVd51E+xmRmlEOs9IgVZAQekfG0DdUkAiUn80PneETo4xwGEtTQuO5+n0iI5FS0ygwnRHRE/Xby8W/vH6qwws/YyJJNQi6WBSmHOsY51/jEZNANZ8aQqhk5lZMJ0QSqk02JRPC16f4f9Kp2q5nV1u1SuNyGUcRHaFjdIpcdI4a6Bo1URtRBOgBPaFn69Z6tF6s10VrwVrOHKIfsN4+AW/8jV4=</latexit>



Results for Cartesian grids

Lichtenstein, Pai, K., SSVM 2019 - Best Student Paper Award



Inter-dataset generalization

Lichtenstein, Pai, K., SSVM 2019 - Best Student Paper Award



Order of accuracy
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Maxwell, Learning, invariance, and generalization in high-order neural networks. Applied optics, 1987
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Given a set of points                   and 

1st moments                            

2nd moments 

P ⇢ R3
<latexit sha1_base64="rFsAsQLXooPcbOgnQ+h0mowYfgE=">AAACAHicdVBNS8NAEN3Ur1q/oh48eFksgqeQNEXtrejFYxXbCk0sm+2mXbrZhN2NUEIu/hUvHhTx6s/w5r9x01ZQ0QcDj/dmmJkXJIxKZdsfRmlhcWl5pbxaWVvf2Nwyt3c6Mk4FJm0cs1jcBEgSRjlpK6oYuUkEQVHASDcYnxd+944ISWN+rSYJ8SM05DSkGCkt9c29lifTQBIFvQipURBkV/mtCyt9s2pbjQLHcEbchiZ23bFdFzqWPUUVzNHqm+/eIMZpRLjCDEnZc+xE+RkSimJG8oqXSpIgPEZD0tOUo4hIP5s+kMNDrQxgGAtdXMGp+n0iQ5GUkyjQncWV8rdXiH95vVSFp35GeZIqwvFsUZgyqGJYpAEHVBCs2EQThAXVt0I8QgJhpTMrQvj6FP5POjXLca3aZb3aPJvHUQb74AAcAQecgCa4AC3QBhjk4AE8gWfj3ng0XozXWWvJmM/sgh8w3j4BRQ6WNA==</latexit>

pi = (xi, yi, zi)
T 2 P

<latexit sha1_base64="fZGgWo0BNKeu73L6da8wqy4SDNs=">AAACA3icdVDLSsNAFJ3UV62vqjvdDBahgpSkKWoXQtGNywp9QRvDZDpth04mYWYi1lBw46+4caGIW3/CnX/jpK2gogcuHM65l3vv8UJGpTLNDyM1N7+wuJRezqysrq1vZDe3GjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0hueJ37wmQtKA19QoJI6P+pz2KEZKS252J3Tpaf7GpYcjXbcuPbiqwQ7lsJpxszmzUE5wBKfELmtilizTtqFVMCfIgRmqbva90w1w5BOuMENSti0zVE6MhKKYkXGmE0kSIjxEfdLWlCOfSCee/DCG+1rpwl4gdHEFJ+r3iRj5Uo58T3f6SA3kby8R//LakeqdODHlYaQIx9NFvYhBFcAkENilgmDFRpogLKi+FeIBEggrHVsSwten8H/SKBYsu1C8LOUqZ7M40mAX7IE8sMAxqIALUAV1gMEdeABP4Nm4Nx6NF+N12poyZjPb4AeMt08KwpaB</latexit>

p̄ = (x̄, ȳ, z̄)T =
1

n

nX

i=1

pi
<latexit sha1_base64="K+/s4XmHafQJurSV74RAoKb4WKo="></latexit>

1

n

nX

i=1

pip
T
i

<latexit sha1_base64="oEubrmeDx4j1wjpiBYVzJvD0Z7I=">AAACDXicdVDLSsNAFJ3UV62vqks3g1VwFZK2qF0IRTcuK/QFbRom00k7dDIJMxOhhPyAG3/FjQtF3Lp35984aSuo6IELh3Pu5d57vIhRqSzrw8gtLa+sruXXCxubW9s7xd29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yVXmd26JkDTkTTWNiBOgEac+xUhpyS0e9X2BcGKnCU/7Mg7chF7Y6YDDyKVZDZqwUHCLJcusZTiFc1KpaWJVbatSgbZpzVACCzTc4nt/GOI4IFxhhqTs2VaknAQJRTEjaaEfSxIhPEEj0tOUo4BIJ5l9k8JjrQyhHwpdXMGZ+n0iQYGU08DTnQFSY/nby8S/vF6s/HMnoTyKFeF4vsiPGVQhzKKBQyoIVmyqCcKC6lshHiMdj9IBZiF8fQr/J+2yaVfM8k21VL9cxJEHB+AQnAAbnIE6uAYN0AIY3IEH8ASejXvj0XgxXuetOWMxsw9+wHj7BLPKm00=</latexit>



Young. The algebra of invariants, 1903 
Hall. Three-dimensional moment invariants. PAMI, 1980
Maxwell, Learning, invariance, and generalization in high-order neural networks. Applied optics, 1987
Su, Mo, Guibas. Pointnet: Deep learning on point sets. CVPR’17
Joseph-Rivlin, Zvirin, K., GMDL workshop, ICCV’19

Moments

(x1, y1, z1)
<latexit sha1_base64="5aM1bgI23LrZRmiLi4hoW/rbpmk=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n20VjXvWcfFrxiyTJrGY7hjDg1TayqbTkOtE1rihKYo+ EV33v9CCch4QozJGXXtmLlpkgoihmZFHqJJDHCIzQgXU05Col00+nVE3iglT4MIqGLKzhVv0+kKJRyHPq6M0RqKH97mfiX101UcOqmlMeJIhzPFgUJgyqCWQSwTwXBio01QVhQfSvEQyQQVjqoLISvT+H/pFUxbcesXFZL9bN5HHmwB/ZBGdjgBNTBBWiAJsBAgAfwBJ6NW+PReDFeZ605Yz6zC37AePsEklORRg==</latexit>

(xi, yi, zi)
<latexit sha1_base64="peNzFK315dn8FpUbeF+6x6rb4gc=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n0aKzr3qOHBa9YssxahmM4I05NE6tqW44DbdOaogTmaH jF914/wklIuMIMSdm1rVi5KRKKYkYmhV4iSYzwCA1IV1OOQiLddHr1BB5opQ+DSOjiCk7V7xMpCqUch77uDJEayt9eJv7ldRMVnLop5XGiCMezRUHCoIpgFgHsU0GwYmNNEBZU3wrxEAmElQ4qC+HrU/g/aVVM2zErl9VS/WweRx7sgX1QBjY4AXVwARqgCTAQ4AE8gWfj1ng0XozXWWvOmM/sgh8w3j4BlPKR7g==</latexit>

(xn, yn, zn)
<latexit sha1_base64="5LFANDfHpuOKrKqEL6rm55udNuM=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n8aKzr3uOHBa9YssxahmM4I05NE6tqW44DbdOaogTmaH jF914/wklIuMIMSdm1rVi5KRKKYkYmhV4iSYzwCA1IV1OOQiLddHr1BB5opQ+DSOjiCk7V7xMpCqUch77uDJEayt9eJv7ldRMVnLop5XGiCMezRUHCoIpgFgHsU0GwYmNNEBZU3wrxEAmElQ4qC+HrU/g/aVVM2zErl9VS/WweRx7sgX1QBjY4AXVwARqgCTAQ4AE8gWfj1ng0XozXWWvOmM/sgh8w3j4BrAiR/Q==</latexit>

lift v1 2 R1024
<latexit sha1_base64="9/IXZbJmP4WeAbx9YbfnopIiQCY=">AAACA3icdVDLSgMxFM34rPU16k43wSK4KplOUbsrunFZxT6gU0smzbShmcyQZAplKLjxV9y4UMStP+HOvzHTVlDRAxcO59zLvff4MWdKI/RhLSwuLa+s5tby6xubW9v2zm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wIvObIyoVi8SNHse0E+K+YAEjWBupa++Pug70mIBeiPXA99PryW3qoFJ5ku/aBVSsZDiBM+JWDEFlB7kudIpoigKYo9a1371eRJKQCk04VqrtoFh3Uiw1I5xO8l6iaIzJEPdp21CBQ6o66fSHCTwySg8GkTQlNJyq3ydSHCo1Dn3TmV2qfnuZ+JfXTnRw1kmZiBNNBZktChIOdQSzQGCPSUo0HxuCiWTmVkgGWGKiTWxZCF+fwv9Jo1R03GLpqlyons/jyIEDcAiOgQNOQRVcghqoAwLuwAN4As/WvfVovVivs9YFaz6zB37AevsEitWW1Q==</latexit>

vi 2 R1024
<latexit sha1_base64="uNhFhzwPfgMJAcpDIFBP1ETZWeA=">AAACA3icdVDLSsNAFJ34rPVVdaebwSK4Cklb1O6KblxWsQ9oYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nv8mFGpLOvDWFhcWl5ZLawV1zc2t7ZLO7ttGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fiji9zvjImQNOI3ahITN0QDTgOKkdKSV9ofexQ6lEMnRGro++l1dpvaVqWWFb1S2TLrOU7gjFTrmlg126pWoW1aU5TBHE2v9O70I5yEhCvMkJQ924qVmyKhKGYkKzqJJDHCIzQgPU05Col00+kPGTzSSh8GkdDFFZyq3ydSFEo5CX3dmV8qf3u5+JfXS1Rw5qaUx4kiHM8WBQmDKoJ5ILBPBcGKTTRBWFB9K8RDJBBWOrY8hK9P4f+kXTHtqlm5qpUb5/M4CuAAHIJjYINT0ACXoAlaAIM78ACewLNxbzwaL8brrHXBmM/sgR8w3j4B5L2XDQ==</latexit>

vn 2 R1024
<latexit sha1_base64="LMu+r5t9poNGMlUEPCsHqarGlWc=">AAACA3icdVDLSsNAFJ34rPUVdaebwSK4CklT1O6KblxWsQ9oY5hMJ+3QySTMTAolFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuChFGpbPvDWFhcWl5ZLawV1zc2t7bNnd2mjFOBSQPHLBbtAEnCKCcNRRUj7UQQFAWMtILhRe63RkRIGvMbNU6IF6E+pyHFSGnJN/dHPoddqitCahAE2fXkNnPscmVS9M2SbVVznMAZcaua2BXHdl3oWPYUJTBH3Tffu70YpxHhCjMkZcexE+VlSCiKGZkUu6kkCcJD1CcdTTmKiPSy6Q8TeKSVHgxjoYsrOFW/T2QoknIcBbozv1T+9nLxL6+TqvDMyyhPUkU4ni0KUwZVDPNAYI8KghUba4KwoPpWiAdIIKx0bHkIX5/C/0mzbDmuVb6qlGrn8zgK4AAcgmPggFNQA5egDhoAgzvwAJ7As3FvPBovxuusdcGYz+yBHzDePgHsxJcS</latexit>

lift

lift
average

…

…

…
…

x, y, z, x2, y2, z2, xy, xz, yz, x3, . . .
<latexit sha1_base64="KgGSFinKQYoKtMNOoUyZSBycVSE="></latexit>

v 2 R1024
<latexit sha1_base64="T0zci/G37xavjaGf9beG0LBR9OA=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5I0Re2u6MZlFfuAJpbJdNIOnUzCzKRQYhb+ihsXirj1N9z5N07aCip6YOBwzr3cM8ePGZXKsj6MhcWl5ZXVwlpxfWNza9vc2W3JKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x9d5H57TISkEb9Rk5h4IRpwGlCMlJZ65v7YpRy6IVJD30+vs9vUtirVrGeWrHItxwmcEaemiVW1LceBdtmaogTmaPTMd7cf4SQkXGGGpOzaVqy8FAlFMSNZ0U0kiREeoQHpaspRSKSXTvNn8EgrfRhEQj+u4FT9vpGiUMpJ6OvJPKj87eXiX143UcGZl1IeJ4pwPDsUJAyqCOZlwD4VBCs20QRhQXVWiIdIIKx0ZUVdwtdP4f+kVSnbTrlyVS3Vz+d1FMABOATHwAanoA4uQQM0AQZ34AE8gWfj3ng0XozX2eiCMd/ZAz9gvH0CwqSV8w==</latexit>

1

n

X
<latexit sha1_base64="oZPLUms9LhPTL6ahyJs8C0Ipfnc=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK2qN0V3bisYB/QhDKZTtqhM5MwMxFqyJe4caGIWz/FnX/jpK2gogcuHM65l3vvCRNGlXbdD2tldW19Y7O0Vd7e2d2r2PsHXRWnEpMOjlks+yFShFFBOppqRvqJJIiHjPTC6VXh9+6IVDQWt3qWkICjsaARxUgbaWhX/EginHl5JnJfpXxoV12nWeAMLki9aYjb8Nx6HXqOO0cVLNEe2u/+KMYpJ0JjhpQaeG6igwxJTTEjedlPFUkQnqIxGRgqECcqyOaH5/DEKCMYxdKU0HCufp/IEFdqxkPTyZGeqN9eIf7lDVIdXQQZFUmqicCLRVHKoI5hkQIcUUmwZjNDEJbU3ArxBJkktMmqbEL4+hT+T7o1x6s7tZtGtXW5jKMEjsAxOAUeOActcA3aoAMwSMEDeALP1r31aL1Yr4vWFWs5cwh+wHr7BOcMk+s=</latexit>



PointNet

Su, Mo, Guibas. CVPR’17

(x1, y1, z1)
<latexit sha1_base64="5aM1bgI23LrZRmiLi4hoW/rbpmk=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n20VjXvWcfFrxiyTJrGY7hjDg1TayqbTkOtE1rihKYo+ EV33v9CCch4QozJGXXtmLlpkgoihmZFHqJJDHCIzQgXU05Col00+nVE3iglT4MIqGLKzhVv0+kKJRyHPq6M0RqKH97mfiX101UcOqmlMeJIhzPFgUJgyqCWQSwTwXBio01QVhQfSvEQyQQVjqoLISvT+H/pFUxbcesXFZL9bN5HHmwB/ZBGdjgBNTBBWiAJsBAgAfwBJ6NW+PReDFeZ605Yz6zC37AePsEklORRg==</latexit>

(xi, yi, zi)
<latexit sha1_base64="peNzFK315dn8FpUbeF+6x6rb4gc=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n0aKzr3qOHBa9YssxahmM4I05NE6tqW44DbdOaogTmaH jF914/wklIuMIMSdm1rVi5KRKKYkYmhV4iSYzwCA1IV1OOQiLddHr1BB5opQ+DSOjiCk7V7xMpCqUch77uDJEayt9eJv7ldRMVnLop5XGiCMezRUHCoIpgFgHsU0GwYmNNEBZU3wrxEAmElQ4qC+HrU/g/aVVM2zErl9VS/WweRx7sgX1QBjY4AXVwARqgCTAQ4AE8gWfj1ng0XozXWWvOmM/sgh8w3j4BlPKR7g==</latexit>

(xn, yn, zn)
<latexit sha1_base64="5LFANDfHpuOKrKqEL6rm55udNuM=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n8aKzr3uOHBa9YssxahmM4I05NE6tqW44DbdOaogTmaH jF914/wklIuMIMSdm1rVi5KRKKYkYmhV4iSYzwCA1IV1OOQiLddHr1BB5opQ+DSOjiCk7V7xMpCqUch77uDJEayt9eJv7ldRMVnLop5XGiCMezRUHCoIpgFgHsU0GwYmNNEBZU3wrxEAmElQ4qC+HrU/g/aVVM2zErl9VS/WweRx7sgX1QBjY4AXVwARqgCTAQ4AE8gWfj1ng0XozXWWvOmM/sgh8w3j4BrAiR/Q==</latexit>

NN v1 2 R1024
<latexit sha1_base64="9/IXZbJmP4WeAbx9YbfnopIiQCY=">AAACA3icdVDLSgMxFM34rPU16k43wSK4KplOUbsrunFZxT6gU0smzbShmcyQZAplKLjxV9y4UMStP+HOvzHTVlDRAxcO59zLvff4MWdKI/RhLSwuLa+s5tby6xubW9v2zm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wIvObIyoVi8SNHse0E+K+YAEjWBupa++Pug70mIBeiPXA99PryW3qoFJ5ku/aBVSsZDiBM+JWDEFlB7kudIpoigKYo9a1371eRJKQCk04VqrtoFh3Uiw1I5xO8l6iaIzJEPdp21CBQ6o66fSHCTwySg8GkTQlNJyq3ydSHCo1Dn3TmV2qfnuZ+JfXTnRw1kmZiBNNBZktChIOdQSzQGCPSUo0HxuCiWTmVkgGWGKiTWxZCF+fwv9Jo1R03GLpqlyons/jyIEDcAiOgQNOQRVcghqoAwLuwAN4As/WvfVovVivs9YFaz6zB37AevsEitWW1Q==</latexit>

vi 2 R1024
<latexit sha1_base64="uNhFhzwPfgMJAcpDIFBP1ETZWeA=">AAACA3icdVDLSsNAFJ34rPVVdaebwSK4Cklb1O6KblxWsQ9oYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nv8mFGpLOvDWFhcWl5ZLawV1zc2t7ZLO7ttGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fiji9zvjImQNOI3ahITN0QDTgOKkdKSV9ofexQ6lEMnRGro++l1dpvaVqWWFb1S2TLrOU7gjFTrmlg126pWoW1aU5TBHE2v9O70I5yEhCvMkJQ924qVmyKhKGYkKzqJJDHCIzQgPU05Col00+kPGTzSSh8GkdDFFZyq3ydSFEo5CX3dmV8qf3u5+JfXS1Rw5qaUx4kiHM8WBQmDKoJ5ILBPBcGKTTRBWFB9K8RDJBBWOrY8hK9P4f+kXTHtqlm5qpUb5/M4CuAAHIJjYINT0ACXoAlaAIM78ACewLNxbzwaL8brrHXBmM/sgR8w3j4B5L2XDQ==</latexit>

vn 2 R1024
<latexit sha1_base64="LMu+r5t9poNGMlUEPCsHqarGlWc=">AAACA3icdVDLSsNAFJ34rPUVdaebwSK4CklT1O6KblxWsQ9oY5hMJ+3QySTMTAolFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuChFGpbPvDWFhcWl5ZLawV1zc2t7bNnd2mjFOBSQPHLBbtAEnCKCcNRRUj7UQQFAWMtILhRe63RkRIGvMbNU6IF6E+pyHFSGnJN/dHPoddqitCahAE2fXkNnPscmVS9M2SbVVznMAZcaua2BXHdl3oWPYUJTBH3Tffu70YpxHhCjMkZcexE+VlSCiKGZkUu6kkCcJD1CcdTTmKiPSy6Q8TeKSVHgxjoYsrOFW/T2QoknIcBbozv1T+9nLxL6+TqvDMyyhPUkU4ni0KUwZVDPNAYI8KghUba4KwoPpWiAdIIKx0bHkIX5/C/0mzbDmuVb6qlGrn8zgK4AAcgmPggFNQA5egDhoAgzvwAJ7As3FvPBovxuusdcGYz+yBHzDePgHsxJcS</latexit>

NN

NN
Max-Pool

…

…

…
…



Momenet

Joseph-Rivlin, Zvirin, K., Flavor the moments, GMDL workshop, ICCV’19

(x1, y1, z1)
<latexit sha1_base64="5aM1bgI23LrZRmiLi4hoW/rbpmk=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n20VjXvWcfFrxiyTJrGY7hjDg1TayqbTkOtE1rihKYo+ EV33v9CCch4QozJGXXtmLlpkgoihmZFHqJJDHCIzQgXU05Col00+nVE3iglT4MIqGLKzhVv0+kKJRyHPq6M0RqKH97mfiX101UcOqmlMeJIhzPFgUJgyqCWQSwTwXBio01QVhQfSvEQyQQVjqoLISvT+H/pFUxbcesXFZL9bN5HHmwB/ZBGdjgBNTBBWiAJsBAgAfwBJ6NW+PReDFeZ605Yz6zC37AePsEklORRg==</latexit>

