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What is Representation Learning?



A historical perspective
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We could train a new 
model from scratch…
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Benefits: Better performance from less data, less compute, fast…



Conclusion: Representation Learning =  
Pre-training a model for later fine-tuning

Given a signal, extract a latent representation of it that is useful to 
downstream tasks.
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How do we test if a representation is “good”?

• Dimensionality Reduction & Visualization
• Check downstream task performance of features
• Train small “linear probe” on top of representation
• Fine-tune network for some downstream task
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From Neural Feature Fusion Fields: 3D Distillation of Self-Supervised 2D Image Representations 



From DinoV2: Learning Robust Visual Features without Supervision, Oquab et al. 2024



From DINO (Emerging Properties in Self-
Supervised Vision Transformers), Caron et al. 

2021



From DinoV2: Learning Robust Visual Features without Supervision, Oquab et al. 2024
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Self-supervised learning

Common trick: 

• Convert “unsupervised” problem 
into “supervised” empirical risk 
minimization

Escher, 1948

Foundations of Computer Vision Torralba, Isola, Freeman 2024



Self-supervised learning

Common trick: 

• Convert “unsupervised” problem 
into “supervised” empirical risk 
minimization

• Do so by cooking up “labels” 
(prediction targets) from the raw 
data itself — called pretext task

Escher, 1948

Foundations of Computer Vision Torralba, Isola, Freeman 2024



Data compression

Data Data

Foundations of Computer Vision Torralba, Isola, Freeman 2024

xx̂



Label prediction

Data

Label
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Data prediction 
aka “self-supervised learning”

Some data Other data

X1

X̂2

Foundations of Computer Vision Torralba, Isola, Freeman 2024
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Bird

c

c

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

c

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

Pretext task:
<latexit sha1_base64="VMeuvc2vfyA+AHAzkYocCSFdoSw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHZzUTwFvXiMYB6QLGF20psMmX0w0ysuS/wVLx4U8eqHePNvnCR70MSChqKqm+4uP5FCo+N8W2vrG5tb26Wd8u7e/sGhfXTc1nGqOLR4LGPV9ZkGKSJooUAJ3UQBC30JHX9yM/M7D6C0iKN7zBLwQjaKRCA4QyMN7Ere9wPaVIDwiBSZnkyvBnbVqTlz0FXiFqRKCjQH9ld/GPM0hAi5ZFr3XCdBL2cKBZcwLfdTDQnjEzaCnqERC0F7+fz4KT0zypAGsTIVIZ2rvydyFmqdhb7pDBmO9bI3E//zeikGl14uoiRFiPhiUZBKijGdJUGHQgFHmRnCuBLmVsrHTDGOJq+yCcFdfnmVtOs116m5d/Vq47qIo0ROyCk5Jy65IA1yS5qkRTjJyDN5JW/Wk/VivVsfi9Y1q5ipkD+wPn8AbtqUnA==</latexit><latexit sha1_base64="fnleugXJCTQ80HYdhUMPkE4rjgg=">AAACIXicjVC7SgNBFJ2NrxhfqyltBoNgFXbTKFZBG8sI5gHJEmYnd5Mhsw9m7orLkm+xsPFXbETSiT/j5FFoYuGBgcM553LnHj+RQqPjfFqFjc2t7Z3ibmlv/+DwyD4+aek4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vp357UdQWsTRA2YJeCEbRiIQnKGR+nY57/kBbShAeEKKTI8n13274lSdOeg6cZekQpb4X7xvT3uDmKchRMgl07rrOgl6OVMouIRJqZdqSBgfsyF0DY1YCNrL5xdO6LlRBjSIlXkR0rn6cyJnodZZ6JtkyHCkV72Z+JfXTTG48nIRJSlCxBeLglRSjOmsLjoQCjjKzBDGlTB/pXzEFONoSi2Z093VQ9dJq1Z1nap7X6vUb5adFckpOSMXxCWXpE7uSIM0CScZeSav5N16sd6sD2u6iBas5UyZ/IL19Q3WDJwV</latexit><latexit sha1_base64="fnleugXJCTQ80HYdhUMPkE4rjgg=">AAACIXicjVC7SgNBFJ2NrxhfqyltBoNgFXbTKFZBG8sI5gHJEmYnd5Mhsw9m7orLkm+xsPFXbETSiT/j5FFoYuGBgcM553LnHj+RQqPjfFqFjc2t7Z3ibmlv/+DwyD4+aek4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vp357UdQWsTRA2YJeCEbRiIQnKGR+nY57/kBbShAeEKKTI8n13274lSdOeg6cZekQpb4X7xvT3uDmKchRMgl07rrOgl6OVMouIRJqZdqSBgfsyF0DY1YCNrL5xdO6LlRBjSIlXkR0rn6cyJnodZZ6JtkyHCkV72Z+JfXTTG48nIRJSlCxBeLglRSjOmsLjoQCjjKzBDGlTB/pXzEFONoSi2Z093VQ9dJq1Z1nap7X6vUb5adFckpOSMXxCWXpE7uSIM0CScZeSav5N16sd6sD2u6iBas5UyZ/IL19Q3WDJwV</latexit><latexit sha1_base64="fnleugXJCTQ80HYdhUMPkE4rjgg=">AAACIXicjVC7SgNBFJ2NrxhfqyltBoNgFXbTKFZBG8sI5gHJEmYnd5Mhsw9m7orLkm+xsPFXbETSiT/j5FFoYuGBgcM553LnHj+RQqPjfFqFjc2t7Z3ibmlv/+DwyD4+aek4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vp357UdQWsTRA2YJeCEbRiIQnKGR+nY57/kBbShAeEKKTI8n13274lSdOeg6cZekQpb4X7xvT3uDmKchRMgl07rrOgl6OVMouIRJqZdqSBgfsyF0DY1YCNrL5xdO6LlRBjSIlXkR0rn6cyJnodZZ6JtkyHCkV72Z+JfXTTG48nIRJSlCxBeLglRSjOmsLjoQCjjKzBDGlTB/pXzEFONoSi2Z093VQ9dJq1Z1nap7X6vUb5adFckpOSMXxCWXpE7uSIM0CScZeSav5N16sd6sD2u6iBas5UyZ/IL19Q3WDJwV</latexit>

Future frame
<latexit sha1_base64="fwCVkbDOd4eb7TW7bJhBu/TSUS8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezmosegIB4jmAckS5id9CZDZmeXeQgh5De8eFDEqz/jzb9xkuxBEwsaiqpuuruiTHBtfP/bK2xsbm3vFHdLe/sHh0fl45OWTq1i2GSpSFUnohoFl9g03AjsZAppEglsR+Pbud9+QqV5Kh/NJMMwoUPJY86ocVLvzhqrkMSKJtgvV/yqvwBZJ0FOKpCj0S9/9QYpswlKwwTVuhv4mQmnVBnOBM5KPasxo2xMh9h1VLodOpwubp6RC6cMSJwqV9KQhfp7YkoTrSdJ5DoTakZ61ZuL/3lda+LrcMplZg1KtlwUW0FMSuYBkAFXyIyYOEKZ4u5WwkZUUWZcTCUXQrD68jpp1aqBXw0eapX6TR5HEc7gHC4hgCuowz00oAkMMniGV3jzrPfivXsfy9aCl8+cwh94nz/rjJGW</latexit><latexit sha1_base64="oK+cz4ytpMg0p7jFtqm+JIKUyZI=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkFBLBXMA5IlzE7uJkNmZ5d5CGHJb1jY+Cs2Irbp/Bsnj0ITCy8MHM45l7nnRJng2vj+l7e2vrG5tV3YKe7u7R8clo6OGzq1imGdpSJVrYhqFFxi3XAjsJUppEkksBkNb6Z68wmV5ql8NKMMw4T2JY85o8ZRnVtrrEISK5pgt1T2K/5syCoIFqAMi/mfvVuadHopswlKwwTVuh34mQlzqgxnAsfFjtWYUTakfWw7KN0hOsxnwcbk3DE9EqfKPWnIjP25kdNE61ESOWdCzUAva1PyL61tTXwV5lxm1qBk849iK4hJybQl0uMKmREjByhT3N1K2IAqyozrsuiiB8tBV0GjWgn8SvBQLdeuF50V4BTO4AICuIQa3ME91IFBBs/wCu/ei/fmfXifc+uat9g5gV/jTb4B7pWZDw==</latexit><latexit sha1_base64="oK+cz4ytpMg0p7jFtqm+JIKUyZI=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkFBLBXMA5IlzE7uJkNmZ5d5CGHJb1jY+Cs2Irbp/Bsnj0ITCy8MHM45l7nnRJng2vj+l7e2vrG5tV3YKe7u7R8clo6OGzq1imGdpSJVrYhqFFxi3XAjsJUppEkksBkNb6Z68wmV5ql8NKMMw4T2JY85o8ZRnVtrrEISK5pgt1T2K/5syCoIFqAMi/mfvVuadHopswlKwwTVuh34mQlzqgxnAsfFjtWYUTakfWw7KN0hOsxnwcbk3DE9EqfKPWnIjP25kdNE61ESOWdCzUAva1PyL61tTXwV5lxm1qBk849iK4hJybQl0uMKmREjByhT3N1K2IAqyozrsuiiB8tBV0GjWgn8SvBQLdeuF50V4BTO4AICuIQa3ME91IFBBs/wCu/ei/fmfXifc+uat9g5gV/jTb4B7pWZDw==</latexit><latexit sha1_base64="oK+cz4ytpMg0p7jFtqm+JIKUyZI=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkFBLBXMA5IlzE7uJkNmZ5d5CGHJb1jY+Cs2Irbp/Bsnj0ITCy8MHM45l7nnRJng2vj+l7e2vrG5tV3YKe7u7R8clo6OGzq1imGdpSJVrYhqFFxi3XAjsJUppEkksBkNb6Z68wmV5ql8NKMMw4T2JY85o8ZRnVtrrEISK5pgt1T2K/5syCoIFqAMi/mfvVuadHopswlKwwTVuh34mQlzqgxnAsfFjtWYUTakfWw7KN0hOsxnwcbk3DE9EqfKPWnIjP25kdNE61ESOWdCzUAva1PyL61tTXwV5lxm1qBk849iK4hJybQl0uMKmREjByhT3N1K2IAqyozrsuiiB8tBV0GjWgn8SvBQLdeuF50V4BTO4AICuIQa3ME91IFBBs/wCu/ei/fmfXifc+uat9g5gV/jTb4B7pWZDw==</latexit>

prediction
<latexit sha1_base64="aSn6biRqV0UjC3EIVIsCQDJxChI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmUF+8A2lMnkth06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSATXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6m/vdJ1Sax/LBzBL0IzqWfMQZNVZ6tNmQs5wOqzW37i5A1olXkBoUaA2rX4MwZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni43n5MIqIRnFyj5pyEL9PZHRSOtZFNhkRM1Er3q5+J/XT83o2s+4TFKDki0/GqWCmJjk55OQK2RGzCyhTHG7K2ETqigztqSKLcFbPXmddBp1z617941a86aoowxncA6X4MEVNOEOWtAGBhKe4RXeHO28OO/OxzJacoqZU/gD5/MH6YORDQ==</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit>

Next pixel
<latexit sha1_base64="pT/VeCct1v3OFUoHiASX8DTx3Do=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2VhLBfGByhL3NXLJkb+/Y3ZOEI//CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekKleSwfzCRBP6IDyUPOqLHS4x2ODUn4GEWvVHYr7hxklXg5KUOOeq/01e3HLI1QGiao1h3PTYyfUWU4EzgtdlONCWUjOsCOpZJGqP1sfvGUnFulT8JY2ZKGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+RmXSWpQssWiMBXExGT2PulzhcyIiSWUKW5vJWxIFWXGhlS0IXjLL6+SZrXiuRXvvlquXedxFOAUzuACPLiEGtxCHRrAQMIzvMKbo50X5935WLSuOfnMCfyB8/kDbkiQvQ==</latexit><latexit sha1_base64="WRE7mRP6qbqF747hCsVQFUZhhmY=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrtptAzaWImCeWCyhNnJ3WTI7OwyMysJIX9hYeOv2IjYip1/4yTZQhMLDwwczjmXO/cEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wd1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQwup37jAZXmsbwzowT9iPYkDzmjxkr31zg0JOFDFJ1iyS27M5Bl4mWkBBn+F+8UP9vdmKURSsME1brluYnxx1QZzgROCu1UY0LZgPawZamkEWp/PDtrQk6s0iVhrOyThszUnxNjGmk9igKbjKjp60VvKv7ltVITnvtjLpPUoGTzRWEqiInJtCPS5QqZESNLKFPc/pWwPlWUGdtkwZ7uLR66TOqVsueWvdtKqXqRdZaHIziGU/DgDKpwBTdQAwYSHuEZXp0n58V5c97n0ZyTzRzCLzgf31SOmDY=</latexit><latexit sha1_base64="WRE7mRP6qbqF747hCsVQFUZhhmY=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrtptAzaWImCeWCyhNnJ3WTI7OwyMysJIX9hYeOv2IjYip1/4yTZQhMLDwwczjmXO/cEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wd1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQwup37jAZXmsbwzowT9iPYkDzmjxkr31zg0JOFDFJ1iyS27M5Bl4mWkBBn+F+8UP9vdmKURSsME1brluYnxx1QZzgROCu1UY0LZgPawZamkEWp/PDtrQk6s0iVhrOyThszUnxNjGmk9igKbjKjp60VvKv7ltVITnvtjLpPUoGTzRWEqiInJtCPS5QqZESNLKFPc/pWwPlWUGdtkwZ7uLR66TOqVsueWvdtKqXqRdZaHIziGU/DgDKpwBTdQAwYSHuEZXp0n58V5c97n0ZyTzRzCLzgf31SOmDY=</latexit><latexit sha1_base64="WRE7mRP6qbqF747hCsVQFUZhhmY=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrtptAzaWImCeWCyhNnJ3WTI7OwyMysJIX9hYeOv2IjYip1/4yTZQhMLDwwczjmXO/cEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wd1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQwup37jAZXmsbwzowT9iPYkDzmjxkr31zg0JOFDFJ1iyS27M5Bl4mWkBBn+F+8UP9vdmKURSsME1brluYnxx1QZzgROCu1UY0LZgPawZamkEWp/PDtrQk6s0iVhrOyThszUnxNjGmk9igKbjKjp60VvKv7ltVITnvtjLpPUoGTzRWEqiInJtCPS5QqZESNLKFPc/pWwPlWUGdtkwZ7uLR66TOqVsueWvdtKqXqRdZaHIziGU/DgDKpwBTdQAwYSHuEZXp0n58V5c97n0ZyTzRzCLzgf31SOmDY=</latexit>