(xi, yi, zi)
<latexit sha1_base64="peNzFK315dn8FpUbeF+6x6rb4gc=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n0aKzr3qOHBa9YssxahmM4I05NE6tqW44DbdOaogTmaH jF914/wklIuMIMSdm1rVi5KRKKYkYmhV4iSYzwCA1IV1OOQiLddHr1BB5opQ+DSOjiCk7V7xMpCqUch77uDJEayt9eJv7ldRMVnLop5XGiCMezRUHCoIpgFgHsU0GwYmNNEBZU3wrxEAmElQ4qC+HrU/g/aVVM2zErl9VS/WweRx7sgX1QBjY4AXVwARqgCTAQ4AE8gWfj1ng0XozXWWvOmM/sgh8w3j4BlPKR7g==</latexit>

(xn, yn, zn)
<latexit sha1_base64="5LFANDfHpuOKrKqEL6rm55udNuM=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFpitpd0Y3LCvYBbQyT6aQdOpmEmYlaQ//DjQtF3Pov7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5hcWl5ZX8amFtfWNzq7i905JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP/PYNEZJG/EqNY+KGaMBpQDFSWrou33n8aKzr3uOHBa9YssxahmM4I05NE6tqW44DbdOaogTmaH jF914/wklIuMIMSdm1rVi5KRKKYkYmhV4iSYzwCA1IV1OOQiLddHr1BB5opQ+DSOjiCk7V7xMpCqUch77uDJEayt9eJv7ldRMVnLop5XGiCMezRUHCoIpgFgHsU0GwYmNNEBZU3wrxEAmElQ4qC+HrU/g/aVVM2zErl9VS/WweRx7sgX1QBjY4AXVwARqgCTAQ4AE8gWfj1ng0XozXWWvOmM/sgh8w3j4BrAiR/Q==</latexit>

NN v1 2 R1024
<latexit sha1_base64="9/IXZbJmP4WeAbx9YbfnopIiQCY=">AAACA3icdVDLSgMxFM34rPU16k43wSK4KplOUbsrunFZxT6gU0smzbShmcyQZAplKLjxV9y4UMStP+HOvzHTVlDRAxcO59zLvff4MWdKI/RhLSwuLa+s5tby6xubW9v2zm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wIvObIyoVi8SNHse0E+K+YAEjWBupa++Pug70mIBeiPXA99PryW3qoFJ5ku/aBVSsZDiBM+JWDEFlB7kudIpoigKYo9a1371eRJKQCk04VqrtoFh3Uiw1I5xO8l6iaIzJEPdp21CBQ6o66fSHCTwySg8GkTQlNJyq3ydSHCo1Dn3TmV2qfnuZ+JfXTnRw1kmZiBNNBZktChIOdQSzQGCPSUo0HxuCiWTmVkgGWGKiTWxZCF+fwv9Jo1R03GLpqlyons/jyIEDcAiOgQNOQRVcghqoAwLuwAN4As/WvfVovVivs9YFaz6zB37AevsEitWW1Q==</latexit>

vi 2 R1024
<latexit sha1_base64="uNhFhzwPfgMJAcpDIFBP1ETZWeA=">AAACA3icdVDLSsNAFJ34rPVVdaebwSK4Cklb1O6KblxWsQ9oYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nv8mFGpLOvDWFhcWl5ZLawV1zc2t7ZLO7ttGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fiji9zvjImQNOI3ahITN0QDTgOKkdKSV9ofexQ6lEMnRGro++l1dpvaVqWWFb1S2TLrOU7gjFTrmlg126pWoW1aU5TBHE2v9O70I5yEhCvMkJQ924qVmyKhKGYkKzqJJDHCIzQgPU05Col00+kPGTzSSh8GkdDFFZyq3ydSFEo5CX3dmV8qf3u5+JfXS1Rw5qaUx4kiHM8WBQmDKoJ5ILBPBcGKTTRBWFB9K8RDJBBWOrY8hK9P4f+kXTHtqlm5qpUb5/M4CuAAHIJjYINT0ACXoAlaAIM78ACewLNxbzwaL8brrHXBmM/sgR8w3j4B5L2XDQ==</latexit>

vn 2 R1024
<latexit sha1_base64="LMu+r5t9poNGMlUEPCsHqarGlWc=">AAACA3icdVDLSsNAFJ34rPUVdaebwSK4CklT1O6KblxWsQ9oY5hMJ+3QySTMTAolFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuChFGpbPvDWFhcWl5ZLawV1zc2t7bNnd2mjFOBSQPHLBbtAEnCKCcNRRUj7UQQFAWMtILhRe63RkRIGvMbNU6IF6E+pyHFSGnJN/dHPoddqitCahAE2fXkNnPscmVS9M2SbVVznMAZcaua2BXHdl3oWPYUJTBH3Tffu70YpxHhCjMkZcexE+VlSCiKGZkUu6kkCcJD1CcdTTmKiPSy6Q8TeKSVHgxjoYsrOFW/T2QoknIcBbozv1T+9nLxL6+TqvDMyyhPUkU4ni0KUwZVDPNAYI8KghUba4KwoPpWiAdIIKx0bHkIX5/C/0mzbDmuVb6qlGrn8zgK4AAcgmPggFNQA5egDhoAgzvwAJ7As3FvPBovxuusdcGYz+yBHzDePgHsxJcS</latexit>

NN

NN
Max-Pool

…

…

…
…

(x1, y1, z1, x
2
1, y

2
1 , z

2
1 , x1y1, x1z1, y1z1)

<latexit sha1_base64="8VBqliajVWrF5PuYCb3rHbbqzS4=">AAACInicdVDLSgMxFM3UV62vqks3wSJUkGGmU9Tuim5cVrAPaOuQSTNtaOZBkhHbod/ixl9x40JRV4IfY9JWUNED9+bknHtJ7vViRoW0rHcjs7C4tLySXc2trW9sbuW3dxoiSjgmdRyxiLc8JAijIalLKhlpxZygwGOk6Q3Ptd+8IVzQKLySo5h0A9QPqU8xkkpy85XirWsfjVSMVSh+XdI3lcfTrBSoXajJeFaqz8Ocmy9YZk XjGM6IU1HEKtuW40DbtKYogDlqbv6104twEpBQYoaEaNtWLLsp4pJiRia5TiJIjPAQ9Ulb0RAFRHTT6YgTeKCUHvQjriKUcKp+70hRIMQo8FRlgORA/Pa0+JfXTqR/2k1pGCeShHj2kJ8wKCOo9wV7lBMs2UgRhDlVf4V4gDjCUm1VL+FrUvg/aZRM2zFLl+VC9Wy+jizYA/ugCGxwAqrgAtRAHWBwBx7AE3g27o1H48V4m5VmjHnPLvgB4+MTCsSfrg==</latexit>

(xn, yn, zn, x
2
n, y

2
n, z

2
n, xnyn, xnzn, ynzn)

<latexit sha1_base64="GW6bmXHpCALlxKEmHHnGz+LqlZc=">AAACInicdVDLSgMxFM3UV62vqks3wSJUkDLTKWp3RTcuK9gHtGPJpGkbmskMSUacln6LG3/FjQtFXQl+jElbQUUP3JuTc+4ludePGJXKtt+t1MLi0vJKejWztr6xuZXd3qnLMBaY1HDIQtH0kSSMclJTVDHSjARBgc9Iwx+eG79xQ4SkIb9SSUS8APU57VGMlJY62XL+tsOPEh0jHZpfF81N59E0awUaFxoympWa8zDTyebsQt ngGM6IW9bELjm260KnYE+RA3NUO9nXdjfEcUC4wgxJ2XLsSHljJBTFjEwy7ViSCOEh6pOWphwFRHrj6YgTeKCVLuyFQgdXcKp+7xijQMok8HVlgNRA/vaM+JfXilXv1BtTHsWKcDx7qBczqEJo9gW7VBCsWKIJwoLqv0I8QAJhpbdqlvA1Kfyf1IsFxy0UL0u5ytl8HWmwB/ZBHjjgBFTABaiCGsDgDjyAJ/Bs3VuP1ov1NitNWfOeXfAD1scnrh6iig==</latexit>

(xi, yi, zi, x
2
i , y

2
i , z

2
i , xiyi, xizi, yizi)

<latexit sha1_base64="9uak1uqs8zMHKw7qw1TIiUaCx/Y=">AAACInicdVDLSgMxFM3UV62vqks3wSJUkGGmU9Tuim5cVrAPaOuQSTNtaOZBkhHbod/ixl9x40JRV4IfY9JWUNED9+bknHtJ7vViRoW0rHcjs7C4tLySXc2trW9sbuW3dxoiSjgmdRyxiLc8JAijIalLKhlpxZygwGOk6Q3Ptd+8IVzQKLySo5h0A9QPqU8xkkpy85XirUuPRirGKhS/LumbyuNpVgrULtRkPCvV52HOzRcss6 JxDGfEqShilW3LcaBtWlMUwBw1N//a6UU4CUgoMUNCtG0rlt0UcUkxI5NcJxEkRniI+qStaIgCIrrpdMQJPFBKD/oRVxFKOFW/d6QoEGIUeKoyQHIgfnta/MtrJ9I/7aY0jBNJQjx7yE8YlBHU+4I9ygmWbKQIwpyqv0I8QBxhqbaql/A1KfyfNEqm7Zily3KhejZfRxbsgX1QBDY4AVVwAWqgDjC4Aw/gCTwb98aj8WK8zUozxrxnF/yA8fEJTNCiTg==</latexit>



Results on ModelNet40
Memory

(MB)
Inference 

Time
(msec)

Overall
Accuracy (%)

PointNet 40 5.6 89.2
PointNet(baseline) 20 5.1 87.9

Momenet 20 5.1 89.6

PointNet++ 12 10.4 90.7
DGCNN 21 17.3 92.2
PCNN 17 54.1 92.3

Momenet (+kNN) 21 9.6 92.4

Wu, et al.. 3D shapenets. CVPR2015. 
Wang et al. . Dynamic graph CNN. Arxiv 2018. 
Atzmon, Maron, & Lipman. Point convolutional NN. ACM T Graph. 2018
Joseph-Rivlin, Zvirin, K., Flavor the moments, GMDL workshop, ICCV’19



mlp(64,128,1024)
max
pool

n  1024X

shared
P

partial 
shape

linear 
layer part✓

<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

(P)

shared weights
1024

10
2

4

Relun  6X

mlp(64,128,1024)
max
pool

n  1024X

shared
Q

whole 
shape

linear 
layer whole✓

<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

(Q)

1024

10
2

4

Relun  6X

✓
<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

1024

1024

Siamese Encoder

n  6X

Q
whole 
shape

mlp(2054,1024,512,256,128,128,128,128,3)

shared
tanh n  3X

whole
✓

<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

(Q)
part
✓

<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

(P)
F(Q)✓

<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

Decoder
✓

<latexit sha1_base64="2mgRfs5XAatwWHYDGMh21O6hMfA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZnqFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gkhwA6776RSWlldW14rrpY3Nre2d8u5ey6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4m16nffmDacCXvYBoxPyQjyYecErBSqwdjBqRfrrhVNwNeJF5OKihHo1/+6A0UjUMmgQpiTNdzI/ATooFTwWalXmxYROiEjFjXUklCZvwku3aGj6wywEOlbUnAmfpzIiGhMdMwsJ0hgbH566Xif143huGFn3AZxcAknS8axgKDwunreMA1oyCmlhCqub0V0zHRhIINqJSFcJni7PvlRdI6qXqn1dptrVK/yuMoogN0iI6Rh85RHd2gBmoiiu7RI3pGL45ynpxX523eWnDymX30C877F70Rj2A=</latexit>

(P,Q)
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Manifold vs. Riemannian Manifold

M
<latexit sha1_base64="ZU9UQuhsGXsBa5dlVCtiXYGdIn0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCCykTW9Tuim7cCBXsBaZDyaSZNjRzIckIZZjncOOruHGhiDtx49uYmc5CW38IfPznnOTkdyPOpLKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTq6zeveBCsnC4F5NI+r4eBQwjxGstDUwUdLPL7HFyHUSq9rIdH46g1pDg1VHVq2W6j7M4W2aDsyKNnPBRUAFVECh1sD87A9DEvs0UIRjKW1kRcpJsFCMcJqW+7GkESYTPKK2xgD7VDpJvlUKj7UzhF4o9AkUzN3fEwn2pZz6ru70sRrL+Vpm/lezY+VdOgkLoljRgMwe8mIOVQiznOCQCUoUn2rARDC9KyRjLDBROs2yDgHNf3kROmdVZFXRXb3SvCriKIFDcAROAAIXoAluQAu0AQGP4Bm8gjfjyXgx3o2PWeuSUcwcgD8yvn4AHgWdJA==</latexit><latexit sha1_base64="ZU9UQuhsGXsBa5dlVCtiXYGdIn0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCCykTW9Tuim7cCBXsBaZDyaSZNjRzIckIZZjncOOruHGhiDtx49uYmc5CW38IfPznnOTkdyPOpLKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTq6zeveBCsnC4F5NI+r4eBQwjxGstDUwUdLPL7HFyHUSq9rIdH46g1pDg1VHVq2W6j7M4W2aDsyKNnPBRUAFVECh1sD87A9DEvs0UIRjKW1kRcpJsFCMcJqW+7GkESYTPKK2xgD7VDpJvlUKj7UzhF4o9AkUzN3fEwn2pZz6ru70sRrL+Vpm/lezY+VdOgkLoljRgMwe8mIOVQiznOCQCUoUn2rARDC9KyRjLDBROs2yDgHNf3kROmdVZFXRXb3SvCriKIFDcAROAAIXoAluQAu0AQGP4Bm8gjfjyXgx3o2PWeuSUcwcgD8yvn4AHgWdJA==</latexit><latexit sha1_base64="ZU9UQuhsGXsBa5dlVCtiXYGdIn0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCCykTW9Tuim7cCBXsBaZDyaSZNjRzIckIZZjncOOruHGhiDtx49uYmc5CW38IfPznnOTkdyPOpLKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTq6zeveBCsnC4F5NI+r4eBQwjxGstDUwUdLPL7HFyHUSq9rIdH46g1pDg1VHVq2W6j7M4W2aDsyKNnPBRUAFVECh1sD87A9DEvs0UIRjKW1kRcpJsFCMcJqW+7GkESYTPKK2xgD7VDpJvlUKj7UzhF4o9AkUzN3fEwn2pZz6ru70sRrL+Vpm/lezY+VdOgkLoljRgMwe8mIOVQiznOCQCUoUn2rARDC9KyRjLDBROs2yDgHNf3kROmdVZFXRXb3SvCriKIFDcAROAAIXoAluQAu0AQGP4Bm8gjfjyXgx3o2PWeuSUcwcgD8yvn4AHgWdJA==</latexit><latexit sha1_base64="ZU9UQuhsGXsBa5dlVCtiXYGdIn0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCCykTW9Tuim7cCBXsBaZDyaSZNjRzIckIZZjncOOruHGhiDtx49uYmc5CW38IfPznnOTkdyPOpLKsb2NpeWV1bb20Ud7c2t7ZNff2OzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTq6zeveBCsnC4F5NI+r4eBQwjxGstDUwUdLPL7HFyHUSq9rIdH46g1pDg1VHVq2W6j7M4W2aDsyKNnPBRUAFVECh1sD87A9DEvs0UIRjKW1kRcpJsFCMcJqW+7GkESYTPKK2xgD7VDpJvlUKj7UzhF4o9AkUzN3fEwn2pZz6ru70sRrL+Vpm/lezY+VdOgkLoljRgMwe8mIOVQiznOCQCUoUn2rARDC9KyRjLDBROs2yDgHNf3kROmdVZFXRXb3SvCriKIFDcAROAAIXoAluQAu0AQGP4Bm8gjfjyXgx3o2PWeuSUcwcgD8yvn4AHgWdJA==</latexit>

{M, g}
<latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit><latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit><latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit><latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit>

⇠<latexit sha1_base64="fX805kGm7yZQMYP+Pk7ScyBF7AA=">AAACFnicbZBNS8MwGMdTX+d8q3r0UhyCBx2tG+puQy8eJ7gXaMtIs3QLS9KSpMIo+xRe/CpePCjiVbz5bUy7HnTzD4Ef/+d5kif/IKZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I6NEINxGEY1EL4ASU8JxWxFFcS8WGLKA4m4wvsnq3QcsJIn4vZrE2GdwyElIEFTa6ptnqZdf4oph4Kd2tZHp4nQGtYYGu+7YtdrUk4RN+2ZFG7msRXAKqIBCrb755Q0ilDDMFaJQStexY+WnUCiCKJ6WvUTiGKIxHGJXI4cMSz/NN5pax9oZWGEk9OHKyt3fEylkUk5YoDsZVCM5X8vM/2puosIrPyU8ThTmaPZQmFBLRVaWkTUgAiNFJxogEkTvaqERFBApnWRZh+DMf3kROudVx646d/VK87qIowQOwRE4AQ64BE1wC1qgDRB4BM/gFbwZT8aL8W58zFqXjGLmAPyR8fkDWvqbsA==</latexit><latexit sha1_base64="fX805kGm7yZQMYP+Pk7ScyBF7AA=">AAACFnicbZBNS8MwGMdTX+d8q3r0UhyCBx2tG+puQy8eJ7gXaMtIs3QLS9KSpMIo+xRe/CpePCjiVbz5bUy7HnTzD4Ef/+d5kif/IKZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I6NEINxGEY1EL4ASU8JxWxFFcS8WGLKA4m4wvsnq3QcsJIn4vZrE2GdwyElIEFTa6ptnqZdf4oph4Kd2tZHp4nQGtYYGu+7YtdrUk4RN+2ZFG7msRXAKqIBCrb755Q0ilDDMFaJQStexY+WnUCiCKJ6WvUTiGKIxHGJXI4cMSz/NN5pax9oZWGEk9OHKyt3fEylkUk5YoDsZVCM5X8vM/2puosIrPyU8ThTmaPZQmFBLRVaWkTUgAiNFJxogEkTvaqERFBApnWRZh+DMf3kROudVx646d/VK87qIowQOwRE4AQ64BE1wC1qgDRB4BM/gFbwZT8aL8W58zFqXjGLmAPyR8fkDWvqbsA==</latexit><latexit sha1_base64="fX805kGm7yZQMYP+Pk7ScyBF7AA=">AAACFnicbZBNS8MwGMdTX+d8q3r0UhyCBx2tG+puQy8eJ7gXaMtIs3QLS9KSpMIo+xRe/CpePCjiVbz5bUy7HnTzD4Ef/+d5kif/IKZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I6NEINxGEY1EL4ASU8JxWxFFcS8WGLKA4m4wvsnq3QcsJIn4vZrE2GdwyElIEFTa6ptnqZdf4oph4Kd2tZHp4nQGtYYGu+7YtdrUk4RN+2ZFG7msRXAKqIBCrb755Q0ilDDMFaJQStexY+WnUCiCKJ6WvUTiGKIxHGJXI4cMSz/NN5pax9oZWGEk9OHKyt3fEylkUk5YoDsZVCM5X8vM/2puosIrPyU8ThTmaPZQmFBLRVaWkTUgAiNFJxogEkTvaqERFBApnWRZh+DMf3kROudVx646d/VK87qIowQOwRE4AQ64BE1wC1qgDRB4BM/gFbwZT8aL8W58zFqXjGLmAPyR8fkDWvqbsA==</latexit><latexit sha1_base64="fX805kGm7yZQMYP+Pk7ScyBF7AA=">AAACFnicbZBNS8MwGMdTX+d8q3r0UhyCBx2tG+puQy8eJ7gXaMtIs3QLS9KSpMIo+xRe/CpePCjiVbz5bUy7HnTzD4Ef/+d5kif/IKZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I6NEINxGEY1EL4ASU8JxWxFFcS8WGLKA4m4wvsnq3QcsJIn4vZrE2GdwyElIEFTa6ptnqZdf4oph4Kd2tZHp4nQGtYYGu+7YtdrUk4RN+2ZFG7msRXAKqIBCrb755Q0ilDDMFaJQStexY+WnUCiCKJ6WvUTiGKIxHGJXI4cMSz/NN5pax9oZWGEk9OHKyt3fEylkUk5YoDsZVCM5X8vM/2puosIrPyU8ThTmaPZQmFBLRVaWkTUgAiNFJxogEkTvaqERFBApnWRZh+DMf3kROudVx646d/VK87qIowQOwRE4AQ64BE1wC1qgDRB4BM/gFbwZT8aL8W58zFqXjGLmAPyR8fkDWvqbsA==</latexit>