prediction
<latexit sha1_base64="aSn6biRqV0UjC3EIVIsCQDJxChI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmUF+8A2lMnkth06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSATXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6m/vdJ1Sax/LBzBL0IzqWfMQZNVZ6tNmQs5wOqzW37i5A1olXkBoUaA2rX4MwZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni43n5MIqIRnFyj5pyEL9PZHRSOtZFNhkRM1Er3q5+J/XT83o2s+4TFKDki0/GqWCmJjk55OQK2RGzCyhTHG7K2ETqigztqSKLcFbPXmddBp1z617941a86aoowxncA6X4MEVNOEOWtAGBhKe4RXeHO28OO/OxzJacoqZU/gD5/MH6YORDQ==</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit>

Class
<latexit sha1_base64="6yuzvSKP6aWjwwcXuyW+Xsj8OV8=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ejk4hETCyTQkO0yhQ3bbbO7NSGE3+DFg8Z49Qd589+4hR4UfMkmL+/NzM68MBVcG9f9dkpb2zu7e+X9ysHh0fFJ9fSso5NMMfRZIhLVC6lGwSX6hhuBvVQhjUOB3XDayv3uEyrNE/loZikGMR1LHnFGjZX8lqBaD6s1t+4uQTaJV5AaFGgPq1+DUcKyGKVh+YC+56YmmFNlOBO4qAwyjSllUzrGvqWSxqiD+XLZBbmyyohEibJPGrJUf3fMaaz1LA5tZUzNRK97ufif189MdBvMuUwzg5KtPooyQUxC8svJiCtkRswsoUxxuythE6ooMzafig3BWz95k3Qadc+tew+NWvOuiKMMF3AJ1+DBDTThHtrgAwMOz/AKb450Xpx352NVWnKKnnP4A+fzB7/fjqA=</latexit><latexit sha1_base64="AME1wh4GpqMNfX+27TMWDz2X0vE=">AAACEXicjVA9SwNBFHznZ4xfUUubxSBYhbs0WgbTWCp4SSA5wt7mXbJkb+/Y3RNCyG+wsPGv2IjY2tn5b9xLrtDEwoGFYeY93s6EqeDauO6Xs7a+sbm1Xdop7+7tHxxWjo5bOskUQ58lIlGdkGoUXKJvuBHYSRXSOBTYDsfN3G8/oNI8kfdmkmIQ06HkEWfUWMlvCqp1v1J1a+4cZJV4BalCgf+N9yufvUHCshilYfmVruemJphSZTgTOCv3Mo0pZWM6xK6lksaog+k80YycW2VAokTZJw2Zqz83pjTWehKHdjKmZqSXvVz8y+tmJroKplymmUHJFoeiTBCTkLweMuAKmRETSyhT3P6VsBFVlBlbYtlG95aDrpJWvea5Ne+uXm1cF52V4BTO4AI8uIQG3MAt+MCAwyM8w6vz5Lw4b877YnTNKXZO4Becj29edZYZ</latexit><latexit sha1_base64="AME1wh4GpqMNfX+27TMWDz2X0vE=">AAACEXicjVA9SwNBFHznZ4xfUUubxSBYhbs0WgbTWCp4SSA5wt7mXbJkb+/Y3RNCyG+wsPGv2IjY2tn5b9xLrtDEwoGFYeY93s6EqeDauO6Xs7a+sbm1Xdop7+7tHxxWjo5bOskUQ58lIlGdkGoUXKJvuBHYSRXSOBTYDsfN3G8/oNI8kfdmkmIQ06HkEWfUWMlvCqp1v1J1a+4cZJV4BalCgf+N9yufvUHCshilYfmVruemJphSZTgTOCv3Mo0pZWM6xK6lksaog+k80YycW2VAokTZJw2Zqz83pjTWehKHdjKmZqSXvVz8y+tmJroKplymmUHJFoeiTBCTkLweMuAKmRETSyhT3P6VsBFVlBlbYtlG95aDrpJWvea5Ne+uXm1cF52V4BTO4AI8uIQG3MAt+MCAwyM8w6vz5Lw4b877YnTNKXZO4Becj29edZYZ</latexit><latexit sha1_base64="AME1wh4GpqMNfX+27TMWDz2X0vE=">AAACEXicjVA9SwNBFHznZ4xfUUubxSBYhbs0WgbTWCp4SSA5wt7mXbJkb+/Y3RNCyG+wsPGv2IjY2tn5b9xLrtDEwoGFYeY93s6EqeDauO6Xs7a+sbm1Xdop7+7tHxxWjo5bOskUQ58lIlGdkGoUXKJvuBHYSRXSOBTYDsfN3G8/oNI8kfdmkmIQ06HkEWfUWMlvCqp1v1J1a+4cZJV4BalCgf+N9yufvUHCshilYfmVruemJphSZTgTOCv3Mo0pZWM6xK6lksaog+k80YycW2VAokTZJw2Zqz83pjTWehKHdjKmZqSXvVz8y+tmJroKplymmUHJFoeiTBCTkLweMuAKmRETSyhT3P6VsBFVlBlbYtlG95aDrpJWvea5Ne+uXm1cF52V4BTO4AI8uIQG3MAt+MCAwyM8w6vz5Lw4b877YnTNKXZO4Becj29edZYZ</latexit>

prediction
<latexit sha1_base64="aSn6biRqV0UjC3EIVIsCQDJxChI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmUF+8A2lMnkth06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSATXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6m/vdJ1Sax/LBzBL0IzqWfMQZNVZ6tNmQs5wOqzW37i5A1olXkBoUaA2rX4MwZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni43n5MIqIRnFyj5pyEL9PZHRSOtZFNhkRM1Er3q5+J/XT83o2s+4TFKDki0/GqWCmJjk55OQK2RGzCyhTHG7K2ETqigztqSKLcFbPXmddBp1z617941a86aoowxncA6X4MEVNOEOWtAGBhKe4RXeHO28OO/OxzJacoqZU/gD5/MH6YORDQ==</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit><latexit sha1_base64="R8nPMwea0PhgtZqsKUVXRWQ7oiQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbSwXzwGQJs7M3yZDZ2WVmVghL/sLCxl+xEbEVO//G2WQLTSw8MHA451zu3BMkgmvjul/Oyura+sZmaau8vbO7t185OGzpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyV++0HVJrH8s5MEvQjOpR8wBk1Vrq32ZCznPYrVbfmzkCWiVeQKhT4X7xf+eyFMUsjlIYJqnXXcxPjZ1QZzgROy71UY0LZmA6xa6mkEWo/m501JadWCckgVvZJQ2bqz4mMRlpPosAmI2pGetHLxb+8bmoGF37GZZIalGy+aJAKYmKSd0RCrpAZMbGEMsXtXwkbUUWZsU2W7ene4qHLpFWveW7Nu61XG5dFZyU4hhM4Aw/OoQHXcANNYCDhEZ7h1XlyXpw3530eXXGKmSP4BefjG9tZmIY=</latexit>

Model
<latexit sha1_base64="+SaVgX3eFnsMCZb8X4f56/F1Dwo=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCswl0aLYM2NkIE8wFJDHt7c8mSvb1jd04NR/6HjYUitv4XO/+Nm+QKTXww8Hhvhpl5fiKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08Sp5tDgsYx122cGpFDQQIES2okGFvkSWv7oauq3HkAbEas7HCfQi9hAiVBwhla67yI8oR9mN3EActIvld2KOwNdJl5OyiRHvV/66gYxTyNQyCUzpuO5CfYyplFwCZNiNzWQMD5iA+hYqlgEppfNrp7QU6sENIy1LYV0pv6eyFhkzDjybWfEcGgWvan4n9dJMbzoZUIlKYLi80VhKinGdBoBDYQGjnJsCeNa2FspHzLNONqgijYEb/HlZdKsVjy34t1Wy7XLPI4COSYn5Ix45JzUyDWpkwbhRJNn8krenEfnxXl3PuatK04+c0T+wPn8AQhoktY=</latexit><latexit sha1_base64="Vgd8Z62m1MuJeUWmdtpbF+YPPsY=">AAACGnicjVC7SgNBFJ31GeMramkzGASrsJtGy6CNjaBgHpDEMDt7NxkyO7vM3BXDkv+wsPFXbETsxMa/cZJsoYmFBwYO55zLnXv8RAqDrvvlLC2vrK6tFzaKm1vbO7ulvf2GiVPNoc5jGeuWzwxIoaCOAiW0Eg0s8iU0/eHFxG/egzYiVrc4SqAbsb4SoeAMrXTXQXhAP8yu4gDkuFcquxV3CrpIvJyUSY7/xXulj04Q8zQChVwyY9qem2A3YxoFlzAudlIDCeND1oe2pYpFYLrZ9LQxPbZKQMNY26eQTtWfExmLjBlFvk1GDAdm3puIf3ntFMOzbiZUkiIoPlsUppJiTCc90UBo4ChHljCuhf0r5QOmGUfbZtGe7s0fukga1YrnVrybarl2nndWIIfkiJwQj5ySGrkk16ROONHkkTyTV+fJeXHenPdZdMnJZw7ILzif3zcXmk8=</latexit><latexit sha1_base64="Vgd8Z62m1MuJeUWmdtpbF+YPPsY=">AAACGnicjVC7SgNBFJ31GeMramkzGASrsJtGy6CNjaBgHpDEMDt7NxkyO7vM3BXDkv+wsPFXbETsxMa/cZJsoYmFBwYO55zLnXv8RAqDrvvlLC2vrK6tFzaKm1vbO7ulvf2GiVPNoc5jGeuWzwxIoaCOAiW0Eg0s8iU0/eHFxG/egzYiVrc4SqAbsb4SoeAMrXTXQXhAP8yu4gDkuFcquxV3CrpIvJyUSY7/xXulj04Q8zQChVwyY9qem2A3YxoFlzAudlIDCeND1oe2pYpFYLrZ9LQxPbZKQMNY26eQTtWfExmLjBlFvk1GDAdm3puIf3ntFMOzbiZUkiIoPlsUppJiTCc90UBo4ChHljCuhf0r5QOmGUfbZtGe7s0fukga1YrnVrybarl2nndWIIfkiJwQj5ySGrkk16ROONHkkTyTV+fJeXHenPdZdMnJZw7ILzif3zcXmk8=</latexit><latexit sha1_base64="Vgd8Z62m1MuJeUWmdtpbF+YPPsY=">AAACGnicjVC7SgNBFJ31GeMramkzGASrsJtGy6CNjaBgHpDEMDt7NxkyO7vM3BXDkv+wsPFXbETsxMa/cZJsoYmFBwYO55zLnXv8RAqDrvvlLC2vrK6tFzaKm1vbO7ulvf2GiVPNoc5jGeuWzwxIoaCOAiW0Eg0s8iU0/eHFxG/egzYiVrc4SqAbsb4SoeAMrXTXQXhAP8yu4gDkuFcquxV3CrpIvJyUSY7/xXulj04Q8zQChVwyY9qem2A3YxoFlzAudlIDCeND1oe2pYpFYLrZ9LQxPbZKQMNY26eQTtWfExmLjBlFvk1GDAdm3puIf3ntFMOzbiZUkiIoPlsUppJiTCc90UBo4ChHljCuhf0r5QOmGUfbZtGe7s0fukga1YrnVrybarl2nndWIIfkiJwQj5ySGrkk16ROONHkkTyTV+fJeXHenPdZdMnJZw7ILzif3zcXmk8=</latexit>

schematic:
<latexit sha1_base64="PG201bI2ZQH8VzuO/oTeums+Nnc=">AAAB/HicbVC7TsMwFL3hWcor0JElokJiqpIuIKYKFsYi0YfURpXj3rRWHSeyHUQUlV9hYQAhVj6Ejb/BbTNAy5EsHZ1zr318goQzpV3321pb39jc2i7tlHf39g8O7aPjtopTSbFFYx7LbkAUciawpZnm2E0kkijg2AkmNzO/84BSsVjc6yxBPyIjwUJGiTbSwK70NT7qIMwVHWNkRDq9GthVt+bO4awSryBVKNAc2F/9YUzTCIWmnCjV89xE+zmR5jqO03I/VZgQOiEj7BkqSITKz+fhp86ZUYZOGEtzhHbm6u+NnERKZVFgJk2+sVr2ZuJ/Xi/V4aWfM5GkGgVdPBSm3NGxM2vCGTKJVPPMEEIlM1kdOiaSUG36KpsSvOUvr5J2vea5Ne+uXm1cF3WU4ARO4Rw8uIAG3EITWkAhg2d4hTfryXqx3q2PxeiaVexU4A+szx9a2ZUz</latexit><latexit sha1_base64="6/G0Va76J+KyjTGkSgyBNkJ/Pdc=">AAACIXicjVDLSsNAFL3xWesr2qWbYBFclaQbxVXRjUsF+4A2lMn0ph06mYSZiRhCv8WFG3/FjUh34s84bbPQ1oUHBg7n3Mudc4KEM6Vd99NaW9/Y3Nou7ZR39/YPDu2j45aKU0mxSWMey05AFHImsKmZ5thJJJIo4NgOxjczv/2IUrFYPOgsQT8iQ8FCRok2Ut+u9DQ+6SDMFR1hZEQ6uerbVbfmzuGsEq8gVSjwv/G+Pe0NYppGKDTlRKmu5ybaz4k0NzlOyr1UYULomAyxa6ggESo/nyecOGdGGThhLM0T2pmrPzdyEimVRYGZNCFGatmbiX953VSHl37ORJJqFHRxKEy5o2NnVpczYBKp5pkhhEpm/urQEZGEalNq2UT3loOukla95rk1775ebVwXnZXgBE7hHDy4gAbcwh00gUIGz/AK79aL9WZ9WNPF6JpV7FTgF6yvb9fenKw=</latexit><latexit sha1_base64="6/G0Va76J+KyjTGkSgyBNkJ/Pdc=">AAACIXicjVDLSsNAFL3xWesr2qWbYBFclaQbxVXRjUsF+4A2lMn0ph06mYSZiRhCv8WFG3/FjUh34s84bbPQ1oUHBg7n3Mudc4KEM6Vd99NaW9/Y3Nou7ZR39/YPDu2j45aKU0mxSWMey05AFHImsKmZ5thJJJIo4NgOxjczv/2IUrFYPOgsQT8iQ8FCRok2Ut+u9DQ+6SDMFR1hZEQ6uerbVbfmzuGsEq8gVSjwv/G+Pe0NYppGKDTlRKmu5ybaz4k0NzlOyr1UYULomAyxa6ggESo/nyecOGdGGThhLM0T2pmrPzdyEimVRYGZNCFGatmbiX953VSHl37ORJJqFHRxKEy5o2NnVpczYBKp5pkhhEpm/urQEZGEalNq2UT3loOukla95rk1775ebVwXnZXgBE7hHDy4gAbcwh00gUIGz/AK79aL9WZ9WNPF6JpV7FTgF6yvb9fenKw=</latexit><latexit sha1_base64="6/G0Va76J+KyjTGkSgyBNkJ/Pdc=">AAACIXicjVDLSsNAFL3xWesr2qWbYBFclaQbxVXRjUsF+4A2lMn0ph06mYSZiRhCv8WFG3/FjUh34s84bbPQ1oUHBg7n3Mudc4KEM6Vd99NaW9/Y3Nou7ZR39/YPDu2j45aKU0mxSWMey05AFHImsKmZ5thJJJIo4NgOxjczv/2IUrFYPOgsQT8iQ8FCRok2Ut+u9DQ+6SDMFR1hZEQ6uerbVbfmzuGsEq8gVSjwv/G+Pe0NYppGKDTlRKmu5ybaz4k0NzlOyr1UYULomAyxa6ggESo/nyecOGdGGThhLM0T2pmrPzdyEimVRYGZNCFGatmbiX953VSHl37ORJJqFHRxKEy5o2NnVpczYBKp5pkhhEpm/urQEZGEalNq2UT3loOukla95rk1775ebVwXnZXgBE7hHDy4gAbcwh00gUIGz/AK79aL9WZ9WNPF6JpV7FTgF6yvb9fenKw=</latexit>
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Joint Embedding Architectures

Given compatible ,  pairs (i.e. 
things that belong together, such 
as augmentations of an image, 
two similar images, etc), learn 

encoders that output ,  that 
are similar according to some 

distance metric .

x y

sx sy

D



Problem: Collapse / Trivial Solution

Trivial solution to  

 

Is always  for some 
constant  (such as 0).

min
sx,sy

D(sx, sy)

sx = sy = c
c
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Data space

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

Representation space

Encoder

x+
<latexit sha1_base64="FUv6MvxzTGChYFgQNlZ86iF0WV0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBosgCCURQZdFNy4r2Ae0aZlMJ+3QySTMTNQS8h9uXCji1n9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZVWVtfWN8qbla3tnd09e/+gpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/cpP77QcqFYvEvZ7G1AvxSLCAEayN1O+FWI/9IH3K+ulZNrCrTs2ZAS0TtyBVKNAY2F+9YUSSkApNOFaq6zqx9lIsNSOcZpVeomiMyQSPaNdQgUOqvHSWOkMnRhmiIJLmCY1m6u+NFIdKTUPfTOYp1aKXi/953UQHV17KRJxoKsj8UJBwpCOUV4CGTFKi+dQQTCQzWREZY4mJNkVVTAnu4peXSeu85jo19+6iWr8u6ijDERzDKbhwCXW4hQY0gYCEZ3iFN+vRerHerY/5aMkqdg7hD6zPH+wBksU=</latexit><latexit sha1_base64="9+yelzFgej5zh4GabXrDL8JHavs=">AAACGnicjVDLSsNAFL2pr1pfVZduBosgCCURQZdFNy4V7APatEymk3boZBJmJmIJ+Q8XbvwVNyLuxI1/4yTNQlsXHhg4nHMvd87xIs6Utu0vq7S0vLK6Vl6vbGxube9Ud/daKowloU0S8lB2PKwoZ4I2NdOcdiJJceBx2vYmV5nfvqdSsVDc6WlE3QCPBPMZwdpI/V6A9djzk4e0n5ykg2rNrts50CJxClKDAv8bH1Q/esOQxAEVmnCsVNexI+0mWGpGOE0rvVjRCJMJHtGuoQIHVLlJHi1FR0YZIj+U5gmNcvXnRoIDpaaBZyazKGrey8S/vG6s/Qs3YSKKNRVkdsiPOdIhynpCQyYp0XxqCCaSmb8iMsYSE23arJjoznzQRdI6rTt23bk9qzUui87KcACHcAwOnEMDruEGmkBAwiM8w6v1ZL1Yb9b7bLRkFTv78AvW5zcYAJo+</latexit><latexit sha1_base64="9+yelzFgej5zh4GabXrDL8JHavs=">AAACGnicjVDLSsNAFL2pr1pfVZduBosgCCURQZdFNy4V7APatEymk3boZBJmJmIJ+Q8XbvwVNyLuxI1/4yTNQlsXHhg4nHMvd87xIs6Utu0vq7S0vLK6Vl6vbGxube9Ud/daKowloU0S8lB2PKwoZ4I2NdOcdiJJceBx2vYmV5nfvqdSsVDc6WlE3QCPBPMZwdpI/V6A9djzk4e0n5ykg2rNrts50CJxClKDAv8bH1Q/esOQxAEVmnCsVNexI+0mWGpGOE0rvVjRCJMJHtGuoQIHVLlJHi1FR0YZIj+U5gmNcvXnRoIDpaaBZyazKGrey8S/vG6s/Qs3YSKKNRVkdsiPOdIhynpCQyYp0XxqCCaSmb8iMsYSE23arJjoznzQRdI6rTt23bk9qzUui87KcACHcAwOnEMDruEGmkBAwiM8w6v1ZL1Yb9b7bLRkFTv78AvW5zcYAJo+</latexit><latexit sha1_base64="9+yelzFgej5zh4GabXrDL8JHavs=">AAACGnicjVDLSsNAFL2pr1pfVZduBosgCCURQZdFNy4V7APatEymk3boZBJmJmIJ+Q8XbvwVNyLuxI1/4yTNQlsXHhg4nHMvd87xIs6Utu0vq7S0vLK6Vl6vbGxube9Ud/daKowloU0S8lB2PKwoZ4I2NdOcdiJJceBx2vYmV5nfvqdSsVDc6WlE3QCPBPMZwdpI/V6A9djzk4e0n5ykg2rNrts50CJxClKDAv8bH1Q/esOQxAEVmnCsVNexI+0mWGpGOE0rvVjRCJMJHtGuoQIHVLlJHi1FR0YZIj+U5gmNcvXnRoIDpaaBZyazKGrey8S/vG6s/Qs3YSKKNRVkdsiPOdIhynpCQyYp0XxqCCaSmb8iMsYSE23arJjoznzQRdI6rTt23bk9qzUui87KcACHcAwOnEMDruEGmkBAwiM8w6v1ZL1Yb9b7bLRkFTv78AvW5zcYAJo+</latexit>

T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="kumRen1qy6+vI4nJg4M1DlrcOLY=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTSQFyRLmJ3cTYbMzi4zs0JY8gUWNv6KjYitvZ1/4yTZQhMLDwwczjmXO/cEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYxvZ377AZXmsWyYSYJ+RIeSh5xRY6V6o1+uuFV3DrJKvJxUIMf/4v3yZ28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+TVTcmaVAQljZZ80ZK7+nMhopPUkCmwyomakl72Z+JfXTU147WdcJqlByRaLwlQQE5NZNWTAFTIjJpZQprj9K2EjqigztsCSPd1bPnSVtC6qnlv16peV2k3eWRFO4BTOwYMrqMEd3EMTGCA8wjO8Ok/Oi/PmvC+iBSefOYZfcD6+ARFBlFE=</latexit><latexit sha1_base64="kumRen1qy6+vI4nJg4M1DlrcOLY=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTSQFyRLmJ3cTYbMzi4zs0JY8gUWNv6KjYitvZ1/4yTZQhMLDwwczjmXO/cEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYxvZ377AZXmsWyYSYJ+RIeSh5xRY6V6o1+uuFV3DrJKvJxUIMf/4v3yZ28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+TVTcmaVAQljZZ80ZK7+nMhopPUkCmwyomakl72Z+JfXTU147WdcJqlByRaLwlQQE5NZNWTAFTIjJpZQprj9K2EjqigztsCSPd1bPnSVtC6qnlv16peV2k3eWRFO4BTOwYMrqMEd3EMTGCA8wjO8Ok/Oi/PmvC+iBSefOYZfcD6+ARFBlFE=</latexit><latexit sha1_base64="kumRen1qy6+vI4nJg4M1DlrcOLY=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTSQFyRLmJ3cTYbMzi4zs0JY8gUWNv6KjYitvZ1/4yTZQhMLDwwczjmXO/cEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYxvZ377AZXmsWyYSYJ+RIeSh5xRY6V6o1+uuFV3DrJKvJxUIMf/4v3yZ28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+TVTcmaVAQljZZ80ZK7+nMhopPUkCmwyomakl72Z+JfXTU147WdcJqlByRaLwlQQE5NZNWTAFTIjJpZQprj9K2EjqigztsCSPd1bPnSVtC6qnlv16peV2k3eWRFO4BTOwYMrqMEd3EMTGCA8wjO8Ok/Oi/PmvC+iBSefOYZfcD6+ARFBlFE=</latexit>