iso
<latexit sha1_base64="vMscFkR/EZunkAQ6awryHvwZHRE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNKJPppB06kwkzEzWEgBt/xY0LRdz6E+78G6dpFtp64MLhnHvnzj1BzKjSjvNtVZaWV1bXquu1jc2t7R17d6+jRCIxaWPBhOwFSBFGI9LWVDPSiyVBPGCkG0yupn73jkhFRXSr05j4HI0iGlKMtJEG9kHmFY9kKWFM3OceD8RDRpXI84FddxpOAbhI3JLUQYnWwP7yhgInnEQaM6RU33Vi7WdIaooZyWteokiM8ASNSN/QCHGi/KxYn8NjowxhKKSpSMNC/T2RIa5UygPTyZEeq3lvKv7n9RMdXvgZjeJEkwjPFoUJg1rAaSBwSCXBmqWGICyp+SvEYyQR1ia2mgnBnT95kXROG67TcG/O6s3LMo4qOARH4AS44Bw0wTVogTbA4BE8g1fwZj1ZL9a79TFrrVjlzD74A+vzBwqvmQs=</latexit><latexit sha1_base64="vMscFkR/EZunkAQ6awryHvwZHRE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNKJPppB06kwkzEzWEgBt/xY0LRdz6E+78G6dpFtp64MLhnHvnzj1BzKjSjvNtVZaWV1bXquu1jc2t7R17d6+jRCIxaWPBhOwFSBFGI9LWVDPSiyVBPGCkG0yupn73jkhFRXSr05j4HI0iGlKMtJEG9kHmFY9kKWFM3OceD8RDRpXI84FddxpOAbhI3JLUQYnWwP7yhgInnEQaM6RU33Vi7WdIaooZyWteokiM8ASNSN/QCHGi/KxYn8NjowxhKKSpSMNC/T2RIa5UygPTyZEeq3lvKv7n9RMdXvgZjeJEkwjPFoUJg1rAaSBwSCXBmqWGICyp+SvEYyQR1ia2mgnBnT95kXROG67TcG/O6s3LMo4qOARH4AS44Bw0wTVogTbA4BE8g1fwZj1ZL9a79TFrrVjlzD74A+vzBwqvmQs=</latexit><latexit sha1_base64="vMscFkR/EZunkAQ6awryHvwZHRE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNKJPppB06kwkzEzWEgBt/xY0LRdz6E+78G6dpFtp64MLhnHvnzj1BzKjSjvNtVZaWV1bXquu1jc2t7R17d6+jRCIxaWPBhOwFSBFGI9LWVDPSiyVBPGCkG0yupn73jkhFRXSr05j4HI0iGlKMtJEG9kHmFY9kKWFM3OceD8RDRpXI84FddxpOAbhI3JLUQYnWwP7yhgInnEQaM6RU33Vi7WdIaooZyWteokiM8ASNSN/QCHGi/KxYn8NjowxhKKSpSMNC/T2RIa5UygPTyZEeq3lvKv7n9RMdXvgZjeJEkwjPFoUJg1rAaSBwSCXBmqWGICyp+SvEYyQR1ia2mgnBnT95kXROG67TcG/O6s3LMo4qOARH4AS44Bw0wTVogTbA4BE8g1fwZj1ZL9a79TFrrVjlzD74A+vzBwqvmQs=</latexit><latexit sha1_base64="vMscFkR/EZunkAQ6awryHvwZHRE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRjcsK9gFNKJPppB06kwkzEzWEgBt/xY0LRdz6E+78G6dpFtp64MLhnHvnzj1BzKjSjvNtVZaWV1bXquu1jc2t7R17d6+jRCIxaWPBhOwFSBFGI9LWVDPSiyVBPGCkG0yupn73jkhFRXSr05j4HI0iGlKMtJEG9kHmFY9kKWFM3OceD8RDRpXI84FddxpOAbhI3JLUQYnWwP7yhgInnEQaM6RU33Vi7WdIaooZyWteokiM8ASNSN/QCHGi/KxYn8NjowxhKKSpSMNC/T2RIa5UygPTyZEeq3lvKv7n9RMdXvgZjeJEkwjPFoUJg1rAaSBwSCXBmqWGICyp+SvEYyQR1ia2mgnBnT95kXROG67TcG/O6s3LMo4qOARH4AS44Bw0wTVogTbA4BE8g1fwZj1ZL9a79TFrrVjlzD74A+vzBwqvmQs=</latexit>



Shapes as metric spaces

dGH( , ) < dGH( , )
<latexit sha1_base64="hvFireEgPo30sgmjc+uy/Qe2Qls=">AAACUHicdVHLSgMxFL1TX7W+qi7dXCxCBRlmrPgAF6ILXVawD2hLyWTSGsw8SDJCGfqJbrrzO9y4UDR9QdV6wiWHc+8hyYkXC66047xamYXFpeWV7GpubX1jcyu/vVNVUSIpq9BIRLLuEcUED1lFcy1YPZaMBJ5gNe/pZtivPTOpeBQ+6F7MWgHphrzDKdFGaue7fju9vesXsXk0uxDR1B8ND/ESp4457X9cxtfOFxz7YohTHJPShSHOieuUSujazggFmKDczg+afkSTgIWaCqJUw3Vi3UqJ1JwK1s81E8ViQp9IlzUMDUnAVCsdBdLHA6P42ImkqVDjSJ11pCRQqhd4ZjIg+lH97g3Feb1GojvnrZSHcaJZSMcHdRKBOsJhuuhzyagWPUMIldzcFekjkYRq8wc5E8L0pfg/qR7bbsk+vj8pXF1P4sjCHuxDEVw4gyu4gzJUgMILvMEHfFoD6936yljj0ekOu/ADmdw3zgmnTw==</latexit>

MDS,GMDS, SGMDS,GDD,PCA,RPCA,
<latexit sha1_base64="Fz7hjQn0mnhTxg5oGH968BHnd1M=">AAACC3icdVDLSgMxFM3UV62vUZduQovgopSZTlG7q7ZQN0K19gHtUDJp2oZmHiQZoZTu3fgrblwo4tYfcOffmM5UUNEDuTmccy/JPU7AqJCG8aEllpZXVteS66mNza3tHX13ryn8kGPSwD7zedtBgjDqkYakkpF2wAlyHUZazrg891u3hAvqezdyEhDbRUOPDihGUkk9PX1ZqWdhNar1+KpWKllYK59l4XVUe3rGyBXnOIYxsYqKGAXTsCxo5owIGbBArae/d/s+Dl3iScyQEB3TCKQ9RVxSzMgs1Q0FCRAeoyHpKOohlwh7Gu0yg4dK6cOBz9XxJIzU7xNT5AoxcR3V6SI5Er+9ufiX1wnl4NSeUi8IJfFw/NAgZFD6cB4M7FNOsGQTRRDmVP0V4hHiCEsVX0qF8LUp/J808znTyuWvCpnS+SKOJDgAaXAETHACSuAC1EADYHAHHsATeNbutUftRXuNWxPaYmYf/ID29gnq1ZaP</latexit>

F -Maps, FM -Net,GMDS-Net, SF -Maps
<latexit sha1_base64="3MimtUiQjaBtt5NPam1FfGdWv5Y="></latexit>



Functional Maps Ovsjanikov et al. 2012 

{ i}
<latexit sha1_base64="qHE09r7tlPvepbd4HRgrUv9gXa4=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjK2qN0V3bisYB8wM5RMmmlDM8mQZIQy9DPcuFDErV/jzr8x01ZQ0QMXDufcy733RCln2iD04ZRWVtfWN8qbla3tnd296v5BV8tMEdohkkvVj7CmnAnaMcxw2k8VxUnEaS+aXBd+754qzaS4M9OUhgkeCRYzgo2V/CCHQarZgAWzQbWG3GaBc7gg9aYlqOGheh16LpqjBpZoD6rvwVCSLKHCEI619j2UmjDHyjDC6awSZJqmmEzwiPqWCpxQHebzk2fwxCpDGEtlSxg4V79P5DjReppEtjPBZqx/e4X4l+dnJr4McybSzFBBFovijEMjYfE/HDJFieFTSzBRzN4KyRgrTIxNqWJD+PoU/k+6Z66HXO+2UWtdLeMogyNwDE6BBy5AC9yANugAAiR4AE/g2THOo/PivC5aS85y5hD8gPP2Ccf2kZY=</latexit><latexit sha1_base64="qHE09r7tlPvepbd4HRgrUv9gXa4=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjK2qN0V3bisYB8wM5RMmmlDM8mQZIQy9DPcuFDErV/jzr8x01ZQ0QMXDufcy733RCln2iD04ZRWVtfWN8qbla3tnd296v5BV8tMEdohkkvVj7CmnAnaMcxw2k8VxUnEaS+aXBd+754qzaS4M9OUhgkeCRYzgo2V/CCHQarZgAWzQbWG3GaBc7gg9aYlqOGheh16LpqjBpZoD6rvwVCSLKHCEI619j2UmjDHyjDC6awSZJqmmEzwiPqWCpxQHebzk2fwxCpDGEtlSxg4V79P5DjReppEtjPBZqx/e4X4l+dnJr4McybSzFBBFovijEMjYfE/HDJFieFTSzBRzN4KyRgrTIxNqWJD+PoU/k+6Z66HXO+2UWtdLeMogyNwDE6BBy5AC9yANugAAiR4AE/g2THOo/PivC5aS85y5hD8gPP2Ccf2kZY=</latexit><latexit sha1_base64="qHE09r7tlPvepbd4HRgrUv9gXa4=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjK2qN0V3bisYB8wM5RMmmlDM8mQZIQy9DPcuFDErV/jzr8x01ZQ0QMXDufcy733RCln2iD04ZRWVtfWN8qbla3tnd296v5BV8tMEdohkkvVj7CmnAnaMcxw2k8VxUnEaS+aXBd+754qzaS4M9OUhgkeCRYzgo2V/CCHQarZgAWzQbWG3GaBc7gg9aYlqOGheh16LpqjBpZoD6rvwVCSLKHCEI619j2UmjDHyjDC6awSZJqmmEzwiPqWCpxQHebzk2fwxCpDGEtlSxg4V79P5DjReppEtjPBZqx/e4X4l+dnJr4McybSzFBBFovijEMjYfE/HDJFieFTSzBRzN4KyRgrTIxNqWJD+PoU/k+6Z66HXO+2UWtdLeMogyNwDE6BBy5AC9yANugAAiR4AE/g2THOo/PivC5aS85y5hD8gPP2Ccf2kZY=</latexit><latexit sha1_base64="qHE09r7tlPvepbd4HRgrUv9gXa4=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjK2qN0V3bisYB8wM5RMmmlDM8mQZIQy9DPcuFDErV/jzr8x01ZQ0QMXDufcy733RCln2iD04ZRWVtfWN8qbla3tnd296v5BV8tMEdohkkvVj7CmnAnaMcxw2k8VxUnEaS+aXBd+754qzaS4M9OUhgkeCRYzgo2V/CCHQarZgAWzQbWG3GaBc7gg9aYlqOGheh16LpqjBpZoD6rvwVCSLKHCEI619j2UmjDHyjDC6awSZJqmmEzwiPqWCpxQHebzk2fwxCpDGEtlSxg4V79P5DjReppEtjPBZqx/e4X4l+dnJr4McybSzFBBFovijEMjYfE/HDJFieFTSzBRzN4KyRgrTIxNqWJD+PoU/k+6Z66HXO+2UWtdLeMogyNwDE6BBy5AC9yANugAAiR4AE/g2THOo/PivC5aS85y5hD8gPP2Ccf2kZY=</latexit>

{�i}
<latexit sha1_base64="HKoRsO/wiOV3JfQZ5wCzXVAKRqU=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRbB07Jri9pb0YvHCvYDukvJpmkbms2GJCuUpX/DiwdFvPpnvPlvzLYVVPTBwOO9GWbmRZIzbTzvwymsrK6tbxQ3S1vbO7t75f2Dtk5SRWiLJDxR3QhrypmgLcMMp12pKI4jTjvR5Dr3O/dUaZaIOzOVNIzxSLAhI9hYKQgyFMgx67NgVuqXK55bz3GOFqRat8Sr+V61inzXm6MCSzT75fdgkJA0psIQjrXu+Z40YYaVYYTTWSlINZWYTPCI9iwVOKY6zOY3z9CJVQZomChbwqC5+n0iw7HW0ziynTE2Y/3by8W/vF5qhpdhxoRMDRVksWiYcmQSlAeABkxRYvjUEkwUs7ciMsYKE2NjykP4+hT9T9pnru+5/m2t0rhaxlGEIziGU/DhAhpwA01oAQEJD/AEz07qPDovzuuiteAsZw7hB5y3T+9okZ8=</latexit><latexit sha1_base64="HKoRsO/wiOV3JfQZ5wCzXVAKRqU=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRbB07Jri9pb0YvHCvYDukvJpmkbms2GJCuUpX/DiwdFvPpnvPlvzLYVVPTBwOO9GWbmRZIzbTzvwymsrK6tbxQ3S1vbO7t75f2Dtk5SRWiLJDxR3QhrypmgLcMMp12pKI4jTjvR5Dr3O/dUaZaIOzOVNIzxSLAhI9hYKQgyFMgx67NgVuqXK55bz3GOFqRat8Sr+V61inzXm6MCSzT75fdgkJA0psIQjrXu+Z40YYaVYYTTWSlINZWYTPCI9iwVOKY6zOY3z9CJVQZomChbwqC5+n0iw7HW0ziynTE2Y/3by8W/vF5qhpdhxoRMDRVksWiYcmQSlAeABkxRYvjUEkwUs7ciMsYKE2NjykP4+hT9T9pnru+5/m2t0rhaxlGEIziGU/DhAhpwA01oAQEJD/AEz07qPDovzuuiteAsZw7hB5y3T+9okZ8=</latexit><latexit sha1_base64="HKoRsO/wiOV3JfQZ5wCzXVAKRqU=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRbB07Jri9pb0YvHCvYDukvJpmkbms2GJCuUpX/DiwdFvPpnvPlvzLYVVPTBwOO9GWbmRZIzbTzvwymsrK6tbxQ3S1vbO7t75f2Dtk5SRWiLJDxR3QhrypmgLcMMp12pKI4jTjvR5Dr3O/dUaZaIOzOVNIzxSLAhI9hYKQgyFMgx67NgVuqXK55bz3GOFqRat8Sr+V61inzXm6MCSzT75fdgkJA0psIQjrXu+Z40YYaVYYTTWSlINZWYTPCI9iwVOKY6zOY3z9CJVQZomChbwqC5+n0iw7HW0ziynTE2Y/3by8W/vF5qhpdhxoRMDRVksWiYcmQSlAeABkxRYvjUEkwUs7ciMsYKE2NjykP4+hT9T9pnru+5/m2t0rhaxlGEIziGU/DhAhpwA01oAQEJD/AEz07qPDovzuuiteAsZw7hB5y3T+9okZ8=</latexit><latexit sha1_base64="HKoRsO/wiOV3JfQZ5wCzXVAKRqU=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRbB07Jri9pb0YvHCvYDukvJpmkbms2GJCuUpX/DiwdFvPpnvPlvzLYVVPTBwOO9GWbmRZIzbTzvwymsrK6tbxQ3S1vbO7t75f2Dtk5SRWiLJDxR3QhrypmgLcMMp12pKI4jTjvR5Dr3O/dUaZaIOzOVNIzxSLAhI9hYKQgyFMgx67NgVuqXK55bz3GOFqRat8Sr+V61inzXm6MCSzT75fdgkJA0psIQjrXu+Z40YYaVYYTTWSlINZWYTPCI9iwVOKY6zOY3z9CJVQZomChbwqC5+n0iw7HW0ziynTE2Y/3by8W/vF5qhpdhxoRMDRVksWiYcmQSlAeABkxRYvjUEkwUs7ciMsYKE2NjykP4+hT9T9pnru+5/m2t0rhaxlGEIziGU/DhAhpwA01oAQEJD/AEz07qPDovzuuiteAsZw7hB5y3T+9okZ8=</latexit>

f =
X

i

hf, ii i =
X

i

↵i i

<latexit sha1_base64="prlCLHDGuk/SE0pKuyNxbX4vwGk="></latexit><latexit sha1_base64="prlCLHDGuk/SE0pKuyNxbX4vwGk="></latexit><latexit sha1_base64="prlCLHDGuk/SE0pKuyNxbX4vwGk="></latexit><latexit sha1_base64="prlCLHDGuk/SE0pKuyNxbX4vwGk="></latexit>

f =
X

i

hf,�ii�i =
X

i

�i�i

<latexit sha1_base64="hW9tDzcgFprwmgwm75TZzAjoOc4="></latexit><latexit sha1_base64="hW9tDzcgFprwmgwm75TZzAjoOc4="></latexit><latexit sha1_base64="hW9tDzcgFprwmgwm75TZzAjoOc4="></latexit><latexit sha1_base64="hW9tDzcgFprwmgwm75TZzAjoOc4="></latexit>

� = C↵
<latexit sha1_base64="qpH482387VYXJr954Jm/MACaAxw=">AAACBnicdVDLSgMxFM34rPU16lKEYBFclRlb1C6EYjcuK9gHtKXcSTNtaCYzJBmhDF258VfcuFDErd/gzr8x06mgogcunJxzL7n3eBFnSjvOh7WwuLS8sppby69vbG5t2zu7TRXGktAGCXko2x4oypmgDc00p+1IUgg8TlveuJb6rVsqFQvFjZ5EtBfAUDCfEdBG6tsHSdfzcdejGqb4Atdw9gYejWCa79sFp1hJcYozUqoY4pRdp1TCbtGZoYDmqPft9+4gJHFAhSYclOq4TqR7CUjNCKfTfDdWNAIyhiHtGCogoKqXzM6Y4iOjDLAfSlNC45n6fSKBQKlJ4JnOAPRI/fZS8S+vE2v/vJcwEcWaCpJ95Mcc6xCnmeABk5RoPjEEiGRmV0xGIIFok1wawtel+H/SPCm6TtG9Lheql/M4cmgfHaJj5KIzVEVXqI4aiKA79ICe0LN1bz1aL9Zr1rpgzWf20A9Yb5+i15f3</latexit><latexit sha1_base64="qpH482387VYXJr954Jm/MACaAxw=">AAACBnicdVDLSgMxFM34rPU16lKEYBFclRlb1C6EYjcuK9gHtKXcSTNtaCYzJBmhDF258VfcuFDErd/gzr8x06mgogcunJxzL7n3eBFnSjvOh7WwuLS8sppby69vbG5t2zu7TRXGktAGCXko2x4oypmgDc00p+1IUgg8TlveuJb6rVsqFQvFjZ5EtBfAUDCfEdBG6tsHSdfzcdejGqb4Atdw9gYejWCa79sFp1hJcYozUqoY4pRdp1TCbtGZoYDmqPft9+4gJHFAhSYclOq4TqR7CUjNCKfTfDdWNAIyhiHtGCogoKqXzM6Y4iOjDLAfSlNC45n6fSKBQKlJ4JnOAPRI/fZS8S+vE2v/vJcwEcWaCpJ95Mcc6xCnmeABk5RoPjEEiGRmV0xGIIFok1wawtel+H/SPCm6TtG9Lheql/M4cmgfHaJj5KIzVEVXqI4aiKA79ICe0LN1bz1aL9Zr1rpgzWf20A9Yb5+i15f3</latexit><latexit sha1_base64="qpH482387VYXJr954Jm/MACaAxw=">AAACBnicdVDLSgMxFM34rPU16lKEYBFclRlb1C6EYjcuK9gHtKXcSTNtaCYzJBmhDF258VfcuFDErd/gzr8x06mgogcunJxzL7n3eBFnSjvOh7WwuLS8sppby69vbG5t2zu7TRXGktAGCXko2x4oypmgDc00p+1IUgg8TlveuJb6rVsqFQvFjZ5EtBfAUDCfEdBG6tsHSdfzcdejGqb4Atdw9gYejWCa79sFp1hJcYozUqoY4pRdp1TCbtGZoYDmqPft9+4gJHFAhSYclOq4TqR7CUjNCKfTfDdWNAIyhiHtGCogoKqXzM6Y4iOjDLAfSlNC45n6fSKBQKlJ4JnOAPRI/fZS8S+vE2v/vJcwEcWaCpJ95Mcc6xCnmeABk5RoPjEEiGRmV0xGIIFok1wawtel+H/SPCm6TtG9Lheql/M4cmgfHaJj5KIzVEVXqI4aiKA79ICe0LN1bz1aL9Zr1rpgzWf20A9Yb5+i15f3</latexit><latexit sha1_base64="qpH482387VYXJr954Jm/MACaAxw=">AAACBnicdVDLSgMxFM34rPU16lKEYBFclRlb1C6EYjcuK9gHtKXcSTNtaCYzJBmhDF258VfcuFDErd/gzr8x06mgogcunJxzL7n3eBFnSjvOh7WwuLS8sppby69vbG5t2zu7TRXGktAGCXko2x4oypmgDc00p+1IUgg8TlveuJb6rVsqFQvFjZ5EtBfAUDCfEdBG6tsHSdfzcdejGqb4Atdw9gYejWCa79sFp1hJcYozUqoY4pRdp1TCbtGZoYDmqPft9+4gJHFAhSYclOq4TqR7CUjNCKfTfDdWNAIyhiHtGCogoKqXzM6Y4iOjDLAfSlNC45n6fSKBQKlJ4JnOAPRI/fZS8S+vE2v/vJcwEcWaCpJ95Mcc6xCnmeABk5RoPjEEiGRmV0xGIIFok1wawtel+H/SPCm6TtG9Lheql/M4cmgfHaJj5KIzVEVXqI4aiKA79ICe0LN1bz1aL9Zr1rpgzWf20A9Yb5+i15f3</latexit>