c

x�
<latexit sha1_base64="XopLT+hg05ckrgBaNYkrd3LIQv4=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgxjIjgi6LblxWsA/ojCWTZtrQTCYkGbEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRVhLZIwhPVDbGmnAnaMsxw2pWK4jjktBOOb3K/80iVZom4NxNJgxgPBYsYwcZKvh9jMwqj7Gn6cNav1ty6OwNaJl5BalCg2a9++YOEpDEVhnCsdc9zpQkyrAwjnE4rfqqpxGSMh7RnqcAx1UE2yzxFJ1YZoChR9gmDZurvjQzHWk/i0E7mGfWil4v/eb3URFdBxoRMDRVkfihKOTIJygtAA6YoMXxiCSaK2ayIjLDCxNiaKrYEb/HLy6R9Xvfcund3UWtcF3WU4QiO4RQ8uIQG3EITWkBAwjO8wpuTOi/Ou/MxHy05xc4h/IHz+QMiy5G7</latexit><latexit sha1_base64="JOX0mDoQ62WgJ3+2bAXUyMhg178=">AAACGHicjVDLSgMxFL3js9ZX1aWbYBHcWGZE0GXRjUsF+4DOWDJppg3NJEOSEcvQ33Dhxl9xI+K2O//GTDsLbV14IHA4515uzgkTzrRx3S9naXlldW29tFHe3Nre2a3s7Te1TBWhDSK5VO0Qa8qZoA3DDKftRFEch5y2wuF17rceqdJMinszSmgQ475gESPYWMn3Y2wGYZQ9jR9Ou5WqW3OnQIvEK0gVCvxvvFuZ+D1J0pgKQzjWuuO5iQkyrAwjnI7LfqppgskQ92nHUoFjqoNsGmyMjq3SQ5FU9gmDpurPjQzHWo/i0E7mQfS8l4t/eZ3URJdBxkSSGirI7FCUcmQkyltCPaYoMXxkCSaK2b8iMsAKE2O7LNvo3nzQRdI8q3luzbs7r9avis5KcAhHcAIeXEAdbuAWGkAggWd4hXfnxXlzPpzP2eiSU+wcwC84k28q45k0</latexit><latexit sha1_base64="JOX0mDoQ62WgJ3+2bAXUyMhg178=">AAACGHicjVDLSgMxFL3js9ZX1aWbYBHcWGZE0GXRjUsF+4DOWDJppg3NJEOSEcvQ33Dhxl9xI+K2O//GTDsLbV14IHA4515uzgkTzrRx3S9naXlldW29tFHe3Nre2a3s7Te1TBWhDSK5VO0Qa8qZoA3DDKftRFEch5y2wuF17rceqdJMinszSmgQ475gESPYWMn3Y2wGYZQ9jR9Ou5WqW3OnQIvEK0gVCvxvvFuZ+D1J0pgKQzjWuuO5iQkyrAwjnI7LfqppgskQ92nHUoFjqoNsGmyMjq3SQ5FU9gmDpurPjQzHWo/i0E7mQfS8l4t/eZ3URJdBxkSSGirI7FCUcmQkyltCPaYoMXxkCSaK2b8iMsAKE2O7LNvo3nzQRdI8q3luzbs7r9avis5KcAhHcAIeXEAdbuAWGkAggWd4hXfnxXlzPpzP2eiSU+wcwC84k28q45k0</latexit><latexit sha1_base64="JOX0mDoQ62WgJ3+2bAXUyMhg178=">AAACGHicjVDLSgMxFL3js9ZX1aWbYBHcWGZE0GXRjUsF+4DOWDJppg3NJEOSEcvQ33Dhxl9xI+K2O//GTDsLbV14IHA4515uzgkTzrRx3S9naXlldW29tFHe3Nre2a3s7Te1TBWhDSK5VO0Qa8qZoA3DDKftRFEch5y2wuF17rceqdJMinszSmgQ475gESPYWMn3Y2wGYZQ9jR9Ou5WqW3OnQIvEK0gVCvxvvFuZ+D1J0pgKQzjWuuO5iQkyrAwjnI7LfqppgskQ92nHUoFjqoNsGmyMjq3SQ5FU9gmDpurPjQzHWo/i0E7mQfS8l4t/eZ3URJdBxkSSGirI7FCUcmQkyltCPaYoMXxkCSaK2b8iMsAKE2O7LNvo3nzQRdI8q3luzbs7r9avis5KcAhHcAIeXEAdbuAWGkAggWd4hXfnxXlzPpzP2eiSU+wcwC84k28q45k0</latexit>

Pull together
Push apart

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

Contrastive Learning
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Contrastive Learning — Transformations

ccc

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit>

)

<latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit><latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit><latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit><latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit>

,
<latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit>

Matching views
<latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit><latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit><latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit><latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit>

x(i)
<latexit sha1_base64="RN2uRDAVRgKYHeytBhvwZd4bY8g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1th5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5Ijk5k=</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit>

y(i)
<latexit sha1_base64="PNGOOH8z5tgsvfsIitebkuoWgbM=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZREBD0WvXisYGuhjWWz3bRLN5uwuymEkH/ixYMiXv0n3vw3btoctHVgYZh5jzc7fsyZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq6JEEtohEY9kz8eKciZoRzPNaS+WFIc+p4/+9LbwH2dUKhaJB53G1AvxWLCAEayNNLTtQYj1xA+yNH/KGuw8H9p1p+nMgVaJW5I6lGgP7a/BKCJJSIUmHCvVd51YexmWmhFO89ogUTTGZIrHtG+owCFVXjZPnqMzo4xQEEnzhEZz9fdGhkOl0tA3k0VOtewV4n9eP9HBtZcxESeaCrI4FCQc6QgVNaARk5RonhqCiWQmKyITLDHRpqyaKcFd/vIq6V40Xafp3l/WWzdlHVU4gVNogAtX0II7aEMHCMzgGV7hzcqsF+vd+liMVqxy5xj+wPr8AZOuk5o=</latexit><latexit sha1_base64="yH5o/l3lZUIeHKFAtSOyJ1oxIXg=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0II/RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjXaUy9EA8FCxjB2kh92+6FWI/8IEunD1mNnU77dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rJZvCk6McoABZE0T2g0U39uZDhUKg19M5mHUYteLv7ldRMdXHoZE3GiqSDzQ0HCkY5Q3hUaMEmJ5qkhmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwHZM5sT</latexit><latexit sha1_base64="yH5o/l3lZUIeHKFAtSOyJ1oxIXg=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0II/RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjXaUy9EA8FCxjB2kh92+6FWI/8IEunD1mNnU77dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rJZvCk6McoABZE0T2g0U39uZDhUKg19M5mHUYteLv7ldRMdXHoZE3GiqSDzQ0HCkY5Q3hUaMEmJ5qkhmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwHZM5sT</latexit><latexit sha1_base64="yH5o/l3lZUIeHKFAtSOyJ1oxIXg=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0II/RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjXaUy9EA8FCxjB2kh92+6FWI/8IEunD1mNnU77dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rJZvCk6McoABZE0T2g0U39uZDhUKg19M5mHUYteLv7ldRMdXHoZE3GiqSDzQ0HCkY5Q3hUaMEmJ5qkhmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwHZM5sT</latexit>

Unmatching view
<latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit><latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit><latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit><latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit>

y(j)
<latexit sha1_base64="1ew633yf+cly+UchDOJ3HLrrJ8o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3bsZBJmJoUQ8iduXCji1j9x5984bbPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjvzO1MqFYvEg05j6oV4JFjACNZGGth2P8R67AdZmj9mtafzfGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7WVYakY4zSv9RNEYkwke0Z6hAodUedk8eY7OjDJEQSTNExrN1d8bGQ6VSkPfTM5yqmVvJv7n9RIdXHsZE3GiqSCLQ0HCkY7QrAY0ZJISzVNDMJHMZEVkjCUm2pRVMSW4y19eJe2LuuvU3fvLauOmqKMMJ3AKNXDhChpwB01oAYEpPMMrvFmZ9WK9Wx+L0ZJV7BzDH1ifP5U0k5s=</latexit><latexit sha1_base64="2ZCsRKuHgEAyucu04nEWJoBR3FA=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6acdOJmFmUighf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kE6y+7T6cJL17IpTc6ZAi8QtSAUK/G+8Z390+xFJQio04VipjuvE2kux1IxwmpW7iaIxJiM8oB1DBQ6p8tJpvAwdG6WPgkiaJzSaqj83UhwqNQl9M5mHUfNeLv7ldRIdXHgpE3GiqSCzQ0HCkY5Q3hXqM0mJ5hNDMJHM/BWRIZaYaNNo2UR354MukuZpzXVq7u1ZpX5ZdFaCQziCKrhwDnW4hhtoAIExPMIzvFpP1ov1Zr3PRpesYucAfsH6/Aba3psU</latexit><latexit sha1_base64="2ZCsRKuHgEAyucu04nEWJoBR3FA=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6acdOJmFmUighf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kE6y+7T6cJL17IpTc6ZAi8QtSAUK/G+8Z390+xFJQio04VipjuvE2kux1IxwmpW7iaIxJiM8oB1DBQ6p8tJpvAwdG6WPgkiaJzSaqj83UhwqNQl9M5mHUfNeLv7ldRIdXHgpE3GiqSCzQ0HCkY5Q3hXqM0mJ5hNDMJHM/BWRIZaYaNNo2UR354MukuZpzXVq7u1ZpX5ZdFaCQziCKrhwDnW4hhtoAIExPMIzvFpP1ov1Zr3PRpesYucAfsH6/Aba3psU</latexit><latexit sha1_base64="2ZCsRKuHgEAyucu04nEWJoBR3FA=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6acdOJmFmUighf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kE6y+7T6cJL17IpTc6ZAi8QtSAUK/G+8Z390+xFJQio04VipjuvE2kux1IxwmpW7iaIxJiM8oB1DBQ6p8tJpvAwdG6WPgkiaJzSaqj83UhwqNQl9M5mHUfNeLv7ldRIdXHgpE3GiqSCzQ0HCkY5Q3hXqM0mJ5hNDMJHM/BWRIZaYaNNo2UR354MukuZpzXVq7u1ZpX5ZdFaCQziCKrhwDnW4hhtoAIExPMIzvFpP1ov1Zr3PRpesYucAfsH6/Aba3psU</latexit>

z(i)1
<latexit sha1_base64="qvY3yyJbBshdszN3PV6RiJ/s+Po=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFtLJPppB06mYSZiVhDfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rZXVtfWNzdJWeXtnd2/fPqi0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntONPrnO/80ClYpG409OYeiEeCRYwgrWRBnalH2I99oP0KRu492mNnWYDu+rUnRnQMnELUoUCzYH91R9GJAmp0IRjpXquE2svxVIzwmlW7ieKxphM8Ij2DBU4pMpLZ9kzdGKUIQoiaZ7QaKb+3khxqNQ09M1knlQtern4n9dLdHDppUzEiaaCzA8FCUc6QnkRaMgkJZpPDcFEMpMVkTGWmGhTV9mU4C5+eZm0z+quU3dvz6uNq6KOEhzBMdTAhQtowA00oQUEHuEZXuHNyqwX6936mI+uWMXOIfyB9fkDxguUPw==</latexit><latexit sha1_base64="lviJ8duwMlJtM7ZcorhbWDBfeaU=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4V7APaGCbTSTt0MgkzE7GG/IoLN/6KGxHd6dc4abPQ1oUHBg7n3Mudc/yYUals+9MoLS2vrK6V1ysbm1vbO+ZutS2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3yR+507IiSN+I2axMQN0ZDTgGKktOSZ1X6I1MgP0ofMc27TOj3KPLNmN+wprEXiFKQGBf437pkf/UGEk5BwhRmSsufYsXJTJBTFjGSVfiJJjPAYDUlPU45CIt10GjCzDrUysIJI6MeVNVV/bqQolHIS+noyjyPnvVz8y+slKjhzU8rjRBGOZ4eChFkqsvK2rAEVBCs20QRhQfVfLTxCAmGlO63o6M580EXSPm44dsO5Pqk1z4vOyrAPB1AHB06hCZdwBS3AcA+P8AyvxpPxYrwZ77PRklHs7MEvGF/fIN6buA==</latexit><latexit sha1_base64="lviJ8duwMlJtM7ZcorhbWDBfeaU=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4V7APaGCbTSTt0MgkzE7GG/IoLN/6KGxHd6dc4abPQ1oUHBg7n3Mudc/yYUals+9MoLS2vrK6V1ysbm1vbO+ZutS2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3yR+507IiSN+I2axMQN0ZDTgGKktOSZ1X6I1MgP0ofMc27TOj3KPLNmN+wprEXiFKQGBf437pkf/UGEk5BwhRmSsufYsXJTJBTFjGSVfiJJjPAYDUlPU45CIt10GjCzDrUysIJI6MeVNVV/bqQolHIS+noyjyPnvVz8y+slKjhzU8rjRBGOZ4eChFkqsvK2rAEVBCs20QRhQfVfLTxCAmGlO63o6M580EXSPm44dsO5Pqk1z4vOyrAPB1AHB06hCZdwBS3AcA+P8AyvxpPxYrwZ77PRklHs7MEvGF/fIN6buA==</latexit><latexit sha1_base64="lviJ8duwMlJtM7ZcorhbWDBfeaU=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4V7APaGCbTSTt0MgkzE7GG/IoLN/6KGxHd6dc4abPQ1oUHBg7n3Mudc/yYUals+9MoLS2vrK6V1ysbm1vbO+ZutS2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3yR+507IiSN+I2axMQN0ZDTgGKktOSZ1X6I1MgP0ofMc27TOj3KPLNmN+wprEXiFKQGBf437pkf/UGEk5BwhRmSsufYsXJTJBTFjGSVfiJJjPAYDUlPU45CIt10GjCzDrUysIJI6MeVNVV/bqQolHIS+noyjyPnvVz8y+slKjhzU8rjRBGOZ4eChFkqsvK2rAEVBCs20QRhQfVfLTxCAmGlO63o6M580EXSPm44dsO5Pqk1z4vOyrAPB1AHB06hCZdwBS3AcA+P8AyvxpPxYrwZ77PRklHs7MEvGF/fIN6buA==</latexit>

z(i)2
<latexit sha1_base64="ngBoaGIcjY4tg9mbM2TWAG/R0VI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyUpgi6LblxWsA9oY5hMJ+3QySTMTMQa8ituXCji1h9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bZTW1jc2t8rblZ3dvf0D87DalVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/vc793gMRkkb8Ts1i4oZozGlAMVJa8szqMERq4gfpU+Y179M6Pcs8s2Y37DmsVeIUpAYF2p75NRxFOAkJV5ghKQeOHSs3RUJRzEhWGSaSxAhP0ZgMNOUoJNJN59kz61QrIyuIhH5cWXP190aKQilnoa8n86Ry2cvF/7xBooJLN6U8ThTheHEoSJilIisvwhpRQbBiM00QFlRntfAECYSVrquiS3CWv7xKus2GYzec2/Na66qoowzHcAJ1cOACWnADbegAhkd4hld4MzLjxXg3PhajJaPYOYI/MD5/AMeVlEA=</latexit><latexit sha1_base64="7h4n3VOezViyLwQ9ru9QV4tQ4X4=">AAACIHicjVDLSsNAFL3xWesr1qWbwSLUTUmKoMuiG5cK9gFtDJPppB06eTAzEWvIr7hw46+4EdGdfo2TNgttXXhg4HDOvdw5x4s5k8qyPo2l5ZXVtfXSRnlza3tn19yrtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG1/kfueOCsmi8EZNYuoEeBgynxGstOSalX6A1cjz04fMbdymNXacuWbVqltToEViF6QKBf437pof/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSacAMHWllgPxI6BcqNFV/bqQ4kHISeHoyjyPnvVz8y+slyj9zUhbGiaIhmR3yE45UhPK20IAJShSfaIKJYPqviIywwETpTss6uj0fdJG0G3XbqtvXJ9XmedFZCQ7gEGpgwyk04RKuoAUE7uERnuHVeDJejDfjfTa6ZBQ7+/ALxtc3Io2buQ==</latexit><latexit sha1_base64="7h4n3VOezViyLwQ9ru9QV4tQ4X4=">AAACIHicjVDLSsNAFL3xWesr1qWbwSLUTUmKoMuiG5cK9gFtDJPppB06eTAzEWvIr7hw46+4EdGdfo2TNgttXXhg4HDOvdw5x4s5k8qyPo2l5ZXVtfXSRnlza3tn19yrtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG1/kfueOCsmi8EZNYuoEeBgynxGstOSalX6A1cjz04fMbdymNXacuWbVqltToEViF6QKBf437pof/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSacAMHWllgPxI6BcqNFV/bqQ4kHISeHoyjyPnvVz8y+slyj9zUhbGiaIhmR3yE45UhPK20IAJShSfaIKJYPqviIywwETpTss6uj0fdJG0G3XbqtvXJ9XmedFZCQ7gEGpgwyk04RKuoAUE7uERnuHVeDJejDfjfTa6ZBQ7+/ALxtc3Io2buQ==</latexit><latexit sha1_base64="7h4n3VOezViyLwQ9ru9QV4tQ4X4=">AAACIHicjVDLSsNAFL3xWesr1qWbwSLUTUmKoMuiG5cK9gFtDJPppB06eTAzEWvIr7hw46+4EdGdfo2TNgttXXhg4HDOvdw5x4s5k8qyPo2l5ZXVtfXSRnlza3tn19yrtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG1/kfueOCsmi8EZNYuoEeBgynxGstOSalX6A1cjz04fMbdymNXacuWbVqltToEViF6QKBf437pof/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSacAMHWllgPxI6BcqNFV/bqQ4kHISeHoyjyPnvVz8y+slyj9zUhbGiaIhmR3yE45UhPK20IAJShSfaIKJYPqviIywwETpTss6uj0fdJG0G3XbqtvXJ9XmedFZCQ7gEGpgwyk04RKuoAUE7uERnuHVeDJejDfjfTa6ZBQ7+/ALxtc3Io2buQ==</latexit>

z(j)2
<latexit sha1_base64="gvZYFiU0y8YYIp6CjyxXevMvo/8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4r2Ae0MUymk3bsZBJmJmIN+RU3LhRx64+482+ctFlo64GBwzn3cs8cP2ZUKtv+Nkorq2vrG+XNytb2zu6euV/tyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNefXOV+94EISSN+q6YxcUM04jSgGCkteWZ1ECI19oP0KfNO79L6/UnmmTW7Yc9gLROnIDUo0PLMr8EwwklIuMIMSdl37Fi5KRKKYkayyiCRJEZ4gkakrylHIZFuOsueWcdaGVpBJPTjypqpvzdSFEo5DX09mSeVi14u/uf1ExVcuCnlcaIIx/NDQcIsFVl5EdaQCoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jltOHbDuTmrNS+LOspwCEdQBwfOoQnX0II2YHiEZ3iFNyMzXox342M+WjKKnQP4A+PzB8kblEE=</latexit><latexit sha1_base64="PzV3+exMK0ayPa6ayeHYgx2XXSs=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyUpgi6Lblwq2Ae0NUymk3bsZBJmJmIN+RUXbvwVNyK6069x0mahrQsPDBzOuZc753gRo1LZ9qdRWFpeWV0rrpc2Nre2d8zdckuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vg889t3REga8ms1iUg/QENOfYqR0pJrlnsBUiPPTx5St36TVG+PUtes2DV7CmuRODmpQI7/jbvmR28Q4jggXGGGpOw6dqT6CRKKYkbSUi+WJEJ4jIakqylHAZH9ZBowtQ61MrD8UOjHlTVVf24kKJByEnh6Mosj571M/Mvrxso/7SeUR7EiHM8O+TGzVGhlbVkDKghWbKIJwoLqv1p4hATCSnda0tGd+aCLpFWvOXbNuTquNM7yzoqwDwdQBQdOoAEXcAlNwHAPj/AMr8aT8WK8Ge+z0YKR7+zBLxhf3yQ4m7o=</latexit><latexit sha1_base64="PzV3+exMK0ayPa6ayeHYgx2XXSs=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyUpgi6Lblwq2Ae0NUymk3bsZBJmJmIN+RUXbvwVNyK6069x0mahrQsPDBzOuZc753gRo1LZ9qdRWFpeWV0rrpc2Nre2d8zdckuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vg889t3REga8ms1iUg/QENOfYqR0pJrlnsBUiPPTx5St36TVG+PUtes2DV7CmuRODmpQI7/jbvmR28Q4jggXGGGpOw6dqT6CRKKYkbSUi+WJEJ4jIakqylHAZH9ZBowtQ61MrD8UOjHlTVVf24kKJByEnh6Mosj571M/Mvrxso/7SeUR7EiHM8O+TGzVGhlbVkDKghWbKIJwoLqv1p4hATCSnda0tGd+aCLpFWvOXbNuTquNM7yzoqwDwdQBQdOoAEXcAlNwHAPj/AMr8aT8WK8Ge+z0YKR7+zBLxhf3yQ4m7o=</latexit><latexit sha1_base64="PzV3+exMK0ayPa6ayeHYgx2XXSs=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyUpgi6Lblwq2Ae0NUymk3bsZBJmJmIN+RUXbvwVNyK6069x0mahrQsPDBzOuZc753gRo1LZ9qdRWFpeWV0rrpc2Nre2d8zdckuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vg889t3REga8ms1iUg/QENOfYqR0pJrlnsBUiPPTx5St36TVG+PUtes2DV7CmuRODmpQI7/jbvmR28Q4jggXGGGpOw6dqT6CRKKYkbSUi+WJEJ4jIakqylHAZH9ZBowtQ61MrD8UOjHlTVVf24kKJByEnh6Mosj571M/Mvrxso/7SeUR7EiHM8O+TGzVGhlbVkDKghWbKIJwoLqv1p4hATCSnda0tGd+aCLpFWvOXbNuTquNM7yzoqwDwdQBQdOoAEXcAlNwHAPj/AMr8aT8WK8Ge+z0YKR7+zBLxhf3yQ4m7o=</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit>
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Constrastive learning (transformations)

Objective
P

i,j D(f (T(x(i))), f (x(i)))

–D(f (x(i)), f (x(j)))

Hypothesis space

f : RN ! RM

Data

{x(i)}N
i=1, T ! f!

Constrastive learning (co-occurrences)

Objective
P

i,j D(f1(x(i)), f2(y(i)))

–D(f1(x(i)), f2(y(j)))

Hypothesis space

f1, f2 : RN ! RM

Data

{x(i), y(i)}N
i=1 ! f1, f2!

In these diagrams, D is a distance function. Above we give just one simple form for the
contrastive objective; many variations have been proposed. Three of the most popular are
(1) Hadsell et al.’s “constrastive loss” [180] (an older definition of the term, now overloaded
with our more general notion of a contrastive loss being the broader family of any loss
that pulls together positive samples and pushes apart negative samples), (2) the triplet
loss [76], and (3) the InfoNCE loss [360]. Hadsell et al.’s contrastive loss and the triplet
loss add the concept of a margin to the vanilla formulation: they only push/pull when
the distance is less than a specified amount m (called the margin), otherwise points are
considered far enough apart (or close enough together). The InfoNCE loss is a variation that
treats establishing a contrast as a classification problem: it tries to move points apart until
you can classify the positive sample, for a given anchor, separately from all the negatives.
The general formulation of these losses takes as input an anchor x, a positive example x+,
and one or more negative examples x–. The positive and negative may be defined based
on transformations, coocurrences, or something else. The full learning objective is to sum
over many samples of anchors, positives, and negatives, producing a sampled set evaluated
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Constrastive learning (transformations)

Objective
P

i,j D(f (T(x(i))), f (x(i)))

–D(f (x(i)), f (x(j)))

Hypothesis space

f : RN ! RM

Data

{x(i)}N
i=1, T ! f!

Constrastive learning (co-occurrences)

Objective
P

i,j D(f1(x(i)), f2(y(i)))

–D(f1(x(i)), f2(y(j)))

Hypothesis space

f1, f2 : RN ! RM

Data

{x(i), y(i)}N
i=1 ! f1, f2!

In these diagrams, D is a distance function. Above we give just one simple form for the
contrastive objective; many variations have been proposed. Three of the most popular are
(1) Hadsell et al.’s “constrastive loss” [180] (an older definition of the term, now overloaded
with our more general notion of a contrastive loss being the broader family of any loss
that pulls together positive samples and pushes apart negative samples), (2) the triplet
loss [76], and (3) the InfoNCE loss [360]. Hadsell et al.’s contrastive loss and the triplet
loss add the concept of a margin to the vanilla formulation: they only push/pull when
the distance is less than a specified amount m (called the margin), otherwise points are
considered far enough apart (or close enough together). The InfoNCE loss is a variation that
treats establishing a contrast as a classification problem: it tries to move points apart until
you can classify the positive sample, for a given anchor, separately from all the negatives.
The general formulation of these losses takes as input an anchor x, a positive example x+,
and one or more negative examples x–. The positive and negative may be defined based
on transformations, coocurrences, or something else. The full learning objective is to sum
over many samples of anchors, positives, and negatives, producing a sampled set evaluated

ccc

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit>

)

<latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit><latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit><latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit><latexit sha1_base64="l9ZhmQEFCunp9RwAEQItJ26mlG8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy2k3TpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAmujet+O6WNza3tnfJuZW//4PCoenzS0WmuGLZZKlLVC6lGwSW2DTcCe5lCmoQCu+H4bu53n1BpnspHM8kwSGgsecQZNVbq+k0ex/5sUK25dXcBsk68gtSgQGtQ/fKHKcsTlIYJqnXfczMTTKkynAmcVfxcY0bZmMbYt1TSBHUwXZw7IxdWGZIoVbakIQv198SUJlpPktB2JtSM9Ko3F//z+rmJboMpl1luULLloigXxKRk/jsZcoXMiIkllClubyVsRBVlxiZUsSF4qy+vk85V3XPr3sN1rdEs4ijDGZzDJXhwAw24hxa0gcEYnuEV3pzMeXHenY9la8kpZk7hD5zPHyVHj24=</latexit>

,
<latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit><latexit sha1_base64="axFzcoBaHbWATKajATY6NWO1CV4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcwmMsA==</latexit>
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<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit>

Matching views
<latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit><latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit><latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit><latexit sha1_base64="PqZpBI/5PUTD03tg2Et+F0fHoPs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtbEwwkY8ETrK3DLBhb++yuwchF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBtXHdbye3sbm1vZPfLeztHxweFY9PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3c795hiV5pF8NNMY/ZAOJO9zRo2Vnu6pYUMuB2TMcaK7xZJbdhcg68TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBZoZNojCkb0QG2LZU0RO2ni6tn5MIqPdKPlC1pyEL9PZHSUOtpGNjOkJqhXvXm4n9eOzH9az/lMk4MSrZc1E8EMRGZR0B6XCEzYmoJZYrbWwkbUkWZsUEVbAje6svrpFEpe27Ze6iUqjdZHHk4g3O4BA+uoAp3UIM6MFDwDK/w5kycF+fd+Vi25pxs5hT+wPn8AX6Ckn0=</latexit>

x(i)
<latexit sha1_base64="RN2uRDAVRgKYHeytBhvwZd4bY8g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1th5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5Ijk5k=</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit>

y(i)
<latexit sha1_base64="PNGOOH8z5tgsvfsIitebkuoWgbM=">AAAB+XicbVBNS8NAFHypX7V+RT16WSxCvZREBD0WvXisYGuhjWWz3bRLN5uwuymEkH/ixYMiXv0n3vw3btoctHVgYZh5jzc7fsyZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq6JEEtohEY9kz8eKciZoRzPNaS+WFIc+p4/+9LbwH2dUKhaJB53G1AvxWLCAEayNNLTtQYj1xA+yNH/KGuw8H9p1p+nMgVaJW5I6lGgP7a/BKCJJSIUmHCvVd51YexmWmhFO89ogUTTGZIrHtG+owCFVXjZPnqMzo4xQEEnzhEZz9fdGhkOl0tA3k0VOtewV4n9eP9HBtZcxESeaCrI4FCQc6QgVNaARk5RonhqCiWQmKyITLDHRpqyaKcFd/vIq6V40Xafp3l/WWzdlHVU4gVNogAtX0II7aEMHCMzgGV7hzcqsF+vd+liMVqxy5xj+wPr8AZOuk5o=</latexit><latexit sha1_base64="yH5o/l3lZUIeHKFAtSOyJ1oxIXg=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0II/RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjXaUy9EA8FCxjB2kh92+6FWI/8IEunD1mNnU77dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rJZvCk6McoABZE0T2g0U39uZDhUKg19M5mHUYteLv7ldRMdXHoZE3GiqSDzQ0HCkY5Q3hUaMEmJ5qkhmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwHZM5sT</latexit><latexit sha1_base64="yH5o/l3lZUIeHKFAtSOyJ1oxIXg=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0II/RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjXaUy9EA8FCxjB2kh92+6FWI/8IEunD1mNnU77dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rJZvCk6McoABZE0T2g0U39uZDhUKg19M5mHUYteLv7ldRMdXHoZE3GiqSDzQ0HCkY5Q3hUaMEmJ5qkhmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwHZM5sT</latexit><latexit sha1_base64="yH5o/l3lZUIeHKFAtSOyJ1oxIXg=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0II/RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjXaUy9EA8FCxjB2kh92+6FWI/8IEunD1mNnU77dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rJZvCk6McoABZE0T2g0U39uZDhUKg19M5mHUYteLv7ldRMdXHoZE3GiqSDzQ0HCkY5Q3hUaMEmJ5qkhmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwHZM5sT</latexit>