Cij = hT (�i), ji
<latexit sha1_base64="S53CaND+Oejd0ERNukX0Gw1+uyg="></latexit><latexit sha1_base64="S53CaND+Oejd0ERNukX0Gw1+uyg="></latexit><latexit sha1_base64="S53CaND+Oejd0ERNukX0Gw1+uyg="></latexit><latexit sha1_base64="S53CaND+Oejd0ERNukX0Gw1+uyg="></latexit>



Litany, Remez, Rodola, A Bronstein, M Bronstein ICCV’17
Halimi, Litany, Rodolà, Bronstein, K. CVPR’19
Roufosse, Sharma, Ovsjanikov, ICCV’19

X Features

Y

�
<latexit sha1_base64="zefPGipwGQ95bNuC6lkcuSGUNI8=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQmzEyEEvoYblwo0q3v4d6N+DYmbRfa+sPAx/+fw5xzwoQzbRzn21pZXVvf2Cxt2ds7u3v75YPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vC3y9iNVmknxYEYJDWLcFyxiBJvc8jI/jJDfGLCx3S1XnKozFVoGdw6V6w/7Kpl82Y1u+dPvSZLGVBjCsdae6yQmyLAyjHA6tv1U0wSTIe5TL0eBY6qDbDryGJ3mTg9FUuVPGDR1f3dkONZ6FId5ZYzNQC9mhflf5qUmugwyJpLUUEFmH0UpR0aiYn/UY4oSw0c5YKJYPisiA6wwMfmViiO4iysvQ6tWdc+rtXunUr+BmUpwDCdwBi5cQB3uoAFNICDhCV7g1TLWs/VmTWalK9a85wj+yHr/Acqck+w=</latexit>

 
<latexit sha1_base64="ba3nzkvUltyFrlZewuWw51lVE5w=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQSZiZCCX0MNy4U6db3cO9GfBsnbRfa+sPAx/+fw5xzwpQzpR3n21pZXVvf2Cxt2ds7u3v75YPDlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD4W2Rtx+pVCwRD3qU0iDGfcEiRrA2lpf7YYT8hmJju1uuOFVnKrQM7hwq1x/2VTr5shvd8qffS0gWU6EJx0p5rpPqIMdSM8Lp2PYzRVNMhrhPPYMCx1QF+XTkMTo1Tg9FiTRPaDR1f3fkOFZqFIemMsZ6oBazwvwv8zIdXQY5E2mmqSCzj6KMI52gYn/UY5ISzUcGMJHMzIrIAEtMtLlScQR3ceVlaNWq7nm1du9U6jcwUwmO4QTOwIULqMMdNKAJBBJ4ghd4tbT1bL1Zk1npijXvOYI/st5/ANtpk/c=</latexit>

C = (↵\�)T
<latexit sha1_base64="ahsgCAlxJPyV8MErDr1b7m1m/qg=">AAACKHicbVDLSgMxFM34rPVVdekmWIS6KTNV0I1Y7MZlhb6gU8udNNOGZh4kGaEM8zlu/BU3Iop065eYaWdhWy+EHM65z+OEnEllmlNjbX1jc2s7t5Pf3ds/OCwcHbdkEAlCmyTggeg4IClnPm0qpjjthIKC53Dadsa1VG8/UyFZ4DfUJKQ9D4Y+cxkBpal+4S62HRfXEnyLS7YT8IGcePqLbeDhCBLbATKWHORoQXSoguTiqZHP9wtFs2zOAq8CKwNFlEW9X/iwBwGJPOorovvKrmWGqheDUIxwmuTtSNJQD4Uh7Wrog0dlL54dmuBzzQywGwj9fIVn7N+KGDyZ7qgzPVAjuayl5H9aN1LuTS9mfhgp6pP5IDfiWAU4dQ0PmKBE8YkGQATTu2IyAgFEaW9TE6zlk1dBq1K2LsuVx6ti9T6zI4dO0RkqIQtdoyp6QHXURAS9oDf0ib6MV+Pd+Dam89Q1I6s5QQth/PwCNnimsA==</latexit>

↵
<latexit sha1_base64="FIPqEvYgGCU8viz1+7ji7swA6JI=">AAAB/nicbVDLSsNAFJ34rPEVFVdugkVwVZIq6LLoxmUF+4AmlJvJtB06mQkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ0oZVdrzvq2V1bX1jc3Klr29s7u37xwctpXIJCYtLJiQ3QgUYZSTlqaakW4qCSQRI51ofFv4nUciFRX8QU9SEiYw5HRAMWgj9Z3jIBIsVpPEXHkALB3B1Lb7TtWreTO4y8QvSRWVaPadryAWOEsI15iBUj3fS3WYg9QUMzK1g0yRFPAYhqRnKIeEqDCfxZ+6Z0aJ3YGQ5nDtztTfGzkkqkhoJhPQI7XoFeJ/Xi/Tg+swpzzNNOF4/tAgY64WbtGFG1NJsGYTQwBLarK6eAQSsDaNFSX4i19eJu16zb+o1e8vq42bso4KOkGn6Bz56Ao10B1qohbCKEfP6BW9WU/Wi/VufcxHV6xy5wj9gfX5AwZYlYI=</latexit>

�
<latexit sha1_base64="TFdKTiElMe9IsNnApgc6bsev2bY=">AAAB/XicbVDNS8MwHE3n16xf9ePmJTgET6Odgh6HXjxOcB+wlpGm6RaWJiVJhVmG/4oXD4p49f/w5n9juvWgmw9CHu/9fuTlhSmjSrvut1VZWV1b36hu2lvbO7t7zv5BR4lMYtLGggnZC5EijHLS1lQz0kslQUnISDcc3xR+94FIRQW/15OUBAkachpTjLSRBs6RHwoWqUlirtwPiUZT2x44NbfuzgCXiVeSGijRGjhffiRwlhCuMUNK9T031UGOpKaYkantZ4qkCI/RkPQN5SghKshn6afw1CgRjIU0h2s4U39v5ChRRUAzmSA9UoteIf7n9TMdXwU55WmmCcfzh+KMQS1gUQWMqCRYs4khCEtqskI8QhJhbQorSvAWv7xMOo26d15v3F3UmtdlHVVwDE7AGfDAJWiCW9ACbYDBI3gGr+DNerJerHfrYz5ascqdQ/AH1ucPOCSVDg==</latexit>

P = (| C�T |^)�
<latexit sha1_base64="WkAzWRQo9yrXxNNNmJ8U+PP2z3o=">AAACGnicbZDLSsNAFIYn9VbrLerSzWAR6qYkVdCNUOzGZYTeoGnLZDpph04mYWYilDTP4cZXceNCEXfixrdx2mahrT8MfPznHM6c34sYlcqyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TljWuzeuuBCElDXleTiHQDNOTUpxgpbfVNO3E9HzopvClN55i4jqSwBl1nRNO0V5/2XIb44LyXuJgKnBb6ZtEqW3PBVbAzKIJMTt/8dAchjgPCFWZIyo5tRaqbIKEoZiQtuLEkEcJjNCQdjRwFRHaT+WkpPNPOAPqh0I8rOHd/TyQokHISeLozQGokl2sz879aJ1b+dTehPIoV4XixyI8ZVCGc5QQHVBCs2EQDwoLqv0I8QgJhpdOchWAvn7wKzUrZvihX7i+L1dssjjw4AaegBGxwBargDjigATB4BM/gFbwZT8aL8W58LFpzRjZzDP7I+PoBgKOf7w==</latexit>

Features

Functional Maps

Y ⇡ PX
<latexit sha1_base64="U2eSX4cT/WVvFCihjt2hOhsBV74=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBbBVUiaonZXdOOygn1IE8pkOmmHTh7MTMQSAm78FTcuFHHrT7jzb5w0FVT0wIXDOfdy7z1ezKiQpvmhlRYWl5ZXyquVtfWNzS19e6cjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut7kPPe7N4QLGoVXchoTN0CjkPoUI6mkgb6XOhgxeJ1BB8Uxj25hq1B62UCvmkYjxzEsiN1QxKxbpm1DyzBnqII5WgP93RlGOAlIKDFDQvQtM5ZuirikmJGs4iSCxAhP0Ij0FQ1RQISbzn7I4KFShtCPuKpQwpn6fSJFgRDTwFOdAZJj8dvLxb+8fiL9UzelYZxIEuJikZ8wKCOYBwKHlBMs2VQRhDlVt0I8RhxhqWKrqBC+PoX/k07NsGyjdlmvNs/mcZTBPjgAR8ACJ6AJLkALtAEGd+ABPIFn7V571F6016K1pM1ndsEPaG+fxMuXoA==</latexit>

Ovsjanikov et al. 2012

NN

NN



X SHOT  

Y

�
<latexit sha1_base64="zefPGipwGQ95bNuC6lkcuSGUNI8=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQmzEyEEvoYblwo0q3v4d6N+DYmbRfa+sPAx/+fw5xzwoQzbRzn21pZXVvf2Cxt2ds7u3v75YPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vC3y9iNVmknxYEYJDWLcFyxiBJvc8jI/jJDfGLCx3S1XnKozFVoGdw6V6w/7Kpl82Y1u+dPvSZLGVBjCsdae6yQmyLAyjHA6tv1U0wSTIe5TL0eBY6qDbDryGJ3mTg9FUuVPGDR1f3dkONZ6FId5ZYzNQC9mhflf5qUmugwyJpLUUEFmH0UpR0aiYn/UY4oSw0c5YKJYPisiA6wwMfmViiO4iysvQ6tWdc+rtXunUr+BmUpwDCdwBi5cQB3uoAFNICDhCV7g1TLWs/VmTWalK9a85wj+yHr/Acqck+w=</latexit>

 
<latexit sha1_base64="ba3nzkvUltyFrlZewuWw51lVE5w=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQSZiZCCX0MNy4U6db3cO9GfBsnbRfa+sPAx/+fw5xzwpQzpR3n21pZXVvf2Cxt2ds7u3v75YPDlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD4W2Rtx+pVCwRD3qU0iDGfcEiRrA2lpf7YYT8hmJju1uuOFVnKrQM7hwq1x/2VTr5shvd8qffS0gWU6EJx0p5rpPqIMdSM8Lp2PYzRVNMhrhPPYMCx1QF+XTkMTo1Tg9FiTRPaDR1f3fkOFZqFIemMsZ6oBazwvwv8zIdXQY5E2mmqSCzj6KMI52gYn/UY5ISzUcGMJHMzIrIAEtMtLlScQR3ceVlaNWq7nm1du9U6jcwUwmO4QTOwIULqMMdNKAJBBJ4ghd4tbT1bL1Zk1npijXvOYI/st5/ANtpk/c=</latexit>

C = (↵\�)T
<latexit sha1_base64="ahsgCAlxJPyV8MErDr1b7m1m/qg=">AAACKHicbVDLSgMxFM34rPVVdekmWIS6KTNV0I1Y7MZlhb6gU8udNNOGZh4kGaEM8zlu/BU3Iop065eYaWdhWy+EHM65z+OEnEllmlNjbX1jc2s7t5Pf3ds/OCwcHbdkEAlCmyTggeg4IClnPm0qpjjthIKC53Dadsa1VG8/UyFZ4DfUJKQ9D4Y+cxkBpal+4S62HRfXEnyLS7YT8IGcePqLbeDhCBLbATKWHORoQXSoguTiqZHP9wtFs2zOAq8CKwNFlEW9X/iwBwGJPOorovvKrmWGqheDUIxwmuTtSNJQD4Uh7Wrog0dlL54dmuBzzQywGwj9fIVn7N+KGDyZ7qgzPVAjuayl5H9aN1LuTS9mfhgp6pP5IDfiWAU4dQ0PmKBE8YkGQATTu2IyAgFEaW9TE6zlk1dBq1K2LsuVx6ti9T6zI4dO0RkqIQtdoyp6QHXURAS9oDf0ib6MV+Pd+Dam89Q1I6s5QQth/PwCNnimsA==</latexit>

↵
<latexit sha1_base64="FIPqEvYgGCU8viz1+7ji7swA6JI=">AAAB/nicbVDLSsNAFJ34rPEVFVdugkVwVZIq6LLoxmUF+4AmlJvJtB06mQkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ0oZVdrzvq2V1bX1jc3Klr29s7u37xwctpXIJCYtLJiQ3QgUYZSTlqaakW4qCSQRI51ofFv4nUciFRX8QU9SEiYw5HRAMWgj9Z3jIBIsVpPEXHkALB3B1Lb7TtWreTO4y8QvSRWVaPadryAWOEsI15iBUj3fS3WYg9QUMzK1g0yRFPAYhqRnKIeEqDCfxZ+6Z0aJ3YGQ5nDtztTfGzkkqkhoJhPQI7XoFeJ/Xi/Tg+swpzzNNOF4/tAgY64WbtGFG1NJsGYTQwBLarK6eAQSsDaNFSX4i19eJu16zb+o1e8vq42bso4KOkGn6Bz56Ao10B1qohbCKEfP6BW9WU/Wi/VufcxHV6xy5wj9gfX5AwZYlYI=</latexit>

�
<latexit sha1_base64="TFdKTiElMe9IsNnApgc6bsev2bY=">AAAB/XicbVDNS8MwHE3n16xf9ePmJTgET6Odgh6HXjxOcB+wlpGm6RaWJiVJhVmG/4oXD4p49f/w5n9juvWgmw9CHu/9fuTlhSmjSrvut1VZWV1b36hu2lvbO7t7zv5BR4lMYtLGggnZC5EijHLS1lQz0kslQUnISDcc3xR+94FIRQW/15OUBAkachpTjLSRBs6RHwoWqUlirtwPiUZT2x44NbfuzgCXiVeSGijRGjhffiRwlhCuMUNK9T031UGOpKaYkantZ4qkCI/RkPQN5SghKshn6afw1CgRjIU0h2s4U39v5ChRRUAzmSA9UoteIf7n9TMdXwU55WmmCcfzh+KMQS1gUQWMqCRYs4khCEtqskI8QhJhbQorSvAWv7xMOo26d15v3F3UmtdlHVVwDE7AGfDAJWiCW9ACbYDBI3gGr+DNerJerHfrYz5ascqdQ/AH1ucPOCSVDg==</latexit>

P = (| C�T |^)�
<latexit sha1_base64="WkAzWRQo9yrXxNNNmJ8U+PP2z3o=">AAACGnicbZDLSsNAFIYn9VbrLerSzWAR6qYkVdCNUOzGZYTeoGnLZDpph04mYWYilDTP4cZXceNCEXfixrdx2mahrT8MfPznHM6c34sYlcqyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TljWuzeuuBCElDXleTiHQDNOTUpxgpbfVNO3E9HzopvClN55i4jqSwBl1nRNO0V5/2XIb44LyXuJgKnBb6ZtEqW3PBVbAzKIJMTt/8dAchjgPCFWZIyo5tRaqbIKEoZiQtuLEkEcJjNCQdjRwFRHaT+WkpPNPOAPqh0I8rOHd/TyQokHISeLozQGokl2sz879aJ1b+dTehPIoV4XixyI8ZVCGc5QQHVBCs2EQDwoLqv0I8QgJhpdOchWAvn7wKzUrZvihX7i+L1dssjjw4AaegBGxwBargDjigATB4BM/gFbwZT8aL8W58LFpzRjZzDP7I+PoBgKOf7w==</latexit>

NN

SHOT NN

lsup(X ,Y) =
X

i2X

X

j2Y
pijd

2
Y(j,⇡

⇤(i))

<latexit sha1_base64="H8YbUvA+uojoujvLDQFtoccjnLE="></latexit>

FM-Net
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Litany, Remez, Rodola, A Bronstein, M Bronstein ICCV’17
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Litany, Remez, Rodola, A Bronstein, M Bronstein ICCV’17
Halimi, Litany, Rodolà, Bronstein, K. CVPR’19
Roufosse, Sharma, Ovsjanikov, ICCV’19

X SHOT  

Y

�
<latexit sha1_base64="zefPGipwGQ95bNuC6lkcuSGUNI8=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQmzEyEEvoYblwo0q3v4d6N+DYmbRfa+sPAx/+fw5xzwoQzbRzn21pZXVvf2Cxt2ds7u3v75YPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vC3y9iNVmknxYEYJDWLcFyxiBJvc8jI/jJDfGLCx3S1XnKozFVoGdw6V6w/7Kpl82Y1u+dPvSZLGVBjCsdae6yQmyLAyjHA6tv1U0wSTIe5TL0eBY6qDbDryGJ3mTg9FUuVPGDR1f3dkONZ6FId5ZYzNQC9mhflf5qUmugwyJpLUUEFmH0UpR0aiYn/UY4oSw0c5YKJYPisiA6wwMfmViiO4iysvQ6tWdc+rtXunUr+BmUpwDCdwBi5cQB3uoAFNICDhCV7g1TLWs/VmTWalK9a85wj+yHr/Acqck+w=</latexit>

 
<latexit sha1_base64="ba3nzkvUltyFrlZewuWw51lVE5w=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQSZiZCCX0MNy4U6db3cO9GfBsnbRfa+sPAx/+fw5xzwpQzpR3n21pZXVvf2Cxt2ds7u3v75YPDlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD4W2Rtx+pVCwRD3qU0iDGfcEiRrA2lpf7YYT8hmJju1uuOFVnKrQM7hwq1x/2VTr5shvd8qffS0gWU6EJx0p5rpPqIMdSM8Lp2PYzRVNMhrhPPYMCx1QF+XTkMTo1Tg9FiTRPaDR1f3fkOFZqFIemMsZ6oBazwvwv8zIdXQY5E2mmqSCzj6KMI52gYn/UY5ISzUcGMJHMzIrIAEtMtLlScQR3ceVlaNWq7nm1du9U6jcwUwmO4QTOwIULqMMdNKAJBBJ4ghd4tbT1bL1Zk1npijXvOYI/st5/ANtpk/c=</latexit>