Unmatching view
<latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit><latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit><latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit><latexit sha1_base64="Adr4auocLSgzEl3Yo4wZFJ+ig6s=">AAAB+HicbVA9TwJBFHznJ+IHp5Y2G4mJFbmj0ZJoY4mJByRAyN7yDjbs7V129zBI+CU2Fhpj60+x89+4wBUKTrLJZOa9vNkJU8G18bxvZ2Nza3tnt7BX3D84PCq5xycNnWSKYcASkahWSDUKLjEw3AhspQppHApshqPbud8co9I8kQ9mkmI3pgPJI86osVLPLQUypoYNuRyQMcfHnlv2Kt4CZJ34OSlDjnrP/er0E5bFKA0TVOu276WmO6XKcCZwVuxkGlPKRnSAbUsljVF3p4vgM3JhlT6JEmWfNGSh/t6Y0ljrSRzaSZtyqFe9ufif185MdN2dcplmBiVbHooyQUxC5i2QPlfIjJhYQpniNithQ6ooM7aroi3BX/3yOmlUK75X8e+r5dpNXkcBzuAcLsGHK6jBHdQhAAYZPMMrvDlPzovz7nwsRzecfOcU/sD5/AHLupMo</latexit>

y(j)
<latexit sha1_base64="1ew633yf+cly+UchDOJ3HLrrJ8o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3bsZBJmJoUQ8iduXCji1j9x5984bbPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjvzO1MqFYvEg05j6oV4JFjACNZGGth2P8R67AdZmj9mtafzfGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7WVYakY4zSv9RNEYkwke0Z6hAodUedk8eY7OjDJEQSTNExrN1d8bGQ6VSkPfTM5yqmVvJv7n9RIdXHsZE3GiqSCLQ0HCkY7QrAY0ZJISzVNDMJHMZEVkjCUm2pRVMSW4y19eJe2LuuvU3fvLauOmqKMMJ3AKNXDhChpwB01oAYEpPMMrvFmZ9WK9Wx+L0ZJV7BzDH1ifP5U0k5s=</latexit><latexit sha1_base64="2ZCsRKuHgEAyucu04nEWJoBR3FA=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6acdOJmFmUighf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kE6y+7T6cJL17IpTc6ZAi8QtSAUK/G+8Z390+xFJQio04VipjuvE2kux1IxwmpW7iaIxJiM8oB1DBQ6p8tJpvAwdG6WPgkiaJzSaqj83UhwqNQl9M5mHUfNeLv7ldRIdXHgpE3GiqSCzQ0HCkY5Q3hXqM0mJ5hNDMJHM/BWRIZaYaNNo2UR354MukuZpzXVq7u1ZpX5ZdFaCQziCKrhwDnW4hhtoAIExPMIzvFpP1ov1Zr3PRpesYucAfsH6/Aba3psU</latexit><latexit sha1_base64="2ZCsRKuHgEAyucu04nEWJoBR3FA=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6acdOJmFmUighf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kE6y+7T6cJL17IpTc6ZAi8QtSAUK/G+8Z390+xFJQio04VipjuvE2kux1IxwmpW7iaIxJiM8oB1DBQ6p8tJpvAwdG6WPgkiaJzSaqj83UhwqNQl9M5mHUfNeLv7ldRIdXHgpE3GiqSCzQ0HCkY5Q3hXqM0mJ5hNDMJHM/BWRIZaYaNNo2UR354MukuZpzXVq7u1ZpX5ZdFaCQziCKrhwDnW4hhtoAIExPMIzvFpP1ov1Zr3PRpesYucAfsH6/Aba3psU</latexit><latexit sha1_base64="2ZCsRKuHgEAyucu04nEWJoBR3FA=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6acdOJmFmUighf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kE6y+7T6cJL17IpTc6ZAi8QtSAUK/G+8Z390+xFJQio04VipjuvE2kux1IxwmpW7iaIxJiM8oB1DBQ6p8tJpvAwdG6WPgkiaJzSaqj83UhwqNQl9M5mHUfNeLv7ldRIdXHgpE3GiqSCzQ0HCkY5Q3hXqM0mJ5hNDMJHM/BWRIZaYaNNo2UR354MukuZpzXVq7u1ZpX5ZdFaCQziCKrhwDnW4hhtoAIExPMIzvFpP1ov1Zr3PRpesYucAfsH6/Aba3psU</latexit>

z(i)1
<latexit sha1_base64="qvY3yyJbBshdszN3PV6RiJ/s+Po=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFtLJPppB06mYSZiVhDfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rZXVtfWNzdJWeXtnd2/fPqi0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntONPrnO/80ClYpG409OYeiEeCRYwgrWRBnalH2I99oP0KRu492mNnWYDu+rUnRnQMnELUoUCzYH91R9GJAmp0IRjpXquE2svxVIzwmlW7ieKxphM8Ij2DBU4pMpLZ9kzdGKUIQoiaZ7QaKb+3khxqNQ09M1knlQtern4n9dLdHDppUzEiaaCzA8FCUc6QnkRaMgkJZpPDcFEMpMVkTGWmGhTV9mU4C5+eZm0z+quU3dvz6uNq6KOEhzBMdTAhQtowA00oQUEHuEZXuHNyqwX6936mI+uWMXOIfyB9fkDxguUPw==</latexit><latexit sha1_base64="lviJ8duwMlJtM7ZcorhbWDBfeaU=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4V7APaGCbTSTt0MgkzE7GG/IoLN/6KGxHd6dc4abPQ1oUHBg7n3Mudc/yYUals+9MoLS2vrK6V1ysbm1vbO+ZutS2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3yR+507IiSN+I2axMQN0ZDTgGKktOSZ1X6I1MgP0ofMc27TOj3KPLNmN+wprEXiFKQGBf437pkf/UGEk5BwhRmSsufYsXJTJBTFjGSVfiJJjPAYDUlPU45CIt10GjCzDrUysIJI6MeVNVV/bqQolHIS+noyjyPnvVz8y+slKjhzU8rjRBGOZ4eChFkqsvK2rAEVBCs20QRhQfVfLTxCAmGlO63o6M580EXSPm44dsO5Pqk1z4vOyrAPB1AHB06hCZdwBS3AcA+P8AyvxpPxYrwZ77PRklHs7MEvGF/fIN6buA==</latexit><latexit sha1_base64="lviJ8duwMlJtM7ZcorhbWDBfeaU=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4V7APaGCbTSTt0MgkzE7GG/IoLN/6KGxHd6dc4abPQ1oUHBg7n3Mudc/yYUals+9MoLS2vrK6V1ysbm1vbO+ZutS2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3yR+507IiSN+I2axMQN0ZDTgGKktOSZ1X6I1MgP0ofMc27TOj3KPLNmN+wprEXiFKQGBf437pkf/UGEk5BwhRmSsufYsXJTJBTFjGSVfiJJjPAYDUlPU45CIt10GjCzDrUysIJI6MeVNVV/bqQolHIS+noyjyPnvVz8y+slKjhzU8rjRBGOZ4eChFkqsvK2rAEVBCs20QRhQfVfLTxCAmGlO63o6M580EXSPm44dsO5Pqk1z4vOyrAPB1AHB06hCZdwBS3AcA+P8AyvxpPxYrwZ77PRklHs7MEvGF/fIN6buA==</latexit><latexit sha1_base64="lviJ8duwMlJtM7ZcorhbWDBfeaU=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4V7APaGCbTSTt0MgkzE7GG/IoLN/6KGxHd6dc4abPQ1oUHBg7n3Mudc/yYUals+9MoLS2vrK6V1ysbm1vbO+ZutS2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3yR+507IiSN+I2axMQN0ZDTgGKktOSZ1X6I1MgP0ofMc27TOj3KPLNmN+wprEXiFKQGBf437pkf/UGEk5BwhRmSsufYsXJTJBTFjGSVfiJJjPAYDUlPU45CIt10GjCzDrUysIJI6MeVNVV/bqQolHIS+noyjyPnvVz8y+slKjhzU8rjRBGOZ4eChFkqsvK2rAEVBCs20QRhQfVfLTxCAmGlO63o6M580EXSPm44dsO5Pqk1z4vOyrAPB1AHB06hCZdwBS3AcA+P8AyvxpPxYrwZ77PRklHs7MEvGF/fIN6buA==</latexit>

z(i)2
<latexit sha1_base64="ngBoaGIcjY4tg9mbM2TWAG/R0VI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyUpgi6LblxWsA9oY5hMJ+3QySTMTMQa8ituXCji1h9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bZTW1jc2t8rblZ3dvf0D87DalVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/vc793gMRkkb8Ts1i4oZozGlAMVJa8szqMERq4gfpU+Y179M6Pcs8s2Y37DmsVeIUpAYF2p75NRxFOAkJV5ghKQeOHSs3RUJRzEhWGSaSxAhP0ZgMNOUoJNJN59kz61QrIyuIhH5cWXP190aKQilnoa8n86Ry2cvF/7xBooJLN6U8ThTheHEoSJilIisvwhpRQbBiM00QFlRntfAECYSVrquiS3CWv7xKus2GYzec2/Na66qoowzHcAJ1cOACWnADbegAhkd4hld4MzLjxXg3PhajJaPYOYI/MD5/AMeVlEA=</latexit><latexit sha1_base64="7h4n3VOezViyLwQ9ru9QV4tQ4X4=">AAACIHicjVDLSsNAFL3xWesr1qWbwSLUTUmKoMuiG5cK9gFtDJPppB06eTAzEWvIr7hw46+4EdGdfo2TNgttXXhg4HDOvdw5x4s5k8qyPo2l5ZXVtfXSRnlza3tn19yrtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG1/kfueOCsmi8EZNYuoEeBgynxGstOSalX6A1cjz04fMbdymNXacuWbVqltToEViF6QKBf437pof/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSacAMHWllgPxI6BcqNFV/bqQ4kHISeHoyjyPnvVz8y+slyj9zUhbGiaIhmR3yE45UhPK20IAJShSfaIKJYPqviIywwETpTss6uj0fdJG0G3XbqtvXJ9XmedFZCQ7gEGpgwyk04RKuoAUE7uERnuHVeDJejDfjfTa6ZBQ7+/ALxtc3Io2buQ==</latexit><latexit sha1_base64="7h4n3VOezViyLwQ9ru9QV4tQ4X4=">AAACIHicjVDLSsNAFL3xWesr1qWbwSLUTUmKoMuiG5cK9gFtDJPppB06eTAzEWvIr7hw46+4EdGdfo2TNgttXXhg4HDOvdw5x4s5k8qyPo2l5ZXVtfXSRnlza3tn19yrtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG1/kfueOCsmi8EZNYuoEeBgynxGstOSalX6A1cjz04fMbdymNXacuWbVqltToEViF6QKBf437pof/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSacAMHWllgPxI6BcqNFV/bqQ4kHISeHoyjyPnvVz8y+slyj9zUhbGiaIhmR3yE45UhPK20IAJShSfaIKJYPqviIywwETpTss6uj0fdJG0G3XbqtvXJ9XmedFZCQ7gEGpgwyk04RKuoAUE7uERnuHVeDJejDfjfTa6ZBQ7+/ALxtc3Io2buQ==</latexit><latexit sha1_base64="7h4n3VOezViyLwQ9ru9QV4tQ4X4=">AAACIHicjVDLSsNAFL3xWesr1qWbwSLUTUmKoMuiG5cK9gFtDJPppB06eTAzEWvIr7hw46+4EdGdfo2TNgttXXhg4HDOvdw5x4s5k8qyPo2l5ZXVtfXSRnlza3tn19yrtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG1/kfueOCsmi8EZNYuoEeBgynxGstOSalX6A1cjz04fMbdymNXacuWbVqltToEViF6QKBf437pof/UFEkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKepiEOqHTSacAMHWllgPxI6BcqNFV/bqQ4kHISeHoyjyPnvVz8y+slyj9zUhbGiaIhmR3yE45UhPK20IAJShSfaIKJYPqviIywwETpTss6uj0fdJG0G3XbqtvXJ9XmedFZCQ7gEGpgwyk04RKuoAUE7uERnuHVeDJejDfjfTa6ZBQ7+/ALxtc3Io2buQ==</latexit>

z(j)2
<latexit sha1_base64="gvZYFiU0y8YYIp6CjyxXevMvo/8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4r2Ae0MUymk3bsZBJmJmIN+RU3LhRx64+482+ctFlo64GBwzn3cs8cP2ZUKtv+Nkorq2vrG+XNytb2zu6euV/tyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNefXOV+94EISSN+q6YxcUM04jSgGCkteWZ1ECI19oP0KfNO79L6/UnmmTW7Yc9gLROnIDUo0PLMr8EwwklIuMIMSdl37Fi5KRKKYkayyiCRJEZ4gkakrylHIZFuOsueWcdaGVpBJPTjypqpvzdSFEo5DX09mSeVi14u/uf1ExVcuCnlcaIIx/NDQcIsFVl5EdaQCoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jltOHbDuTmrNS+LOspwCEdQBwfOoQnX0II2YHiEZ3iFNyMzXox342M+WjKKnQP4A+PzB8kblEE=</latexit><latexit sha1_base64="PzV3+exMK0ayPa6ayeHYgx2XXSs=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyUpgi6Lblwq2Ae0NUymk3bsZBJmJmIN+RUXbvwVNyK6069x0mahrQsPDBzOuZc753gRo1LZ9qdRWFpeWV0rrpc2Nre2d8zdckuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vg889t3REga8ms1iUg/QENOfYqR0pJrlnsBUiPPTx5St36TVG+PUtes2DV7CmuRODmpQI7/jbvmR28Q4jggXGGGpOw6dqT6CRKKYkbSUi+WJEJ4jIakqylHAZH9ZBowtQ61MrD8UOjHlTVVf24kKJByEnh6Mosj571M/Mvrxso/7SeUR7EiHM8O+TGzVGhlbVkDKghWbKIJwoLqv1p4hATCSnda0tGd+aCLpFWvOXbNuTquNM7yzoqwDwdQBQdOoAEXcAlNwHAPj/AMr8aT8WK8Ge+z0YKR7+zBLxhf3yQ4m7o=</latexit><latexit sha1_base64="PzV3+exMK0ayPa6ayeHYgx2XXSs=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyUpgi6Lblwq2Ae0NUymk3bsZBJmJmIN+RUXbvwVNyK6069x0mahrQsPDBzOuZc753gRo1LZ9qdRWFpeWV0rrpc2Nre2d8zdckuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vg889t3REga8ms1iUg/QENOfYqR0pJrlnsBUiPPTx5St36TVG+PUtes2DV7CmuRODmpQI7/jbvmR28Q4jggXGGGpOw6dqT6CRKKYkbSUi+WJEJ4jIakqylHAZH9ZBowtQ61MrD8UOjHlTVVf24kKJByEnh6Mosj571M/Mvrxso/7SeUR7EiHM8O+TGzVGhlbVkDKghWbKIJwoLqv1p4hATCSnda0tGd+aCLpFWvOXbNuTquNM7yzoqwDwdQBQdOoAEXcAlNwHAPj/AMr8aT8WK8Ge+z0YKR7+zBLxhf3yQ4m7o=</latexit><latexit sha1_base64="PzV3+exMK0ayPa6ayeHYgx2XXSs=">AAACIHicjVDLSsNAFL2pr1pfsS7dBItQNyUpgi6Lblwq2Ae0NUymk3bsZBJmJmIN+RUXbvwVNyK6069x0mahrQsPDBzOuZc753gRo1LZ9qdRWFpeWV0rrpc2Nre2d8zdckuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vg889t3REga8ms1iUg/QENOfYqR0pJrlnsBUiPPTx5St36TVG+PUtes2DV7CmuRODmpQI7/jbvmR28Q4jggXGGGpOw6dqT6CRKKYkbSUi+WJEJ4jIakqylHAZH9ZBowtQ61MrD8UOjHlTVVf24kKJByEnh6Mosj571M/Mvrxso/7SeUR7EiHM8O+TGzVGhlbVkDKghWbKIJwoLqv1p4hATCSnda0tGd+aCLpFWvOXbNuTquNM7yzoqwDwdQBQdOoAEXcAlNwHAPj/AMr8aT8WK8Ge+z0YKR7+zBLxhf3yQ4m7o=</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit>
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The Model Zoo of Joint Embedding Architectures

• DINO
• BYOL
• VIC-Reg
• Info-NCE
• LeJEPA
• I-JEPA
• …

SSL pre-training dominates any and all 
“conventional” vision benchmarks (3D 
reconstruction, classification, segmentation, 
detection…)

We will talk about some of these in the 
lecture!



Conclusion: Representation Learning =  
Pre-training a model for later fine-tuning

Given a signal, extract a latent representation of it that is useful to 
downstream tasks.
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“ Creating noise from data is easy;  
creating data from noise is generative modeling
- Song et al. 2020

• Given samples from some distribution,  
learn to generate new samples

• In practice: learn to map noise to (images, audio, …)
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What will happen?



2013: VAEs

Auto-encoding Variational Bayes, Kingma et al. 2013
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2014: GANs

Generative Adversarial Networks, Goodfellow et al. 2014



GANs by 2019

LARGE SCALE GAN TRAINING FOR HIGH FIDELITY NATURAL IMAGE SYNTHESIS, Brock et al. 2019



VAEs by 2020

NVAE: A Deep Hierarchical Variational Autoencoder, Vahdat et al. 2020



2020: Diffusion 

Deep Unsupervised Learning using Nonequilibrium Thermodynamics, Sohl-Dickstein et al. 2015
Denoising Diffusion Probabilistic Models, Ho et al. 2006



2026: Some New Contenders

Deep Unsupervised Learning using Nonequilibrium Thermodynamics, Sohl-Dickstein et al. 2015
Denoising Diffusion Probabilistic Models, Ho et al. 2006



Lots of unique, new questions in GenAI land…

• Tokenization and latent diffusion: It matters which space you do 
generative modeling in
• Some evidence that representation learners (such as DINO) can help / 

improve image generation - but why…?
• Can we understand Diffusion Models and other generative models 

mechanistically, i.e. can we understand what they are doing under the 
hood? Can we model it?



Since 2022: Video Generative Models

Diffusion Probabilistic Modeling for Video Generation, Yang et al. 2022
Video Diffusion Models, Ho et al. 2022
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Since 2022: Video Generative Models

Diffusion Probabilistic Modeling for Video Generation, Yang et al. 2022
Video Diffusion Models, Ho et al. 2022
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Time must be treated differently than spatial dimensions!



Two paradigms of sequence modeling

Full-Sequence Diffusion Next-Token Prediction
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Diffusion 

Diffusion Forcing

Key Idea: Train the model to 
denoise frames with random 
combinations of noise levels!

Over time, the model sees every 
possible combination of noise 

levels

This generalizes both auto-
regressive sampling and  
full-sequence diffusion

[Chen et al. 2024, Song and Chen et al. 2024]



Diffusion Forcing (Chen et al., 2024)

=+

“Video-gen style”“LLM-style” “World Model”



Diffusion Forcing

compounding error 
(exposure bias)

consistency issues

Diffusion Forcing: Interactive, Long-Form World Model
Rollouts with an RNN

“Video-gen style”“LLM-style”



Diffusion Forcing

compounding error 
(exposure bias)

consistency issues

Diffusion Forcing: Interactive, Long-Form World Model
Rollouts with an RNN

“Video-gen style”“LLM-style”



Diffusion Forcing

consistency issues

Diffusion Forcing: Interactive, Long-Form World Model
Rollouts with an RNN

“Video-gen style”“LLM-style”

compounding error 
(exposure bias)



Diffusion Forcing

consistency issues

Diffusion Forcing: Interactive, Long-Form World Model
Rollouts with an RNN

“Video-gen style”“LLM-style”

compounding error 
(exposure bias)
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Trains an agent 
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world built with 
Diffusion 
Forcing

September 2025: DeepMind’s Dreamer 4
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What can and can these 
models not do?

Other means of making 
models stable, e.g. self-

forcing - what’s the key idea?



What can and can these 
models not do?

Other means of making 
models stable, e.g. self-

forcing - what’s the key idea?



Generative modeling: Just another pretext task 
for Representation Learning?
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V2(X)
<latexit sha1_base64="PDdTb7dqqBFzOLXOz8sXt9g5eOw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdOOygn1AG8JkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6W3u9x6pVCwWD3qWUC/CY8FCRrA2km9Xu36zPoywngRh1p9f+HbNaTgLoHXiFqQGBdq+/TUcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly2Cz9G5UUYojKV5QqOF+nsjw5FSsygwk3lEterl4n/eINXhtZcxkaSaCrI8FKYc6RjlLaARk5RoPjMEE8lMVkQmWGKiTVcVU4K7+uV10m02XKfh3l/WWjdFHWU4hTOogwtX0II7aEMHCKTwDK/wZj1ZL9a79bEcLVnFzgn8gfX5A+fykpc=</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit>

N

M C

N

M C

c

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

cg
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

V1(X)
<latexit sha1_base64="IC47gc+4tmdoBrstOPcaSJ59t5s=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdOOygn1AG8JkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6W3u9x6pVCwWD3qWUC/CY8FCRrA2km9Xu75bH0ZYT4Iw688vfLvmNJwF0DpxC1KDAm3f/hqOYpJGVGjCsVID10m0l2GpGeF0XhmmiiaYTPGYDgwVOKLKyxbB5+jcKCMUxtI8odFC/b2R4UipWRSYyTyiWvVy8T9vkOrw2suYSFJNBVkeClOOdIzyFtCISUo0nxmCiWQmKyITLDHRpquKKcFd/fI66V42XKfh3jdrrZuijjKcwhnUwYUraMEdtKEDBFJ4hld4s56sF+vd+liOlqxi5wT+wPr8AeZikpY=</latexit><latexit sha1_base64="GBZZvIJwtmemLWvN+CbWnfTyZos=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8d36IMJ6HIRZb3bm2zWn4cyBVolbkBoU+N+4b38MhjFJIyo04Vipvusk2suw1IxwOqsMUkUTTCZ4RPuGChxR5WXzdDN0apQhCmNpntBorv7cyHCk1DQKzGSeQy17ufiX1091eOllTCSppoIsDoUpRzpGeVVoyCQlmk8NwUQy81dExlhiok2hFRPdXQ66SjrnDddpuHfNWuuq6KwMx3ACdXDhAlpwA7fQBgIpPMIzvFpP1ov1Zr0vRktWsXMEv2B9fgMHr5oP</latexit><latexit sha1_base64="GBZZvIJwtmemLWvN+CbWnfTyZos=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8d36IMJ6HIRZb3bm2zWn4cyBVolbkBoU+N+4b38MhjFJIyo04Vipvusk2suw1IxwOqsMUkUTTCZ4RPuGChxR5WXzdDN0apQhCmNpntBorv7cyHCk1DQKzGSeQy17ufiX1091eOllTCSppoIsDoUpRzpGeVVoyCQlmk8NwUQy81dExlhiok2hFRPdXQ66SjrnDddpuHfNWuuq6KwMx3ACdXDhAlpwA7fQBgIpPMIzvFpP1ov1Zr0vRktWsXMEv2B9fgMHr5oP</latexit><latexit sha1_base64="GBZZvIJwtmemLWvN+CbWnfTyZos=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8d36IMJ6HIRZb3bm2zWn4cyBVolbkBoU+N+4b38MhjFJIyo04Vipvusk2suw1IxwOqsMUkUTTCZ4RPuGChxR5WXzdDN0apQhCmNpntBorv7cyHCk1DQKzGSeQy17ufiX1091eOllTCSppoIsDoUpRzpGeVVoyCQlmk8NwUQy81dExlhiok2hFRPdXQ66SjrnDddpuHfNWuuq6KwMx3ACdXDhAlpwA7fQBgIpPMIzvFpP1ov1Zr0vRktWsXMEv2B9fgMHr5oP</latexit>

V2(X)
<latexit sha1_base64="PDdTb7dqqBFzOLXOz8sXt9g5eOw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdOOygn1AG8JkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6W3u9x6pVCwWD3qWUC/CY8FCRrA2km9Xu36zPoywngRh1p9f+HbNaTgLoHXiFqQGBdq+/TUcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly2Cz9G5UUYojKV5QqOF+nsjw5FSsygwk3lEterl4n/eINXhtZcxkaSaCrI8FKYc6RjlLaARk5RoPjMEE8lMVkQmWGKiTVcVU4K7+uV10m02XKfh3l/WWjdFHWU4hTOogwtX0II7aEMHCKTwDK/wZj1ZL9a79bEcLVnFzgn8gfX5A+fykpc=</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit>