C = (↵\�)T
<latexit sha1_base64="ahsgCAlxJPyV8MErDr1b7m1m/qg=">AAACKHicbVDLSgMxFM34rPVVdekmWIS6KTNV0I1Y7MZlhb6gU8udNNOGZh4kGaEM8zlu/BU3Iop065eYaWdhWy+EHM65z+OEnEllmlNjbX1jc2s7t5Pf3ds/OCwcHbdkEAlCmyTggeg4IClnPm0qpjjthIKC53Dadsa1VG8/UyFZ4DfUJKQ9D4Y+cxkBpal+4S62HRfXEnyLS7YT8IGcePqLbeDhCBLbATKWHORoQXSoguTiqZHP9wtFs2zOAq8CKwNFlEW9X/iwBwGJPOorovvKrmWGqheDUIxwmuTtSNJQD4Uh7Wrog0dlL54dmuBzzQywGwj9fIVn7N+KGDyZ7qgzPVAjuayl5H9aN1LuTS9mfhgp6pP5IDfiWAU4dQ0PmKBE8YkGQATTu2IyAgFEaW9TE6zlk1dBq1K2LsuVx6ti9T6zI4dO0RkqIQtdoyp6QHXURAS9oDf0ib6MV+Pd+Dam89Q1I6s5QQth/PwCNnimsA==</latexit>

↵
<latexit sha1_base64="FIPqEvYgGCU8viz1+7ji7swA6JI=">AAAB/nicbVDLSsNAFJ34rPEVFVdugkVwVZIq6LLoxmUF+4AmlJvJtB06mQkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ0oZVdrzvq2V1bX1jc3Klr29s7u37xwctpXIJCYtLJiQ3QgUYZSTlqaakW4qCSQRI51ofFv4nUciFRX8QU9SEiYw5HRAMWgj9Z3jIBIsVpPEXHkALB3B1Lb7TtWreTO4y8QvSRWVaPadryAWOEsI15iBUj3fS3WYg9QUMzK1g0yRFPAYhqRnKIeEqDCfxZ+6Z0aJ3YGQ5nDtztTfGzkkqkhoJhPQI7XoFeJ/Xi/Tg+swpzzNNOF4/tAgY64WbtGFG1NJsGYTQwBLarK6eAQSsDaNFSX4i19eJu16zb+o1e8vq42bso4KOkGn6Bz56Ao10B1qohbCKEfP6BW9WU/Wi/VufcxHV6xy5wj9gfX5AwZYlYI=</latexit>

�
<latexit sha1_base64="TFdKTiElMe9IsNnApgc6bsev2bY=">AAAB/XicbVDNS8MwHE3n16xf9ePmJTgET6Odgh6HXjxOcB+wlpGm6RaWJiVJhVmG/4oXD4p49f/w5n9juvWgmw9CHu/9fuTlhSmjSrvut1VZWV1b36hu2lvbO7t7zv5BR4lMYtLGggnZC5EijHLS1lQz0kslQUnISDcc3xR+94FIRQW/15OUBAkachpTjLSRBs6RHwoWqUlirtwPiUZT2x44NbfuzgCXiVeSGijRGjhffiRwlhCuMUNK9T031UGOpKaYkantZ4qkCI/RkPQN5SghKshn6afw1CgRjIU0h2s4U39v5ChRRUAzmSA9UoteIf7n9TMdXwU55WmmCcfzh+KMQS1gUQWMqCRYs4khCEtqskI8QhJhbQorSvAWv7xMOo26d15v3F3UmtdlHVVwDE7AGfDAJWiCW9ACbYDBI3gGr+DNerJerHfrYz5ascqdQ/AH1ucPOCSVDg==</latexit>

P = (| C�T |^)�
<latexit sha1_base64="WkAzWRQo9yrXxNNNmJ8U+PP2z3o=">AAACGnicbZDLSsNAFIYn9VbrLerSzWAR6qYkVdCNUOzGZYTeoGnLZDpph04mYWYilDTP4cZXceNCEXfixrdx2mahrT8MfPznHM6c34sYlcqyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TljWuzeuuBCElDXleTiHQDNOTUpxgpbfVNO3E9HzopvClN55i4jqSwBl1nRNO0V5/2XIb44LyXuJgKnBb6ZtEqW3PBVbAzKIJMTt/8dAchjgPCFWZIyo5tRaqbIKEoZiQtuLEkEcJjNCQdjRwFRHaT+WkpPNPOAPqh0I8rOHd/TyQokHISeLozQGokl2sz879aJ1b+dTehPIoV4XixyI8ZVCGc5QQHVBCs2EQDwoLqv0I8QgJhpdOchWAvn7wKzUrZvihX7i+L1dssjjw4AaegBGxwBargDjigATB4BM/gFbwZT8aL8W58LFpzRjZzDP7I+PoBgKOf7w==</latexit>

NN

SHOT NN

FM-Net

luns(X ,Y) = kDX � PDYP
T k

<latexit sha1_base64="0T6p/Y+JevK/O9cLnHb9nYFX6ek="></latexit>

Ovsjanikov et al. 2012

Unsupervised 
Functional Maps-Net



Generalization
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Partial Correspondence

Halimi, Litany, Rodolà, Bronstein, K. CVPR’19 
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Single-pair correspondences

Halimi, Litany, Rodolà, Bronstein, K. CVPR’19 



Manifold vs. Riemannian Manifold

{M, g}
<latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit><latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit><latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit><latexit sha1_base64="u7E/wFxw2sQ3TYa7C/I3SAuhyfo=">AAACInicbVBLS8NAGNzUV62vqEcvi0XwUEpii9pb0YsXoYJ9QBLKZrtpl24e7G6EEvJbvPhXvHhQ1JPgj3GT5qCtAwvDzHy7344bMSqkYXxppZXVtfWN8mZla3tnd0/fP+iJMOaYdHHIQj5wkSCMBqQrqWRkEHGCfJeRvju9zvz+A+GChsG9nEXE8dE4oB7FSCppqLcSO7/E4mPXSYx6K8N5bU4aLUWMpmk0GqmdQBVFDN6mtTG003SoV5WZAy4TsyBVUKAz1D/sUYhjnwQSMySEZRqRdBLEJcWMpBU7FiRCeIrGxFI0QD4RTpJvl8ITpYygF3J1Aglz9fdEgnwhZr6rkj6SE7HoZeJ/nhVL79JJaBDFkgR4/pAXMyhDmPUFR5QTLNlMEYQ5VbtCPEEcYalaragSzMUvL5PeWd006uZds9q+KuoogyNwDE6BCS5AG9yADugCDB7BM3gFb9qT9qK9a5/zaEkrZg7BH2jfP5Krn/c=</latexit>

{M, g̃}
<latexit sha1_base64="o425hg3GAP2EjMNklrHtY9wUJPQ=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCiJREBF0W3bgRKtgLNKFMJift0MmFmYkSQt7Bja/ixoUibt24822ctllo64GBn+8/Z+bM7yWcSWVZ38bC4tLyymplrbq+sbm1be7stmWcCgotGvNYdD0igbMIWoopDt1EAAk9Dh1vdDX2O/cgJIujO5Ul4IZkELGAUaI06pvHuTO5JM+A8/ihwE6ONSIc3xQnjmLch3ygaVFU+2bNqluTwvPCLkUNldXsm1+OH9M0hEhRTqTs2Vai3JwIxSiHouqkEhJCR2QAPS0jEoJ088k6BT7UxMdBLPSJFJ7Q3xM5CaXMQk93hkQN5aw3hv95vVQFF27OoiRVENHpQ0HKsYrxOCDsMwFU8UwLQgXTu2I6JIJQpWMch2DPfnletE/rtlW3b89qjcsyjgraRwfoCNnoHDXQNWqiFqLoET2jV/RmPBkvxrvxMW1dMMqZPfSnjM8fQwaeWg==</latexit><latexit sha1_base64="o425hg3GAP2EjMNklrHtY9wUJPQ=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCiJREBF0W3bgRKtgLNKFMJift0MmFmYkSQt7Bja/ixoUibt24822ctllo64GBn+8/Z+bM7yWcSWVZ38bC4tLyymplrbq+sbm1be7stmWcCgotGvNYdD0igbMIWoopDt1EAAk9Dh1vdDX2O/cgJIujO5Ul4IZkELGAUaI06pvHuTO5JM+A8/ihwE6ONSIc3xQnjmLch3ygaVFU+2bNqluTwvPCLkUNldXsm1+OH9M0hEhRTqTs2Vai3JwIxSiHouqkEhJCR2QAPS0jEoJ088k6BT7UxMdBLPSJFJ7Q3xM5CaXMQk93hkQN5aw3hv95vVQFF27OoiRVENHpQ0HKsYrxOCDsMwFU8UwLQgXTu2I6JIJQpWMch2DPfnletE/rtlW3b89qjcsyjgraRwfoCNnoHDXQNWqiFqLoET2jV/RmPBkvxrvxMW1dMMqZPfSnjM8fQwaeWg==</latexit><latexit sha1_base64="o425hg3GAP2EjMNklrHtY9wUJPQ=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCiJREBF0W3bgRKtgLNKFMJift0MmFmYkSQt7Bja/ixoUibt24822ctllo64GBn+8/Z+bM7yWcSWVZ38bC4tLyymplrbq+sbm1be7stmWcCgotGvNYdD0igbMIWoopDt1EAAk9Dh1vdDX2O/cgJIujO5Ul4IZkELGAUaI06pvHuTO5JM+A8/ihwE6ONSIc3xQnjmLch3ygaVFU+2bNqluTwvPCLkUNldXsm1+OH9M0hEhRTqTs2Vai3JwIxSiHouqkEhJCR2QAPS0jEoJ088k6BT7UxMdBLPSJFJ7Q3xM5CaXMQk93hkQN5aw3hv95vVQFF27OoiRVENHpQ0HKsYrxOCDsMwFU8UwLQgXTu2I6JIJQpWMch2DPfnletE/rtlW3b89qjcsyjgraRwfoCNnoHDXQNWqiFqLoET2jV/RmPBkvxrvxMW1dMMqZPfSnjM8fQwaeWg==</latexit><latexit sha1_base64="o425hg3GAP2EjMNklrHtY9wUJPQ=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCiJREBF0W3bgRKtgLNKFMJift0MmFmYkSQt7Bja/ixoUibt24822ctllo64GBn+8/Z+bM7yWcSWVZ38bC4tLyymplrbq+sbm1be7stmWcCgotGvNYdD0igbMIWoopDt1EAAk9Dh1vdDX2O/cgJIujO5Ul4IZkELGAUaI06pvHuTO5JM+A8/ihwE6ONSIc3xQnjmLch3ygaVFU+2bNqluTwvPCLkUNldXsm1+OH9M0hEhRTqTs2Vai3JwIxSiHouqkEhJCR2QAPS0jEoJ088k6BT7UxMdBLPSJFJ7Q3xM5CaXMQk93hkQN5aw3hv95vVQFF27OoiRVENHpQ0HKsYrxOCDsMwFU8UwLQgXTu2I6JIJQpWMch2DPfnletE/rtlW3b89qjcsyjgraRwfoCNnoHDXQNWqiFqLoET2jV/RmPBkvxrvxMW1dMMqZPfSnjM8fQwaeWg==</latexit>

Cij = h i,  ̃jig̃
<latexit sha1_base64="/7u8L9dvODeDiRaZc9No/Pefi8U=">AAACNXicbVC7TsMwFHXKu7wKjCwWFRIDqhKEBAtSRRcGBpBoi9REkePcFlPHiWwHVFn5KRb+gwkGBhBi5RdIQgZeR7J0fM6919cnSDhT2rafrNrU9Mzs3PxCfXFpeWW1sbbeU3EqKXRpzGN5GRAFnAnoaqY5XCYSSBRw6AfjTuH3b0AqFosLPUnAi8hIsCGjROeS3zg1bjnETIDz+DbDHd+w6wwfYZcTMeKA3UQxn+26mvEQTH HL/GtXlqZvKnmUZTir+42m3bJL4L/EqUgTVTjzGw9uGNM0AqEpJ0oNHDvRniFSM8ohq7upgoTQMRnBIKeCRKA8Uy6c4e1cCfEwlvkRGpfq9w5DIqUmUZBXRkRfqd9eIf7nDVI9PPQME0mqQdCvh4YpxzrGRYQ4ZBKo5pOcECpZviumV0QSqvOgixCc31/+S3p7LcduOef7zfZxFcc82kRbaAc56AC10Qk6Q11E0R16RC/o1bq3nq036/2rtGZVPRvoB6yPT8g2rTk=</latexit><latexit sha1_base64="/7u8L9dvODeDiRaZc9No/Pefi8U=">AAACNXicbVC7TsMwFHXKu7wKjCwWFRIDqhKEBAtSRRcGBpBoi9REkePcFlPHiWwHVFn5KRb+gwkGBhBi5RdIQgZeR7J0fM6919cnSDhT2rafrNrU9Mzs3PxCfXFpeWW1sbbeU3EqKXRpzGN5GRAFnAnoaqY5XCYSSBRw6AfjTuH3b0AqFosLPUnAi8hIsCGjROeS3zg1bjnETIDz+DbDHd+w6wwfYZcTMeKA3UQxn+26mvEQTH HL/GtXlqZvKnmUZTir+42m3bJL4L/EqUgTVTjzGw9uGNM0AqEpJ0oNHDvRniFSM8ohq7upgoTQMRnBIKeCRKA8Uy6c4e1cCfEwlvkRGpfq9w5DIqUmUZBXRkRfqd9eIf7nDVI9PPQME0mqQdCvh4YpxzrGRYQ4ZBKo5pOcECpZviumV0QSqvOgixCc31/+S3p7LcduOef7zfZxFcc82kRbaAc56AC10Qk6Q11E0R16RC/o1bq3nq036/2rtGZVPRvoB6yPT8g2rTk=</latexit><latexit sha1_base64="/7u8L9dvODeDiRaZc9No/Pefi8U=">AAACNXicbVC7TsMwFHXKu7wKjCwWFRIDqhKEBAtSRRcGBpBoi9REkePcFlPHiWwHVFn5KRb+gwkGBhBi5RdIQgZeR7J0fM6919cnSDhT2rafrNrU9Mzs3PxCfXFpeWW1sbbeU3EqKXRpzGN5GRAFnAnoaqY5XCYSSBRw6AfjTuH3b0AqFosLPUnAi8hIsCGjROeS3zg1bjnETIDz+DbDHd+w6wwfYZcTMeKA3UQxn+26mvEQTH HL/GtXlqZvKnmUZTir+42m3bJL4L/EqUgTVTjzGw9uGNM0AqEpJ0oNHDvRniFSM8ohq7upgoTQMRnBIKeCRKA8Uy6c4e1cCfEwlvkRGpfq9w5DIqUmUZBXRkRfqd9eIf7nDVI9PPQME0mqQdCvh4YpxzrGRYQ4ZBKo5pOcECpZviumV0QSqvOgixCc31/+S3p7LcduOef7zfZxFcc82kRbaAc56AC10Qk6Q11E0R16RC/o1bq3nq036/2rtGZVPRvoB6yPT8g2rTk=</latexit><latexit sha1_base64="/7u8L9dvODeDiRaZc9No/Pefi8U=">AAACNXicbVC7TsMwFHXKu7wKjCwWFRIDqhKEBAtSRRcGBpBoi9REkePcFlPHiWwHVFn5KRb+gwkGBhBi5RdIQgZeR7J0fM6919cnSDhT2rafrNrU9Mzs3PxCfXFpeWW1sbbeU3EqKXRpzGN5GRAFnAnoaqY5XCYSSBRw6AfjTuH3b0AqFosLPUnAi8hIsCGjROeS3zg1bjnETIDz+DbDHd+w6wwfYZcTMeKA3UQxn+26mvEQTH HL/GtXlqZvKnmUZTir+42m3bJL4L/EqUgTVTjzGw9uGNM0AqEpJ0oNHDvRniFSM8ohq7upgoTQMRnBIKeCRKA8Uy6c4e1cCfEwlvkRGpfq9w5DIqUmUZBXRkRfqd9eIf7nDVI9PPQME0mqQdCvh4YpxzrGRYQ4ZBKo5pOcECpZviumV0QSqvOgixCc31/+S3p7LcduOef7zfZxFcc82kRbaAc56AC10Qk6Q11E0R16RC/o1bq3nq036/2rtGZVPRvoB6yPT8g2rTk=</latexit>

s

�g̃ ̃i = �̃i ̃i

<latexit sha1_base64="44g8pinTghinsUPIEDTH5swPJi0=">AAACP3icbVC7SgNBFJ2N7/iKWtoMBsEq7EpAG0HUwjKCeUA2LLOzN3Fw9sHMXSUs+2c2/oKdrY2FIrZ2TpIVNPHAwOHccx9z/EQKjbb9bJXm5hcWl5ZXyqtr6xubla3tlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPu356N6+w6UFnF0jcMEeiEbRKIvOEMjeZVW5o6HZEOQMr7PqXsBEpmXuShkANkgzwvmJlrknqAn9EeQZk 3AjDblyMtlr1K1a/YYdJY4BamSAg2v8uQGMU9DiJBLpnXXsRPsZUyh4BLysptqSBi/ZQPoGhqxEHQvG5+e032jBLQfK/MipGP1d0fGQq2HoW+cIcMbPV0bif/Vuin2j3uZiJIUIeKTRf1UUozpKEwaCAUc5dAQxpUwt1J+wxTjaCIfheBMf3mWtA5rTr1Wv6pXT8+KOJbJLtkjB8QhR+SUXJIGaRJOHsgLeSPv1qP1an1YnxNrySp6dsgfWF/fKjmx5w==</latexit>

�g i = �i i

<latexit sha1_base64="ToMS8nbwKNQ/p0Fjbv9zAMTske0=">AAACJnicbVDLSgMxFM34rOOr6tJNsAiuyowUdFMo6sJlBfuAThky6W0bmnmQZJQS5mvc+CtuXFRE3PkpZtoi2nogcHLOvTc3J0g4k8pxPq2V1bX1jc3Clr29s7u3Xzw4bMo4FRQaNOaxaAdEAmcRNBRTHNqJABIGHFrB6Dr3Ww8gJIujezVOoBuSQcT6jBJlJL9Y1d50iB4D5/Fjhr0b4Ir4epBpL5Es8xmuYu1xM7JHzO1HzW zb9oslp+xMgZeJOyclNEfdL068XkzTECJFOZGy4zqJ6moiFKMcMttLJSSEjsgAOoZGJATZ1dMNM3xqlB7ux8KcSOGp+rtDk1DKcRiYypCooVz0cvE/r5Oq/mVXsyhJFUR09lA/5VjFOM8M95gAqvjYEEIFM7tiOiSCUGWSzUNwF7+8TJrnZbdSrtxVSrWreRwFdIxO0Bly0QWqoVtURw1E0RN6QRP0Zj1br9a79TErXbHmPUfoD6yvb3Btpkc=</latexit>



Scale invariance?

Aflalo Raviv K.  SIAM IS 

d dsq k=



Surface Laplacian

g̃ij = |K|gij = |12|hSi, Sji
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Eigenfunctions 
��g i = �i i

<latexit sha1_base64="loyG2X3P3qmZeZUOSNkmXEBEC+g=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0hsUbsQirpwWcE+oAlhMpm0QycPZiZCCf0BN/6KGxeKuHXvzr9x0lRQ0QMDh3Pu4c49XsKokKb5oZXm5hcWl8rLlZXVtfUNfXOrI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6CL3u7eECxpHN3KcECdEg4gGFCOpJFffO7QvCZPIHUA7EdSl8AzaTOV9pHghVVy9ahqNHMewILWGImbdMms1aBnmFFUwQ8vV320/xmlIIokZEqJvmYl0MsQlxYxMKnYqSILwCA1IX9EIhUQ42fSaCdxXig+DmKsXSThVvycyFAoxDj01GSI5FL+9XPzL66cyOHUyGiWpJBEuFgUpgzKGeTXQp5xgycaKIMyp+ivEQ8QRlqrAvISvS+H/pHNkWKZhXderzfNZHWWwA3bBAbDACWiCK9ACbYDBHXgAT+BZu9cetRfttRgtabPMNvgB7e0T/sea5g==</latexit><latexit sha1_base64="loyG2X3P3qmZeZUOSNkmXEBEC+g=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0hsUbsQirpwWcE+oAlhMpm0QycPZiZCCf0BN/6KGxeKuHXvzr9x0lRQ0QMDh3Pu4c49XsKokKb5oZXm5hcWl8rLlZXVtfUNfXOrI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6CL3u7eECxpHN3KcECdEg4gGFCOpJFffO7QvCZPIHUA7EdSl8AzaTOV9pHghVVy9ahqNHMewILWGImbdMms1aBnmFFUwQ8vV320/xmlIIokZEqJvmYl0MsQlxYxMKnYqSILwCA1IX9EIhUQ42fSaCdxXig+DmKsXSThVvycyFAoxDj01GSI5FL+9XPzL66cyOHUyGiWpJBEuFgUpgzKGeTXQp5xgycaKIMyp+ivEQ8QRlqrAvISvS+H/pHNkWKZhXderzfNZHWWwA3bBAbDACWiCK9ACbYDBHXgAT+BZu9cetRfttRgtabPMNvgB7e0T/sea5g==</latexit><latexit sha1_base64="loyG2X3P3qmZeZUOSNkmXEBEC+g=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0hsUbsQirpwWcE+oAlhMpm0QycPZiZCCf0BN/6KGxeKuHXvzr9x0lRQ0QMDh3Pu4c49XsKokKb5oZXm5hcWl8rLlZXVtfUNfXOrI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6CL3u7eECxpHN3KcECdEg4gGFCOpJFffO7QvCZPIHUA7EdSl8AzaTOV9pHghVVy9ahqNHMewILWGImbdMms1aBnmFFUwQ8vV320/xmlIIokZEqJvmYl0MsQlxYxMKnYqSILwCA1IX9EIhUQ42fSaCdxXig+DmKsXSThVvycyFAoxDj01GSI5FL+9XPzL66cyOHUyGiWpJBEuFgUpgzKGeTXQp5xgycaKIMyp+ivEQ8QRlqrAvISvS+H/pHNkWKZhXderzfNZHWWwA3bBAbDACWiCK9ACbYDBHXgAT+BZu9cetRfttRgtabPMNvgB7e0T/sea5g==</latexit><latexit sha1_base64="loyG2X3P3qmZeZUOSNkmXEBEC+g=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0hsUbsQirpwWcE+oAlhMpm0QycPZiZCCf0BN/6KGxeKuHXvzr9x0lRQ0QMDh3Pu4c49XsKokKb5oZXm5hcWl8rLlZXVtfUNfXOrI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6CL3u7eECxpHN3KcECdEg4gGFCOpJFffO7QvCZPIHUA7EdSl8AzaTOV9pHghVVy9ahqNHMewILWGImbdMms1aBnmFFUwQ8vV320/xmlIIokZEqJvmYl0MsQlxYxMKnYqSILwCA1IX9EIhUQ42fSaCdxXig+DmKsXSThVvycyFAoxDj01GSI5FL+9XPzL66cyOHUyGiWpJBEuFgUpgzKGeTXQp5xgycaKIMyp+ivEQ8QRlqrAvISvS+H/pHNkWKZhXderzfNZHWWwA3bBAbDACWiCK9ACbYDBHXgAT+BZu9cetRfttRgtabPMNvgB7e0T/sea5g==</latexit>

��g̃ ̃i = �̃i ̃i
<latexit sha1_base64="ReRUhM0FKqeYg3aO4Zus00VQaCU="></latexit><latexit sha1_base64="ReRUhM0FKqeYg3aO4Zus00VQaCU="></latexit><latexit sha1_base64="ReRUhM0FKqeYg3aO4Zus00VQaCU="></latexit><latexit sha1_base64="ReRUhM0FKqeYg3aO4Zus00VQaCU="></latexit>

gij = hS!i , S!j i
<latexit sha1_base64="81jTX1F6nSEvlwhcVroAk2yM5L0=">AAACHXicdVDLSsQwFE19O76qLt0EB8GFlNYZfCwE0Y1LRccRpqWkmTs1mqYlSYWhzI+48VfcuFDEhRvxb0xnRhhFDwROzjmX5J4o40xp1/20xsYnJqemZ2Yrc/MLi0v28sqlSnNJoUFTnsqriCjgTEBDM83hKpNAkohDM7o9Lv3mHUjFUnGhuxkECYkF6zBKtJFCux6HBbvp4QPscyJiDvg8LPw0gZiErLc1cjMhX/YjldCuus 5+iR08ILV9Q9y659Zq2HPcPqpoiNPQfvfbKc0TEJpyolTLczMdFERqRjn0Kn6uICP0lsTQMlSQBFRQ9Lfr4Q2jtHEnleYIjfvq6ERBEqW6SWSSCdHX6rdXin95rVx39oKCiSzXIOjgoU7OsU5xWRVuMwlU864hhEpm/orpNZGEalNoWcL3pvh/crnteK7jndWrh0fDOmbQGlpHm8hDu+gQnaBT1EAU3aNH9IxerAfryXq13gbRMWs4s4p+wPr4AlYlohg=</latexit><latexit sha1_base64="81jTX1F6nSEvlwhcVroAk2yM5L0=">AAACHXicdVDLSsQwFE19O76qLt0EB8GFlNYZfCwE0Y1LRccRpqWkmTs1mqYlSYWhzI+48VfcuFDEhRvxb0xnRhhFDwROzjmX5J4o40xp1/20xsYnJqemZ2Yrc/MLi0v28sqlSnNJoUFTnsqriCjgTEBDM83hKpNAkohDM7o9Lv3mHUjFUnGhuxkECYkF6zBKtJFCux6HBbvp4QPscyJiDvg8LPw0gZiErLc1cjMhX/YjldCuus 5+iR08ILV9Q9y659Zq2HPcPqpoiNPQfvfbKc0TEJpyolTLczMdFERqRjn0Kn6uICP0lsTQMlSQBFRQ9Lfr4Q2jtHEnleYIjfvq6ERBEqW6SWSSCdHX6rdXin95rVx39oKCiSzXIOjgoU7OsU5xWRVuMwlU864hhEpm/orpNZGEalNoWcL3pvh/crnteK7jndWrh0fDOmbQGlpHm8hDu+gQnaBT1EAU3aNH9IxerAfryXq13gbRMWs4s4p+wPr4AlYlohg=</latexit><latexit sha1_base64="81jTX1F6nSEvlwhcVroAk2yM5L0=">AAACHXicdVDLSsQwFE19O76qLt0EB8GFlNYZfCwE0Y1LRccRpqWkmTs1mqYlSYWhzI+48VfcuFDEhRvxb0xnRhhFDwROzjmX5J4o40xp1/20xsYnJqemZ2Yrc/MLi0v28sqlSnNJoUFTnsqriCjgTEBDM83hKpNAkohDM7o9Lv3mHUjFUnGhuxkECYkF6zBKtJFCux6HBbvp4QPscyJiDvg8LPw0gZiErLc1cjMhX/YjldCuus 5+iR08ILV9Q9y659Zq2HPcPqpoiNPQfvfbKc0TEJpyolTLczMdFERqRjn0Kn6uICP0lsTQMlSQBFRQ9Lfr4Q2jtHEnleYIjfvq6ERBEqW6SWSSCdHX6rdXin95rVx39oKCiSzXIOjgoU7OsU5xWRVuMwlU864hhEpm/orpNZGEalNoWcL3pvh/crnteK7jndWrh0fDOmbQGlpHm8hDu+gQnaBT1EAU3aNH9IxerAfryXq13gbRMWs4s4p+wPr4AlYlohg=</latexit><latexit sha1_base64="81jTX1F6nSEvlwhcVroAk2yM5L0=">AAACHXicdVDLSsQwFE19O76qLt0EB8GFlNYZfCwE0Y1LRccRpqWkmTs1mqYlSYWhzI+48VfcuFDEhRvxb0xnRhhFDwROzjmX5J4o40xp1/20xsYnJqemZ2Yrc/MLi0v28sqlSnNJoUFTnsqriCjgTEBDM83hKpNAkohDM7o9Lv3mHUjFUnGhuxkECYkF6zBKtJFCux6HBbvp4QPscyJiDvg8LPw0gZiErLc1cjMhX/YjldCuus 5+iR08ILV9Q9y659Zq2HPcPqpoiNPQfvfbKc0TEJpyolTLczMdFERqRjn0Kn6uICP0lsTQMlSQBFRQ9Lfr4Q2jtHEnleYIjfvq6ERBEqW6SWSSCdHX6rdXin95rVx39oKCiSzXIOjgoU7OsU5xWRVuMwlU864hhEpm/orpNZGEalNoWcL3pvh/crnteK7jndWrh0fDOmbQGlpHm8hDu+gQnaBT1EAU3aNH9IxerAfryXq13gbRMWs4s4p+wPr4AlYlohg=</latexit>

Halimi & K. 2018

g̃ij = |K|gij
<latexit sha1_base64="bwycGdG2i8r1VQZY4dsUT2UOycM=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbB1ZCxRe1CKLoR3FSwD2hLyWQy09jMgyQjlGk3bvwVNy4Uces/uPNvzLQVVPTAhZNz7iX3HifmTCqEPozc3PzC4lJ+ubCyura+YW5uNWSUCELrJOKRaDlYUs5CWldMcdqKBcWBw2nTGZxnfvOWCsmi8FoNY9oNsB8yjxGstNQzdzuKcZem/riXspsxPIWjyxH0J49Czywiq5LhCE5Jqa IJKtuoVIK2hSYoghlqPfO940YkCWioCMdStm0Uq26KhWKE03Ghk0gaYzLAPm1rGuKAym46uWIM97XiQi8SukIFJ+r3iRQHUg4DR3cGWPXlby8T//LaifJOuikL40TRkEw/8hIOVQSzSKDLBCWKDzXBRDC9KyR9LDBROrgshK9L4f+kcWjZyLKvysXq2SyOPNgBe+AA2OAYVMEFqIE6IOAOPIAn8GzcG4/Gi/E6bc0Zs5lt8APG2yebTpij</latexit><latexit sha1_base64="bwycGdG2i8r1VQZY4dsUT2UOycM=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbB1ZCxRe1CKLoR3FSwD2hLyWQy09jMgyQjlGk3bvwVNy4Uces/uPNvzLQVVPTAhZNz7iX3HifmTCqEPozc3PzC4lJ+ubCyura+YW5uNWSUCELrJOKRaDlYUs5CWldMcdqKBcWBw2nTGZxnfvOWCsmi8FoNY9oNsB8yjxGstNQzdzuKcZem/riXspsxPIWjyxH0J49Czywiq5LhCE5Jqa IJKtuoVIK2hSYoghlqPfO940YkCWioCMdStm0Uq26KhWKE03Ghk0gaYzLAPm1rGuKAym46uWIM97XiQi8SukIFJ+r3iRQHUg4DR3cGWPXlby8T//LaifJOuikL40TRkEw/8hIOVQSzSKDLBCWKDzXBRDC9KyR9LDBROrgshK9L4f+kcWjZyLKvysXq2SyOPNgBe+AA2OAYVMEFqIE6IOAOPIAn8GzcG4/Gi/E6bc0Zs5lt8APG2yebTpij</latexit><latexit sha1_base64="bwycGdG2i8r1VQZY4dsUT2UOycM=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbB1ZCxRe1CKLoR3FSwD2hLyWQy09jMgyQjlGk3bvwVNy4Uces/uPNvzLQVVPTAhZNz7iX3HifmTCqEPozc3PzC4lJ+ubCyura+YW5uNWSUCELrJOKRaDlYUs5CWldMcdqKBcWBw2nTGZxnfvOWCsmi8FoNY9oNsB8yjxGstNQzdzuKcZem/riXspsxPIWjyxH0J49Czywiq5LhCE5Jqa IJKtuoVIK2hSYoghlqPfO940YkCWioCMdStm0Uq26KhWKE03Ghk0gaYzLAPm1rGuKAym46uWIM97XiQi8SukIFJ+r3iRQHUg4DR3cGWPXlby8T//LaifJOuikL40TRkEw/8hIOVQSzSKDLBCWKDzXBRDC9KyR9LDBROrgshK9L4f+kcWjZyLKvysXq2SyOPNgBe+AA2OAYVMEFqIE6IOAOPIAn8GzcG4/Gi/E6bc0Zs5lt8APG2yebTpij</latexit><latexit sha1_base64="bwycGdG2i8r1VQZY4dsUT2UOycM=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbB1ZCxRe1CKLoR3FSwD2hLyWQy09jMgyQjlGk3bvwVNy4Uces/uPNvzLQVVPTAhZNz7iX3HifmTCqEPozc3PzC4lJ+ubCyura+YW5uNWSUCELrJOKRaDlYUs5CWldMcdqKBcWBw2nTGZxnfvOWCsmi8FoNY9oNsB8yjxGstNQzdzuKcZem/riXspsxPIWjyxH0J49Czywiq5LhCE5Jqa IJKtuoVIK2hSYoghlqPfO940YkCWioCMdStm0Uq26KhWKE03Ghk0gaYzLAPm1rGuKAym46uWIM97XiQi8SukIFJ+r3iRQHUg4DR3cGWPXlby8T//LaifJOuikL40TRkEw/8hIOVQSzSKDLBCWKDzXBRDC9KyR9LDBROrgshK9L4f+kcWjZyLKvysXq2SyOPNgBe+AA2OAYVMEFqIE6IOAOPIAn8GzcG4/Gi/E6bc0Zs5lt8APG2yebTpij</latexit>



𝑆
𝑆,

𝑔

#𝑔

{
<latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit><latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit><latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit><latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit>

}
<latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit><latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit><latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit><latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit>

𝑆{
<latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit><latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit><latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit><latexit sha1_base64="mIokvGWAyK5h/bh6LCXJvephfNI=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivd9/K+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX/7rJafyziKMMJnMI5+HAFdbiFBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fom+NfA==</latexit>

}
<latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit><latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit><latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit><latexit sha1_base64="XEHl6WxRw+wgoXf0cgnMotJslzg=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBi8cq9kPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PxzcxvP3FtRKIecJLyIKZDJSLBKFrpvjftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+3WW1/ljEUYYTOIVz8OEK6nALDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/pXeNfg==</latexit>

, #𝑔

��g�i = �i�i
<latexit sha1_base64="h1Jh91VS4BfP1arWMaZo52APX7g=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoBuhqAuXFewDmhAmk0k7dDIJMxOhhH6AG3/FjQtF3PoB7vwbp20W2npg4HDOudy5J0g5U9q2v63S0vLK6lp5vbKxubW9U93da6skk4S2SMIT2Q2wopwJ2tJMc9pNJcVxwGknGF5P/M4DlYol4l6PUurFuC9YxAjWRvKrtRP3hnKN/T5y0wHzGbpELjfzITZ8JpmUXbenQIvEKUgNCjT96pcbJiSLqdCEY6V6jp1qL8dSM8LpuOJmiqaYDHGf9gwVOKbKy6fHjNGRUUIUJdI8odFU/T2R41ipURyYZIz1QM17E/E/r5fp6MLLmUgzTQWZLYoyjnSCJs2gkElKNB8Zgolk5q+IDLDERJv+KqYEZ/7kRdI+rTt23bk7qzWuijrKcACHcAwOnEMDbqEJLSDwCM/wCm/Wk/VivVsfs2jJKmb24Q+szx/63ZpO</latexit><latexit sha1_base64="h1Jh91VS4BfP1arWMaZo52APX7g=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoBuhqAuXFewDmhAmk0k7dDIJMxOhhH6AG3/FjQtF3PoB7vwbp20W2npg4HDOudy5J0g5U9q2v63S0vLK6lp5vbKxubW9U93da6skk4S2SMIT2Q2wopwJ2tJMc9pNJcVxwGknGF5P/M4DlYol4l6PUurFuC9YxAjWRvKrtRP3hnKN/T5y0wHzGbpELjfzITZ8JpmUXbenQIvEKUgNCjT96pcbJiSLqdCEY6V6jp1qL8dSM8LpuOJmiqaYDHGf9gwVOKbKy6fHjNGRUUIUJdI8odFU/T2R41ipURyYZIz1QM17E/E/r5fp6MLLmUgzTQWZLYoyjnSCJs2gkElKNB8Zgolk5q+IDLDERJv+KqYEZ/7kRdI+rTt23bk7qzWuijrKcACHcAwOnEMDbqEJLSDwCM/wCm/Wk/VivVsfs2jJKmb24Q+szx/63ZpO</latexit><latexit sha1_base64="h1Jh91VS4BfP1arWMaZo52APX7g=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoBuhqAuXFewDmhAmk0k7dDIJMxOhhH6AG3/FjQtF3PoB7vwbp20W2npg4HDOudy5J0g5U9q2v63S0vLK6lp5vbKxubW9U93da6skk4S2SMIT2Q2wopwJ2tJMc9pNJcVxwGknGF5P/M4DlYol4l6PUurFuC9YxAjWRvKrtRP3hnKN/T5y0wHzGbpELjfzITZ8JpmUXbenQIvEKUgNCjT96pcbJiSLqdCEY6V6jp1qL8dSM8LpuOJmiqaYDHGf9gwVOKbKy6fHjNGRUUIUJdI8odFU/T2R41ipURyYZIz1QM17E/E/r5fp6MLLmUgzTQWZLYoyjnSCJs2gkElKNB8Zgolk5q+IDLDERJv+KqYEZ/7kRdI+rTt23bk7qzWuijrKcACHcAwOnEMDbqEJLSDwCM/wCm/Wk/VivVsfs2jJKmb24Q+szx/63ZpO</latexit><latexit sha1_base64="h1Jh91VS4BfP1arWMaZo52APX7g=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgxpKIoBuhqAuXFewDmhAmk0k7dDIJMxOhhH6AG3/FjQtF3PoB7vwbp20W2npg4HDOudy5J0g5U9q2v63S0vLK6lp5vbKxubW9U93da6skk4S2SMIT2Q2wopwJ2tJMc9pNJcVxwGknGF5P/M4DlYol4l6PUurFuC9YxAjWRvKrtRP3hnKN/T5y0wHzGbpELjfzITZ8JpmUXbenQIvEKUgNCjT96pcbJiSLqdCEY6V6jp1qL8dSM8LpuOJmiqaYDHGf9gwVOKbKy6fHjNGRUUIUJdI8odFU/T2R41ipURyYZIz1QM17E/E/r5fp6MLLmUgzTQWZLYoyjnSCJs2gkElKNB8Zgolk5q+IDLDERJv+KqYEZ/7kRdI+rTt23bk7qzWuijrKcACHcAwOnEMDbqEJLSDwCM/wCm/Wk/VivVsfs2jJKmb24Q+szx/63ZpO</latexit>

��g̃�̃i = �̃i�̃i
<latexit sha1_base64="1d3abIM8n70k+xIVjBCRnHeAlcg=">AAACLnicbVDLSgMxFM34tr6qLt0Ei+DGMiOCboTiA1wq2FbolCGTuW1DMw+SO0IZ5ovc+Cu6EFTErZ9h2g6irQcCh3POTXKPn0ih0bZfrZnZufmFxaXl0srq2vpGeXOroeNUcajzWMbqzmcapIigjgIl3CUKWOhLaPr986HfvAelRRzd4iCBdsi6kegIztBIXvnywL0AiczLXBQygKyb57SgbtITuSfo6Y8gzcUBG2p/I165YlftEeg0cQpSIQWuvfKzG8Q8DSFCLpnWLcdOsJ0xhYJLyEtuqiFhvM+60DI0YiHodjZaN6d7RgloJ1bmREhH6u+JjIVaD0LfJEOGPT3pDcX/vFaKnZN2JqIkRYj4+KFOKinGdNgdDYQCjnJgCONKmL9S3mOKcTQNl0wJzuTK06RxWHXsqnNzVKmdFXUskR2yS/aJQ45JjVyRa1InnDyQJ/JG3q1H68X6sD7H0RmrmNkmf2B9fQPCYKoy</latexit><latexit sha1_base64="1d3abIM8n70k+xIVjBCRnHeAlcg=">AAACLnicbVDLSgMxFM34tr6qLt0Ei+DGMiOCboTiA1wq2FbolCGTuW1DMw+SO0IZ5ovc+Cu6EFTErZ9h2g6irQcCh3POTXKPn0ih0bZfrZnZufmFxaXl0srq2vpGeXOroeNUcajzWMbqzmcapIigjgIl3CUKWOhLaPr986HfvAelRRzd4iCBdsi6kegIztBIXvnywL0AiczLXBQygKyb57SgbtITuSfo6Y8gzcUBG2p/I165YlftEeg0cQpSIQWuvfKzG8Q8DSFCLpnWLcdOsJ0xhYJLyEtuqiFhvM+60DI0YiHodjZaN6d7RgloJ1bmREhH6u+JjIVaD0LfJEOGPT3pDcX/vFaKnZN2JqIkRYj4+KFOKinGdNgdDYQCjnJgCONKmL9S3mOKcTQNl0wJzuTK06RxWHXsqnNzVKmdFXUskR2yS/aJQ45JjVyRa1InnDyQJ/JG3q1H68X6sD7H0RmrmNkmf2B9fQPCYKoy</latexit><latexit sha1_base64="1d3abIM8n70k+xIVjBCRnHeAlcg=">AAACLnicbVDLSgMxFM34tr6qLt0Ei+DGMiOCboTiA1wq2FbolCGTuW1DMw+SO0IZ5ovc+Cu6EFTErZ9h2g6irQcCh3POTXKPn0ih0bZfrZnZufmFxaXl0srq2vpGeXOroeNUcajzWMbqzmcapIigjgIl3CUKWOhLaPr986HfvAelRRzd4iCBdsi6kegIztBIXvnywL0AiczLXBQygKyb57SgbtITuSfo6Y8gzcUBG2p/I165YlftEeg0cQpSIQWuvfKzG8Q8DSFCLpnWLcdOsJ0xhYJLyEtuqiFhvM+60DI0YiHodjZaN6d7RgloJ1bmREhH6u+JjIVaD0LfJEOGPT3pDcX/vFaKnZN2JqIkRYj4+KFOKinGdNgdDYQCjnJgCONKmL9S3mOKcTQNl0wJzuTK06RxWHXsqnNzVKmdFXUskR2yS/aJQ45JjVyRa1InnDyQJ/JG3q1H68X6sD7H0RmrmNkmf2B9fQPCYKoy</latexit><latexit sha1_base64="1d3abIM8n70k+xIVjBCRnHeAlcg=">AAACLnicbVDLSgMxFM34tr6qLt0Ei+DGMiOCboTiA1wq2FbolCGTuW1DMw+SO0IZ5ovc+Cu6EFTErZ9h2g6irQcCh3POTXKPn0ih0bZfrZnZufmFxaXl0srq2vpGeXOroeNUcajzWMbqzmcapIigjgIl3CUKWOhLaPr986HfvAelRRzd4iCBdsi6kegIztBIXvnywL0AiczLXBQygKyb57SgbtITuSfo6Y8gzcUBG2p/I165YlftEeg0cQpSIQWuvfKzG8Q8DSFCLpnWLcdOsJ0xhYJLyEtuqiFhvM+60DI0YiHodjZaN6d7RgloJ1bmREhH6u+JjIVaD0LfJEOGPT3pDcX/vFaKnZN2JqIkRYj4+KFOKinGdNgdDYQCjnJgCONKmL9S3mOKcTQNl0wJzuTK06RxWHXsqnNzVKmdFXUskR2yS/aJQ45JjVyRa1InnDyQJ/JG3q1H68X6sD7H0RmrmNkmf2B9fQPCYKoy</latexit>

{�̃i}
<latexit sha1_base64="UuomMvdb4RYc5r7Xk39Hop+SkI4=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04rGC/YAmhM1m2i7dbMLuRggh/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dpOfXdv/+DQPjruqSSTFLo04YkchEQBZwK6mmkOg1QCiUMO/XB6O/P7jyAVS8SDzlPwYzIWbMQo0UYK7IZXeJrxCAovnbAyYNgrA7vptJw58CpxK9JEFTqB/eVFCc1iEJpyotTQdVLtF0RqRjmUdS9TkBI6JWMYGipIDMov5seX+MwoER4l0pTQeK7+nihIrFQeh6YzJnqilr2Z+J83zPTo2i+YSDMNgi4WjTKOdYJnSeCISaCa54YQKpm5FdMJkYRqk1fdhOAuv7xKehct12m595fN9k0VRw2doFN0jlx0hdroDnVQF1GUo2f0it6sJ+vFerc+Fq1rVjXTQH9gff4AD52VBA==</latexit><latexit sha1_base64="UuomMvdb4RYc5r7Xk39Hop+SkI4=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04rGC/YAmhM1m2i7dbMLuRggh/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dpOfXdv/+DQPjruqSSTFLo04YkchEQBZwK6mmkOg1QCiUMO/XB6O/P7jyAVS8SDzlPwYzIWbMQo0UYK7IZXeJrxCAovnbAyYNgrA7vptJw58CpxK9JEFTqB/eVFCc1iEJpyotTQdVLtF0RqRjmUdS9TkBI6JWMYGipIDMov5seX+MwoER4l0pTQeK7+nihIrFQeh6YzJnqilr2Z+J83zPTo2i+YSDMNgi4WjTKOdYJnSeCISaCa54YQKpm5FdMJkYRqk1fdhOAuv7xKehct12m595fN9k0VRw2doFN0jlx0hdroDnVQF1GUo2f0it6sJ+vFerc+Fq1rVjXTQH9gff4AD52VBA==</latexit><latexit sha1_base64="UuomMvdb4RYc5r7Xk39Hop+SkI4=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04rGC/YAmhM1m2i7dbMLuRggh/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dpOfXdv/+DQPjruqSSTFLo04YkchEQBZwK6mmkOg1QCiUMO/XB6O/P7jyAVS8SDzlPwYzIWbMQo0UYK7IZXeJrxCAovnbAyYNgrA7vptJw58CpxK9JEFTqB/eVFCc1iEJpyotTQdVLtF0RqRjmUdS9TkBI6JWMYGipIDMov5seX+MwoER4l0pTQeK7+nihIrFQeh6YzJnqilr2Z+J83zPTo2i+YSDMNgi4WjTKOdYJnSeCISaCa54YQKpm5FdMJkYRqk1fdhOAuv7xKehct12m595fN9k0VRw2doFN0jlx0hdroDnVQF1GUo2f0it6sJ+vFerc+Fq1rVjXTQH9gff4AD52VBA==</latexit><latexit sha1_base64="UuomMvdb4RYc5r7Xk39Hop+SkI4=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04rGC/YAmhM1m2i7dbMLuRggh/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dpOfXdv/+DQPjruqSSTFLo04YkchEQBZwK6mmkOg1QCiUMO/XB6O/P7jyAVS8SDzlPwYzIWbMQo0UYK7IZXeJrxCAovnbAyYNgrA7vptJw58CpxK9JEFTqB/eVFCc1iEJpyotTQdVLtF0RqRjmUdS9TkBI6JWMYGipIDMov5seX+MwoER4l0pTQeK7+nihIrFQeh6YzJnqilr2Z+J83zPTo2i+YSDMNgi4WjTKOdYJnSeCISaCa54YQKpm5FdMJkYRqk1fdhOAuv7xKehct12m595fN9k0VRw2doFN0jlx0hdroDnVQF1GUo2f0it6sJ+vFerc+Fq1rVjXTQH9gff4AD52VBA==</latexit>

{�i}
<latexit sha1_base64="GD4LYO4bAOTfkQJXvwNieQ/KM4M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEl5ENOBEpFgFK0U+Hnup0Mx7QniT3uVqltz5yCrxCtIFQo0epUvv5+wLOYKmaTGdD03xSCnGgWTfFr2M8NTykZ0wLuWKhpzE+Tzo6fk3Cp9EiXalkIyV39P5DQ2ZhKHtjOmODTL3kz8z+tmGN0EuVBphlyxxaIokwQTMkuA9IXmDOXEEsq0sLcSNqSaMrQ5lW0I3vLLq6R1WfPcmvdwVa3fFnGU4BTO4AI8uIY63EMDmsDgCZ7hFd6csfPivDsfi9Y1p5g5gT9wPn8A5H2SKQ==</latexit><latexit sha1_base64="GD4LYO4bAOTfkQJXvwNieQ/KM4M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEl5ENOBEpFgFK0U+Hnup0Mx7QniT3uVqltz5yCrxCtIFQo0epUvv5+wLOYKmaTGdD03xSCnGgWTfFr2M8NTykZ0wLuWKhpzE+Tzo6fk3Cp9EiXalkIyV39P5DQ2ZhKHtjOmODTL3kz8z+tmGN0EuVBphlyxxaIokwQTMkuA9IXmDOXEEsq0sLcSNqSaMrQ5lW0I3vLLq6R1WfPcmvdwVa3fFnGU4BTO4AI8uIY63EMDmsDgCZ7hFd6csfPivDsfi9Y1p5g5gT9wPn8A5H2SKQ==</latexit><latexit sha1_base64="GD4LYO4bAOTfkQJXvwNieQ/KM4M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEl5ENOBEpFgFK0U+Hnup0Mx7QniT3uVqltz5yCrxCtIFQo0epUvv5+wLOYKmaTGdD03xSCnGgWTfFr2M8NTykZ0wLuWKhpzE+Tzo6fk3Cp9EiXalkIyV39P5DQ2ZhKHtjOmODTL3kz8z+tmGN0EuVBphlyxxaIokwQTMkuA9IXmDOXEEsq0sLcSNqSaMrQ5lW0I3vLLq6R1WfPcmvdwVa3fFnGU4BTO4AI8uIY63EMDmsDgCZ7hFd6csfPivDsfi9Y1p5g5gT9wPn8A5H2SKQ==</latexit><latexit sha1_base64="GD4LYO4bAOTfkQJXvwNieQ/KM4M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEl5ENOBEpFgFK0U+Hnup0Mx7QniT3uVqltz5yCrxCtIFQo0epUvv5+wLOYKmaTGdD03xSCnGgWTfFr2M8NTykZ0wLuWKhpzE+Tzo6fk3Cp9EiXalkIyV39P5DQ2ZhKHtjOmODTL3kz8z+tmGN0EuVBphlyxxaIokwQTMkuA9IXmDOXEEsq0sLcSNqSaMrQ5lW0I3vLLq6R1WfPcmvdwVa3fFnGU4BTO4AI8uIY63EMDmsDgCZ7hFd6csfPivDsfi9Y1p5g5gT9wPn8A5H2SKQ==</latexit>

Ci,j = h�i, �̃ji
<latexit sha1_base64="zDYsBZtE+WVtmuvGrgyHK4+yyrA=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwUcpMEXQjFLtxWcE+oFOGTHrbps1khiQjlKH/4cZfceNCEVeCC//GtJ2Fth64cHLOveTeE8ScKe0431ZubX1jcyu/XdjZ3ds/sA+PmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY12Z+6wGkYpG415MYuiEZCNZnlGgj+Xal5qesNJria+xxIgYccOrFQzb1WcnTjPcge46wJxe+bxedsjMHXiVuRoooQ923P71eRJMQhKacKNVxnVh3UyI1oxymBS9REBM6JgPoGCpICKqbzm+b4jOj9HA/kqaExnP190RKQqUmYWA6Q6KHatmbif95nUT3r7opE3GiQdDFR/2EYx3hWVC4xyRQzSeGECqZ2RXTIZGEahNnwYTgLp+8SpqVsuuU3buLYvUmiyOPTtApOkcuukRVdIvqqIEoekTP6BW9WU/Wi/VufSxac1Y2c4z+wPr6AXH7oQ4=</latexit><latexit sha1_base64="zDYsBZtE+WVtmuvGrgyHK4+yyrA=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwUcpMEXQjFLtxWcE+oFOGTHrbps1khiQjlKH/4cZfceNCEVeCC//GtJ2Fth64cHLOveTeE8ScKe0431ZubX1jcyu/XdjZ3ds/sA+PmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY12Z+6wGkYpG415MYuiEZCNZnlGgj+Xal5qesNJria+xxIgYccOrFQzb1WcnTjPcge46wJxe+bxedsjMHXiVuRoooQ923P71eRJMQhKacKNVxnVh3UyI1oxymBS9REBM6JgPoGCpICKqbzm+b4jOj9HA/kqaExnP190RKQqUmYWA6Q6KHatmbif95nUT3r7opE3GiQdDFR/2EYx3hWVC4xyRQzSeGECqZ2RXTIZGEahNnwYTgLp+8SpqVsuuU3buLYvUmiyOPTtApOkcuukRVdIvqqIEoekTP6BW9WU/Wi/VufSxac1Y2c4z+wPr6AXH7oQ4=</latexit><latexit sha1_base64="zDYsBZtE+WVtmuvGrgyHK4+yyrA=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwUcpMEXQjFLtxWcE+oFOGTHrbps1khiQjlKH/4cZfceNCEVeCC//GtJ2Fth64cHLOveTeE8ScKe0431ZubX1jcyu/XdjZ3ds/sA+PmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY12Z+6wGkYpG415MYuiEZCNZnlGgj+Xal5qesNJria+xxIgYccOrFQzb1WcnTjPcge46wJxe+bxedsjMHXiVuRoooQ923P71eRJMQhKacKNVxnVh3UyI1oxymBS9REBM6JgPoGCpICKqbzm+b4jOj9HA/kqaExnP190RKQqUmYWA6Q6KHatmbif95nUT3r7opE3GiQdDFR/2EYx3hWVC4xyRQzSeGECqZ2RXTIZGEahNnwYTgLp+8SpqVsuuU3buLYvUmiyOPTtApOkcuukRVdIvqqIEoekTP6BW9WU/Wi/VufSxac1Y2c4z+wPr6AXH7oQ4=</latexit><latexit sha1_base64="zDYsBZtE+WVtmuvGrgyHK4+yyrA=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwUcpMEXQjFLtxWcE+oFOGTHrbps1khiQjlKH/4cZfceNCEVeCC//GtJ2Fth64cHLOveTeE8ScKe0431ZubX1jcyu/XdjZ3ds/sA+PmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY12Z+6wGkYpG415MYuiEZCNZnlGgj+Xal5qesNJria+xxIgYccOrFQzb1WcnTjPcge46wJxe+bxedsjMHXiVuRoooQ923P71eRJMQhKacKNVxnVh3UyI1oxymBS9REBM6JgPoGCpICKqbzm+b4jOj9HA/kqaExnP190RKQqUmYWA6Q6KHatmbif95nUT3r7opE3GiQdDFR/2EYx3hWVC4xyRQzSeGECqZ2RXTIZGEahNnwYTgLp+8SpqVsuuU3buLYvUmiyOPTtApOkcuukRVdIvqqIEoekTP6BW9WU/Wi/VufSxac1Y2c4z+wPr6AXH7oQ4=</latexit>
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Self functional maps

Halimi & K. 2018



Halimi & K. 2018
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Litany, Remez, Rodola, A Bronstein, M Bronstein ICCV’17
Halimi, Litany, Rodola, A Bronstein, K. CVPR’19
Roufosse, Sharma, Ovsjanikov, ICCV’19

X SHOT  

Y

�
<latexit sha1_base64="zefPGipwGQ95bNuC6lkcuSGUNI8=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQmzEyEEvoYblwo0q3v4d6N+DYmbRfa+sPAx/+fw5xzwoQzbRzn21pZXVvf2Cxt2ds7u3v75YPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vC3y9iNVmknxYEYJDWLcFyxiBJvc8jI/jJDfGLCx3S1XnKozFVoGdw6V6w/7Kpl82Y1u+dPvSZLGVBjCsdae6yQmyLAyjHA6tv1U0wSTIe5TL0eBY6qDbDryGJ3mTg9FUuVPGDR1f3dkONZ6FId5ZYzNQC9mhflf5qUmugwyJpLUUEFmH0UpR0aiYn/UY4oSw0c5YKJYPisiA6wwMfmViiO4iysvQ6tWdc+rtXunUr+BmUpwDCdwBi5cQB3uoAFNICDhCV7g1TLWs/VmTWalK9a85wj+yHr/Acqck+w=</latexit>

 
<latexit sha1_base64="ba3nzkvUltyFrlZewuWw51lVE5w=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQSZiZCCX0MNy4U6db3cO9GfBsnbRfa+sPAx/+fw5xzwpQzpR3n21pZXVvf2Cxt2ds7u3v75YPDlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD4W2Rtx+pVCwRD3qU0iDGfcEiRrA2lpf7YYT8hmJju1uuOFVnKrQM7hwq1x/2VTr5shvd8qffS0gWU6EJx0p5rpPqIMdSM8Lp2PYzRVNMhrhPPYMCx1QF+XTkMTo1Tg9FiTRPaDR1f3fkOFZqFIemMsZ6oBazwvwv8zIdXQY5E2mmqSCzj6KMI52gYn/UY5ISzUcGMJHMzIrIAEtMtLlScQR3ceVlaNWq7nm1du9U6jcwUwmO4QTOwIULqMMdNKAJBBJ4ghd4tbT1bL1Zk1npijXvOYI/st5/ANtpk/c=</latexit>

C = (↵\�)T
<latexit sha1_base64="ahsgCAlxJPyV8MErDr1b7m1m/qg=">AAACKHicbVDLSgMxFM34rPVVdekmWIS6KTNV0I1Y7MZlhb6gU8udNNOGZh4kGaEM8zlu/BU3Iop065eYaWdhWy+EHM65z+OEnEllmlNjbX1jc2s7t5Pf3ds/OCwcHbdkEAlCmyTggeg4IClnPm0qpjjthIKC53Dadsa1VG8/UyFZ4DfUJKQ9D4Y+cxkBpal+4S62HRfXEnyLS7YT8IGcePqLbeDhCBLbATKWHORoQXSoguTiqZHP9wtFs2zOAq8CKwNFlEW9X/iwBwGJPOorovvKrmWGqheDUIxwmuTtSNJQD4Uh7Wrog0dlL54dmuBzzQywGwj9fIVn7N+KGDyZ7qgzPVAjuayl5H9aN1LuTS9mfhgp6pP5IDfiWAU4dQ0PmKBE8YkGQATTu2IyAgFEaW9TE6zlk1dBq1K2LsuVx6ti9T6zI4dO0RkqIQtdoyp6QHXURAS9oDf0ib6MV+Pd+Dam89Q1I6s5QQth/PwCNnimsA==</latexit>

↵
<latexit sha1_base64="FIPqEvYgGCU8viz1+7ji7swA6JI=">AAAB/nicbVDLSsNAFJ34rPEVFVdugkVwVZIq6LLoxmUF+4AmlJvJtB06mQkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ0oZVdrzvq2V1bX1jc3Klr29s7u37xwctpXIJCYtLJiQ3QgUYZSTlqaakW4qCSQRI51ofFv4nUciFRX8QU9SEiYw5HRAMWgj9Z3jIBIsVpPEXHkALB3B1Lb7TtWreTO4y8QvSRWVaPadryAWOEsI15iBUj3fS3WYg9QUMzK1g0yRFPAYhqRnKIeEqDCfxZ+6Z0aJ3YGQ5nDtztTfGzkkqkhoJhPQI7XoFeJ/Xi/Tg+swpzzNNOF4/tAgY64WbtGFG1NJsGYTQwBLarK6eAQSsDaNFSX4i19eJu16zb+o1e8vq42bso4KOkGn6Bz56Ao10B1qohbCKEfP6BW9WU/Wi/VufcxHV6xy5wj9gfX5AwZYlYI=</latexit>

�
<latexit sha1_base64="TFdKTiElMe9IsNnApgc6bsev2bY=">AAAB/XicbVDNS8MwHE3n16xf9ePmJTgET6Odgh6HXjxOcB+wlpGm6RaWJiVJhVmG/4oXD4p49f/w5n9juvWgmw9CHu/9fuTlhSmjSrvut1VZWV1b36hu2lvbO7t7zv5BR4lMYtLGggnZC5EijHLS1lQz0kslQUnISDcc3xR+94FIRQW/15OUBAkachpTjLSRBs6RHwoWqUlirtwPiUZT2x44NbfuzgCXiVeSGijRGjhffiRwlhCuMUNK9T031UGOpKaYkantZ4qkCI/RkPQN5SghKshn6afw1CgRjIU0h2s4U39v5ChRRUAzmSA9UoteIf7n9TMdXwU55WmmCcfzh+KMQS1gUQWMqCRYs4khCEtqskI8QhJhbQorSvAWv7xMOo26d15v3F3UmtdlHVVwDE7AGfDAJWiCW9ACbYDBI3gGr+DNerJerHfrYz5ascqdQ/AH1ucPOCSVDg==</latexit>

P = (| C�T |^)�
<latexit sha1_base64="WkAzWRQo9yrXxNNNmJ8U+PP2z3o=">AAACGnicbZDLSsNAFIYn9VbrLerSzWAR6qYkVdCNUOzGZYTeoGnLZDpph04mYWYilDTP4cZXceNCEXfixrdx2mahrT8MfPznHM6c34sYlcqyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TljWuzeuuBCElDXleTiHQDNOTUpxgpbfVNO3E9HzopvClN55i4jqSwBl1nRNO0V5/2XIb44LyXuJgKnBb6ZtEqW3PBVbAzKIJMTt/8dAchjgPCFWZIyo5tRaqbIKEoZiQtuLEkEcJjNCQdjRwFRHaT+WkpPNPOAPqh0I8rOHd/TyQokHISeLozQGokl2sz879aJ1b+dTehPIoV4XixyI8ZVCGc5QQHVBCs2EQDwoLqv0I8QgJhpdOchWAvn7wKzUrZvihX7i+L1dssjjw4AaegBGxwBargDjigATB4BM/gFbwZT8aL8W58LFpzRjZzDP7I+PoBgKOf7w==</latexit>

NN

SHOT NN

FM-Net

luns(X ,Y) = kDX � PDYP
T k

<latexit sha1_base64="0T6p/Y+JevK/O9cLnHb9nYFX6ek="></latexit>

Ovsjanikov et al. 2012

Unsupervised 
Functional Maps-Net



Aligning scale-invariant 
LBO eigenfunctions

Bracha, Halimi, K. 3DOR’20

X

Y RT
<latexit sha1_base64="vVXqVNp+dtbynksnYHuk2e7OF5c=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsqfUETy2Q6aYdOJmFmIpTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaT29zvPlGpWCxaeppQP8IjwUJGsDaSh7wI63EQoofH1sCuOjVnDrRK3IJUoUBzYH95w5ikERWacKxU33US7WdYakY4nVW8VNEEkwke0b6hAkdU+dk88wydGWWIwliaJzSaq783MhwpNY0CM5lHVMteLv7n9VMdXvsZE0mqqSCLQ2HKkY5RXgAaMkmJ5lNDMJHMZEVkjCUm2tRUMSW4y19eJZ16zb2o1e8vq42boo4ynMApnIMLV9CAO2hCGwgk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gAJ9pEI</latexit>

`(R)
<latexit sha1_base64="LlQl6nnrrWP8ZZh0WvJWoHNMNa4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEilCSutBl0Y3LKvYBTSmT6aQdOpmEmYkQQ//CnRsXirj1U9z1b5w+Ftp64MLhnHu59x4/5kxpx5lYubX1jc2t/HZhZ3dvv2gfHDZVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y9upn7rkUrFIvGg05h2QzwQLGAEayP17KJHOUflzPMDhO7HZz275FScGdAqcRekVDvxzp8ntbTes7+9fkSSkApNOFaq4zqx7mZYakY4HRe8RNEYkxEe0I6hAodUdbPZ4WN0apQ+CiJpSmg0U39PZDhUKg190xliPVTL3lT8z+skOrjqZkzEiaaCzBcFCUc6QtMUUJ9JSjRPDcFEMnMrIkMsMdEmq4IJwV1+eZU0qxX3olK9M2lcwxx5OIYTKIMLl1CDW6hDAwgk8AJv8G49Wa/Wh/U5b81Zi5kj+APr6wcT1ZUI</latexit>

h�̃R,�i
<latexit sha1_base64="1O72rtbieF4ZiAHOovMSATHYUAY=">AAACInicbVDLSgMxFM3UV62vqks3oUUQlDJTF+qu6MZlFfuATimZ9E4bmskMSUYoQ//CvRt/xY0LRV0V/BgzbQVtPRA4Oede7r3HizhT2rbHVmZpeWV1Lbue29jc2t7J7+7VVRhLCjUa8lA2PaKAMwE1zTSHZiSBBB6Hhje4Sv3GPUjFQnGnhxG0A9ITzGeUaCN18hcuJ6LHAbua8S7gxPV87Fb7bITdgOi++d2eTMQfVU7rc5180S7ZE+BF4sxIsVJwjx/GlWG1k/9wuyGNAxCacqJUy7Ej3U6I1IxyGOXcWEFE6ID0oGWoIAGodjI5cYQPjdLFfijNExpP1N8dCQmUGgaeqUzXVvNeKv7ntWLtn7cTJqJYg6DTQX7MsQ5xmhfuMglU86EhhEpmdsW0TySh2qSahuDMn7xI6uWSc1oq35g0LtEUWXSACugIOegMVdA1qqIaougRPaNX9GY9WS/Wu/U5Lc1Ys5599AfW1zcLVaWu</latexit>

�̃
<latexit sha1_base64="RfbYrYeGfIuCNa85yYKe7vp5vaw=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFclaQudCMW3bisYB/QhDKZ3LRDJw9mJmIJ+RU3XSji1m9w70b8G6ePhbYeuHA4517uvcdPOZPKtr+NldW19Y3N0pa5vbO7t28dlFsyyQSFJk14Ijo+kcBZDE3FFIdOKoBEPoe2P7yZ+O0HEJIl8b0apeBFpB+zkFGitNSzyq5iPACcu36I3caAFbhnVeyqPQVeJs6cVK4+zMt0/GU2etanGyQ0iyBWlBMpu46dKi8nQjHKoTDdTEJK6JD0oatpTCKQXj69vcAnWglwmAhdscJT9fdETiIpR5GvOyOiBnLRm4j/ed1MhRdezuI0UxDT2aIw41gleBIEDpgAqvhIE0IF07diOiCCUKXjMnUIzuLLy6RVqzpn1dqdXalfoxlK6Agdo1PkoHNUR7eogZqIokf0hJ7Ri1EYY+PVeJu1rhjzmUP0B8b7D2sllwc=</latexit> R

<latexit sha1_base64="+l2iJmj4nsj+8L3wFLirPKLHKSg=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUV+8C2lEx6pw3NZIYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI/lgJjH2QjqUPOCMGis9dkNqRn6Q3k/7pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpViveeaV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kDxMmQ+g==</latexit>

�
<latexit sha1_base64="zefPGipwGQ95bNuC6lkcuSGUNI8=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQmzEyEEvoYblwo0q3v4d6N+DYmbRfa+sPAx/+fw5xzwoQzbRzn21pZXVvf2Cxt2ds7u3v75YPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vC3y9iNVmknxYEYJDWLcFyxiBJvc8jI/jJDfGLCx3S1XnKozFVoGdw6V6w/7Kpl82Y1u+dPvSZLGVBjCsdae6yQmyLAyjHA6tv1U0wSTIe5TL0eBY6qDbDryGJ3mTg9FUuVPGDR1f3dkONZ6FId5ZYzNQC9mhflf5qUmugwyJpLUUEFmH0UpR0aiYn/UY4oSw0c5YKJYPisiA6wwMfmViiO4iysvQ6tWdc+rtXunUr+BmUpwDCdwBi5cQB3uoAFNICDhCV7g1TLWs/VmTWalK9a85wj+yHr/Acqck+w=</latexit>

 
<latexit sha1_base64="ba3nzkvUltyFrlZewuWw51lVE5w=">AAAB8nicbZDLSsNAFIZPvNZ4q7p0M1gEVyWpC92IRTcuK9gLJKFMppN26GQSZiZCCX0MNy4U6db3cO9GfBsnbRfa+sPAx/+fw5xzwpQzpR3n21pZXVvf2Cxt2ds7u3v75YPDlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD4W2Rtx+pVCwRD3qU0iDGfcEiRrA2lpf7YYT8hmJju1uuOFVnKrQM7hwq1x/2VTr5shvd8qffS0gWU6EJx0p5rpPqIMdSM8Lp2PYzRVNMhrhPPYMCx1QF+XTkMTo1Tg9FiTRPaDR1f3fkOFZqFIemMsZ6oBazwvwv8zIdXQY5E2mmqSCzj6KMI52gYn/UY5ISzUcGMJHMzIrIAEtMtLlScQR3ceVlaNWq7nm1du9U6jcwUwmO4QTOwIULqMMdNKAJBBJ4ghd4tbT1bL1Zk1npijXvOYI/st5/ANtpk/c=</latexit>

 ̃
<latexit sha1_base64="lvqG0bZddJAjrB5lmZZO4hcISxk=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFclaQudCMW3bisYB/QhDKZ3LRDJw9mJmIJ/RU3XSji1m9w70b8GydtF9p64MLhnHu59x4/5Uwq2/42VlbX1jc2S1vm9s7u3r51UG7JJBMUmjThiej4RAJnMTQVUxw6qQAS+Rza/vCm8NsPICRL4ns1SsGLSD9mIaNEaalnlV3FeAA4d/0Quw3JxmbPqthVewq8TJw5qVx9mJfp5Mts9KxPN0hoFkGsKCdSdh07VV5OhGKUw9h0MwkpoUPSh66mMYlAevn09jE+0UqAw0ToihWeqr8nchJJOYp83RkRNZCLXiH+53UzFV54OYvTTEFMZ4vCjGOV4CIIHDABVPGRJoQKpm/FdEAEoUrHVYTgLL68TFq1qnNWrd3Zlfo1mqGEjtAxOkUOOkd1dIsaqIkoekRP6Bm9GGNjYrwab7PWFWM+c4j+wHj/AVqalvw=</latexit>

⇧
<latexit sha1_base64="bQ6OcWQXnEu5rrZ1LgfaeHsycD4=">AAAB7nicbZC7SgNBFIbPeo3rLWppMxgEq7AbC23EoI1lBHOB7BJmJ7PJkNnZYWZWCEsewsZCEQsb38TeRnwbJ5dCE38Y+Pj/c5hzTiQ508bzvp2l5ZXVtfXChru5tb2zW9zbb+g0U4TWScpT1YqwppwJWjfMcNqSiuIk4rQZDa7HefOeKs1ScWeGkoYJ7gkWM4KNtZpBFKOgxjrFklf2JkKL4M+gdPnhXsi3L7fWKX4G3ZRkCRWGcKx12/ekCXOsDCOcjtwg01RiMsA92rYocEJ1mE/GHaFj63RRnCr7hEET93dHjhOth0lkKxNs+no+G5v/Ze3MxOdhzoTMDBVk+lGccWRSNN4ddZmixPChBUwUs7Mi0scKE2Mv5Noj+PMrL0KjUvZPy5Vbr1S9gqkKcAhHcAI+nEEVbqAGdSAwgAd4gmdHOo/Oi/M6LV1yZj0H8EfO+w8E5ZJa</latexit>

h ̃RT , i
<latexit sha1_base64="AzQGNwdp2AMOvNdnc39BP7ZLF6M=">AAACI3icbVDLSgMxFM34rPU16tJNsAgupMxUQXFVdOOySl/QqSWT3mlDM5khyQhl6L+48VfcuFCKGxf+i5m2i9p6IHBy7j3ce48fc6a043xbK6tr6xubua389s7u3r59cFhXUSIp1GjEI9n0iQLOBNQ00xyasQQS+hwa/uAuqzeeQSoWiaoextAOSU+wgFGijdSxbzxORI8D9jTjXUg9P8DYqyg2wl5IdN98H5+q53O6J6eGfMcuOEVnArxM3BkpoBkqHXvsdSOahCA05USpluvEup0SqRnlMMp7iYKY0AHpQctQQUJQ7XRy4wifGqWLg0iaJzSeqPOOlIRKDUPfdGZ7q8VaJv5XayU6uG6nTMSJBkGng4KEYx3hLDDcZRKo5kNDCJXM7Ippn0hCtYk1C8FdPHmZ1EtF96JYergslG9nceTQMTpBZ8hFV6iM7lEF1RBFL+gNfaBP69V6t8bW17R1xZp5jtAfWD+/LlCjVQ==</latexit>

C = (↵\�)T
<latexit sha1_base64="ahsgCAlxJPyV8MErDr1b7m1m/qg=">AAACKHicbVDLSgMxFM34rPVVdekmWIS6KTNV0I1Y7MZlhb6gU8udNNOGZh4kGaEM8zlu/BU3Iop065eYaWdhWy+EHM65z+OEnEllmlNjbX1jc2s7t5Pf3ds/OCwcHbdkEAlCmyTggeg4IClnPm0qpjjthIKC53Dadsa1VG8/UyFZ4DfUJKQ9D4Y+cxkBpal+4S62HRfXEnyLS7YT8IGcePqLbeDhCBLbATKWHORoQXSoguTiqZHP9wtFs2zOAq8CKwNFlEW9X/iwBwGJPOorovvKrmWGqheDUIxwmuTtSNJQD4Uh7Wrog0dlL54dmuBzzQywGwj9fIVn7N+KGDyZ7qgzPVAjuayl5H9aN1LuTS9mfhgp6pP5IDfiWAU4dQ0PmKBE8YkGQATTu2IyAgFEaW9TE6zlk1dBq1K2LsuVx6ti9T6zI4dO0RkqIQtdoyp6QHXURAS9oDf0ib6MV+Pd+Dam89Q1I6s5QQth/PwCNnimsA==</latexit>

↵
<latexit sha1_base64="FIPqEvYgGCU8viz1+7ji7swA6JI=">AAAB/nicbVDLSsNAFJ34rPEVFVdugkVwVZIq6LLoxmUF+4AmlJvJtB06mQkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ0oZVdrzvq2V1bX1jc3Klr29s7u37xwctpXIJCYtLJiQ3QgUYZSTlqaakW4qCSQRI51ofFv4nUciFRX8QU9SEiYw5HRAMWgj9Z3jIBIsVpPEXHkALB3B1Lb7TtWreTO4y8QvSRWVaPadryAWOEsI15iBUj3fS3WYg9QUMzK1g0yRFPAYhqRnKIeEqDCfxZ+6Z0aJ3YGQ5nDtztTfGzkkqkhoJhPQI7XoFeJ/Xi/Tg+swpzzNNOF4/tAgY64WbtGFG1NJsGYTQwBLarK6eAQSsDaNFSX4i19eJu16zb+o1e8vq42bso4KOkGn6Bz56Ao10B1qohbCKEfP6BW9WU/Wi/VufcxHV6xy5wj9gfX5AwZYlYI=</latexit>

�
<latexit sha1_base64="TFdKTiElMe9IsNnApgc6bsev2bY=">AAAB/XicbVDNS8MwHE3n16xf9ePmJTgET6Odgh6HXjxOcB+wlpGm6RaWJiVJhVmG/4oXD4p49f/w5n9juvWgmw9CHu/9fuTlhSmjSrvut1VZWV1b36hu2lvbO7t7zv5BR4lMYtLGggnZC5EijHLS1lQz0kslQUnISDcc3xR+94FIRQW/15OUBAkachpTjLSRBs6RHwoWqUlirtwPiUZT2x44NbfuzgCXiVeSGijRGjhffiRwlhCuMUNK9T031UGOpKaYkantZ4qkCI/RkPQN5SghKshn6afw1CgRjIU0h2s4U39v5ChRRUAzmSA9UoteIf7n9TMdXwU55WmmCcfzh+KMQS1gUQWMqCRYs4khCEtqskI8QhJhbQorSvAWv7xMOo26d15v3F3UmtdlHVVwDE7AGfDAJWiCW9ACbYDBI3gGr+DNerJerHfrYz5ascqdQ/AH1ucPOCSVDg==</latexit>

P = (| C�T |^)�
<latexit sha1_base64="WkAzWRQo9yrXxNNNmJ8U+PP2z3o=">AAACGnicbZDLSsNAFIYn9VbrLerSzWAR6qYkVdCNUOzGZYTeoGnLZDpph04mYWYilDTP4cZXceNCEXfixrdx2mahrT8MfPznHM6c34sYlcqyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TljWuzeuuBCElDXleTiHQDNOTUpxgpbfVNO3E9HzopvClN55i4jqSwBl1nRNO0V5/2XIb44LyXuJgKnBb6ZtEqW3PBVbAzKIJMTt/8dAchjgPCFWZIyo5tRaqbIKEoZiQtuLEkEcJjNCQdjRwFRHaT+WkpPNPOAPqh0I8rOHd/TyQokHISeLozQGokl2sz879aJ1b+dTehPIoV4XixyI8ZVCGc5QQHVBCs2EQDwoLqv0I8QgJhpdOchWAvn7wKzUrZvihX7i+L1dssjjw4AaegBGxwBargDjigATB4BM/gFbwZT8aL8W58LFpzRjZzDP7I+PoBgKOf7w==</latexit>

=

luns(X ,Y) = kDX � PDYP
T k

<latexit sha1_base64="0T6p/Y+JevK/O9cLnHb9nYFX6ek="></latexit>

NN-FREE



$
<latexit sha1_base64="l03E+fsfP3P5cJxjPutFe9D60ec=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInspuFfRY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7gkWg+XAERGv12HcrXtWbA68SPycVlKPRd796A0XTmEmgghjT9b0Egoxo4FSwaamXGpYQOiZD1rVUkpiZIJsfPsWnVhngSGlbEvBc/T2RkdiYSRzazpjAyCx7M/E/r5tCdBVkXCYpMEkXi6JUYFB4lgIecM0oiIklhGpub8V0RDShYLMq2RD85ZdXSatW9c+rtbuLSv06j6OIjtEJOkM+ukR1dIsaqIkoStEzekVvzpPz4rw7H4vWgpPPHKE/cD5/AGukk5U=</latexit>

$
<latexit sha1_base64="l03E+fsfP3P5cJxjPutFe9D60ec=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInspuFfRY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7gkWg+XAERGv12HcrXtWbA68SPycVlKPRd796A0XTmEmgghjT9b0Egoxo4FSwaamXGpYQOiZD1rVUkpiZIJsfPsWnVhngSGlbEvBc/T2RkdiYSRzazpjAyCx7M/E/r5tCdBVkXCYpMEkXi6JUYFB4lgIecM0oiIklhGpub8V0RDShYLMq2RD85ZdXSatW9c+rtbuLSv06j6OIjtEJOkM+ukR1dIsaqIkoStEzekVvzpPz4rw7H4vWgpPPHKE/cD5/AGukk5U=</latexit>

$
<latexit sha1_base64="l03E+fsfP3P5cJxjPutFe9D60ec=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInspuFfRY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7gkWg+XAERGv12HcrXtWbA68SPycVlKPRd796A0XTmEmgghjT9b0Egoxo4FSwaamXGpYQOiZD1rVUkpiZIJsfPsWnVhngSGlbEvBc/T2RkdiYSRzazpjAyCx7M/E/r5tCdBVkXCYpMEkXi6JUYFB4lgIecM0oiIklhGpub8V0RDShYLMq2RD85ZdXSatW9c+rtbuLSv06j6OIjtEJOkM+ukR1dIsaqIkoStEzekVvzpPz4rw7H4vWgpPPHKE/cD5/AGukk5U=</latexit>

$
<latexit sha1_base64="l03E+fsfP3P5cJxjPutFe9D60ec=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInspuFfRY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7gkWg+XAERGv12HcrXtWbA68SPycVlKPRd796A0XTmEmgghjT9b0Egoxo4FSwaamXGpYQOiZD1rVUkpiZIJsfPsWnVhngSGlbEvBc/T2RkdiYSRzazpjAyCx7M/E/r5tCdBVkXCYpMEkXi6JUYFB4lgIecM0oiIklhGpub8V0RDShYLMq2RD85ZdXSatW9c+rtbuLSv06j6OIjtEJOkM+ukR1dIsaqIkoStEzekVvzpPz4rw7H4vWgpPPHKE/cD5/AGukk5U=</latexit>
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