N
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Spatial
<latexit sha1_base64="G3X6Iki72j+IdsVVSoEmaYR2O7g=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmLiiexy0SPRi0eM8pHAhsyWAg3dbtN2TciGH+HFg8Z49fd4899YYA8KvqTpy3szmZkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1ZU2aiER3IjRMcMmallvBOkozjCPB2tHkdu63n5g2PJGPdqpYGONI8iGnaJ3UflDuR9EvV/yqvwBZJ0FOKpCj0S9/9QYJTWMmLRVoTDfwlQ0z1JZTwWalXmqYQjrBEes6KjFmJswW687IhVMGZJho96QlC/V3R4axMdM4cpUx2rFZ9ebif143tcPrMONSpZZJuhw0TAWxCZnfTgZcM2rF1BGkmrtdCR2jRmpdQiUXQrB68jpp1aqBXw3ua5X6TR5HEc7gHC4hgCuowx00oAkUJvAMr/DmKe/Fe/c+lqUFL+85hT/wPn8AVeePjA==</latexit><latexit sha1_base64="hTIJTVhsVYvURMjyS09gwa/lZu4=">AAACE3icjVC7TsMwFL0pr1JeBUYWiwqJqUq60LGChREEfUhtVDnuTWvVcSLbQaqifgQDC7/CghArCxt/g9tmgJaBK1k+Oudc2ecEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYyvZnr7AZXmsbw3kwT9iA4lDzmjxlLtu8TeVPTLFbfqzoesAi8HFcjnf/Z++bM3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXQsljVD72TzTlJxZZkDCWNkjDZmzPzcyGmk9iQLrjKgZ6WVtRv6ldVMT1v2MyyQ1KNnioTAVxMRkVhAZcIXMiIkFlClu/0rYiCrKjK2xZKN7y0FXQatW9dyqd1urNC7zzopwAqdwDh5cQAOu4QaawGAMj/AMr86T8+K8Oe8La8HJd47h1zgf3xP/lwU=</latexit><latexit sha1_base64="hTIJTVhsVYvURMjyS09gwa/lZu4=">AAACE3icjVC7TsMwFL0pr1JeBUYWiwqJqUq60LGChREEfUhtVDnuTWvVcSLbQaqifgQDC7/CghArCxt/g9tmgJaBK1k+Oudc2ecEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYyvZnr7AZXmsbw3kwT9iA4lDzmjxlLtu8TeVPTLFbfqzoesAi8HFcjnf/Z++bM3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXQsljVD72TzTlJxZZkDCWNkjDZmzPzcyGmk9iQLrjKgZ6WVtRv6ldVMT1v2MyyQ1KNnioTAVxMRkVhAZcIXMiIkFlClu/0rYiCrKjK2xZKN7y0FXQatW9dyqd1urNC7zzopwAqdwDh5cQAOu4QaawGAMj/AMr86T8+K8Oe8La8HJd47h1zgf3xP/lwU=</latexit><latexit sha1_base64="hTIJTVhsVYvURMjyS09gwa/lZu4=">AAACE3icjVC7TsMwFL0pr1JeBUYWiwqJqUq60LGChREEfUhtVDnuTWvVcSLbQaqifgQDC7/CghArCxt/g9tmgJaBK1k+Oudc2ecEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYyvZnr7AZXmsbw3kwT9iA4lDzmjxlLtu8TeVPTLFbfqzoesAi8HFcjnf/Z++bM3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXQsljVD72TzTlJxZZkDCWNkjDZmzPzcyGmk9iQLrjKgZ6WVtRv6ldVMT1v2MyyQ1KNnioTAVxMRkVhAZcIXMiIkFlClu/0rYiCrKjK2xZKN7y0FXQatW9dyqd1urNC7zzopwAqdwDh5cQAOu4QaawGAMj/AMr86T8+K8Oe8La8HJd47h1zgf3xP/lwU=</latexit>

imputation
<latexit sha1_base64="zxxsTS8ou5dm4po10KdmFcERQEY=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8Z0OgttPRA4nHMvueeEieDGet43Km1sbm3vlHcre/sHh0fV45OOiVNNWZvGIta9kBgmuGJty61gvUQzIkPBuuH0duF3n5g2PFYPdpawQJKx4hGnxDrpkcsktTkdVmte3cuB14lfkBoUaA2rX4NRTFPJlKWCGNP3vcQGGdGWU8HmlUFqWELolIxZ31FFJDNBll88xxdOGeEo1u4pi3P190ZGpDEzGbpJSezErHoL8T+vn9roOsi4crGYosuPolRgG+NFfDzimlErZo4Qqrm7FdMJ0YRaV1LFleCvRl4nnUbd9+r+faPWvCnqKMMZnMMl+HAFTbiDFrSBgoJneIU3ZNALekcfy9ESKnZO4Q/Q5w8P8ZEm</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit>

Channel
<latexit sha1_base64="tWIWHHin/ON2tWQ3QgbQzxkkg0s=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ejk4hETCyTQkO0yhQ3bbbO7NSENP8KLB43x6u/x5r9xgR4UfMkkL+/NZGZemAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW0UmmGPosEYnqhVSj4BJ9w43AXqqQxqHAbjhtLfzuEyrNE/loZikGMR1LHnFGjZW6rQmVEsWwWnPr7hJkk3gFqUGB9rD6NRglLItRGiao1n3PTU2QU2U4EzivDDKNKWVTOsa+pZLGqIN8ee6cXFllRKJE2ZKGLNXfEzmNtZ7Foe2MqZnodW8h/uf1MxPdBjmXaWZQstWiKBPEJGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXjrL2+STqPuuXXvoVFr3hVxlOECLuEaPLiBJtxDG3xgMIVneIU3J3VenHfnY9VacoqZc/gD5/MHNYePdw==</latexit><latexit sha1_base64="x96/qkGRnDxFdaiK2ITVoMxN0Hc=">AAACE3icjVC7SgNBFL0bXzG+opY2g0GwCrtpTBlMY6lgHpAsYXZyNxkyO7vMzAphyUdY2PgrNiK2Nnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjBpzv3OAyrNY3lvpgn6ER1JHnJGjZU6zTGVEsWgXHGr7gJknXg5qUCO/8UH5c/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4ubZuTCKkMSxso+achC/TmR0UjraRTYZETNWK96c/Evr5easO5nXCapQcmWi8JUEBOTeUFkyBUyI6aWUKa4/SthY6ooM7bGkj3dWz10nbRrVc+tene1SuM676wIZ3AOl+DBFTTgBm6hBQwm8AjP8Oo8OS/Om/O+jBacfOYUfsH5+Abwh5bw</latexit><latexit sha1_base64="x96/qkGRnDxFdaiK2ITVoMxN0Hc=">AAACE3icjVC7SgNBFL0bXzG+opY2g0GwCrtpTBlMY6lgHpAsYXZyNxkyO7vMzAphyUdY2PgrNiK2Nnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjBpzv3OAyrNY3lvpgn6ER1JHnJGjZU6zTGVEsWgXHGr7gJknXg5qUCO/8UH5c/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4ubZuTCKkMSxso+achC/TmR0UjraRTYZETNWK96c/Evr5easO5nXCapQcmWi8JUEBOTeUFkyBUyI6aWUKa4/SthY6ooM7bGkj3dWz10nbRrVc+tene1SuM676wIZ3AOl+DBFTTgBm6hBQwm8AjP8Oo8OS/Om/O+jBacfOYUfsH5+Abwh5bw</latexit><latexit sha1_base64="x96/qkGRnDxFdaiK2ITVoMxN0Hc=">AAACE3icjVC7SgNBFL0bXzG+opY2g0GwCrtpTBlMY6lgHpAsYXZyNxkyO7vMzAphyUdY2PgrNiK2Nnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjBpzv3OAyrNY3lvpgn6ER1JHnJGjZU6zTGVEsWgXHGr7gJknXg5qUCO/8UH5c/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4ubZuTCKkMSxso+achC/TmR0UjraRTYZETNWK96c/Evr5easO5nXCapQcmWi8JUEBOTeUFkyBUyI6aWUKa4/SthY6ooM7bGkj3dWz10nbRrVc+tene1SuM676wIZ3AOl+DBFTTgBm6hBQwm8AjP8Oo8OS/Om/O+jBacfOYUfsH5+Abwh5bw</latexit>

imputation
<latexit sha1_base64="zxxsTS8ou5dm4po10KdmFcERQEY=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8Z0OgttPRA4nHMvueeEieDGet43Km1sbm3vlHcre/sHh0fV45OOiVNNWZvGIta9kBgmuGJty61gvUQzIkPBuuH0duF3n5g2PFYPdpawQJKx4hGnxDrpkcsktTkdVmte3cuB14lfkBoUaA2rX4NRTFPJlKWCGNP3vcQGGdGWU8HmlUFqWELolIxZ31FFJDNBll88xxdOGeEo1u4pi3P190ZGpDEzGbpJSezErHoL8T+vn9roOsi4crGYosuPolRgG+NFfDzimlErZo4Qqrm7FdMJ0YRaV1LFleCvRl4nnUbd9+r+faPWvCnqKMMZnMMl+HAFTbiDFrSBgoJneIU3ZNALekcfy9ESKnZO4Q/Q5w8P8ZEm</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit>

Spatial
<latexit sha1_base64="G3X6Iki72j+IdsVVSoEmaYR2O7g=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmLiiexy0SPRi0eM8pHAhsyWAg3dbtN2TciGH+HFg8Z49fd4899YYA8KvqTpy3szmZkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1ZU2aiER3IjRMcMmallvBOkozjCPB2tHkdu63n5g2PJGPdqpYGONI8iGnaJ3UflDuR9EvV/yqvwBZJ0FOKpCj0S9/9QYJTWMmLRVoTDfwlQ0z1JZTwWalXmqYQjrBEes6KjFmJswW687IhVMGZJho96QlC/V3R4axMdM4cpUx2rFZ9ebif143tcPrMONSpZZJuhw0TAWxCZnfTgZcM2rF1BGkmrtdCR2jRmpdQiUXQrB68jpp1aqBXw3ua5X6TR5HEc7gHC4hgCuowx00oAkUJvAMr/DmKe/Fe/c+lqUFL+85hT/wPn8AVeePjA==</latexit><latexit sha1_base64="hTIJTVhsVYvURMjyS09gwa/lZu4=">AAACE3icjVC7TsMwFL0pr1JeBUYWiwqJqUq60LGChREEfUhtVDnuTWvVcSLbQaqifgQDC7/CghArCxt/g9tmgJaBK1k+Oudc2ecEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYyvZnr7AZXmsbw3kwT9iA4lDzmjxlLtu8TeVPTLFbfqzoesAi8HFcjnf/Z++bM3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXQsljVD72TzTlJxZZkDCWNkjDZmzPzcyGmk9iQLrjKgZ6WVtRv6ldVMT1v2MyyQ1KNnioTAVxMRkVhAZcIXMiIkFlClu/0rYiCrKjK2xZKN7y0FXQatW9dyqd1urNC7zzopwAqdwDh5cQAOu4QaawGAMj/AMr86T8+K8Oe8La8HJd47h1zgf3xP/lwU=</latexit><latexit sha1_base64="hTIJTVhsVYvURMjyS09gwa/lZu4=">AAACE3icjVC7TsMwFL0pr1JeBUYWiwqJqUq60LGChREEfUhtVDnuTWvVcSLbQaqifgQDC7/CghArCxt/g9tmgJaBK1k+Oudc2ecEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYyvZnr7AZXmsbw3kwT9iA4lDzmjxlLtu8TeVPTLFbfqzoesAi8HFcjnf/Z++bM3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXQsljVD72TzTlJxZZkDCWNkjDZmzPzcyGmk9iQLrjKgZ6WVtRv6ldVMT1v2MyyQ1KNnioTAVxMRkVhAZcIXMiIkFlClu/0rYiCrKjK2xZKN7y0FXQatW9dyqd1urNC7zzopwAqdwDh5cQAOu4QaawGAMj/AMr86T8+K8Oe8La8HJd47h1zgf3xP/lwU=</latexit><latexit sha1_base64="hTIJTVhsVYvURMjyS09gwa/lZu4=">AAACE3icjVC7TsMwFL0pr1JeBUYWiwqJqUq60LGChREEfUhtVDnuTWvVcSLbQaqifgQDC7/CghArCxt/g9tmgJaBK1k+Oudc2ecEieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYyvZnr7AZXmsbw3kwT9iA4lDzmjxlLtu8TeVPTLFbfqzoesAi8HFcjnf/Z++bM3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXQsljVD72TzTlJxZZkDCWNkjDZmzPzcyGmk9iQLrjKgZ6WVtRv6ldVMT1v2MyyQ1KNnioTAVxMRkVhAZcIXMiIkFlClu/0rYiCrKjK2xZKN7y0FXQatW9dyqd1urNC7zzopwAqdwDh5cQAOu4QaawGAMj/AMr86T8+K8Oe8La8HJd47h1zgf3xP/lwU=</latexit>

imputation
<latexit sha1_base64="zxxsTS8ou5dm4po10KdmFcERQEY=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8Z0OgttPRA4nHMvueeEieDGet43Km1sbm3vlHcre/sHh0fV45OOiVNNWZvGIta9kBgmuGJty61gvUQzIkPBuuH0duF3n5g2PFYPdpawQJKx4hGnxDrpkcsktTkdVmte3cuB14lfkBoUaA2rX4NRTFPJlKWCGNP3vcQGGdGWU8HmlUFqWELolIxZ31FFJDNBll88xxdOGeEo1u4pi3P190ZGpDEzGbpJSezErHoL8T+vn9roOsi4crGYosuPolRgG+NFfDzimlErZo4Qqrm7FdMJ0YRaV1LFleCvRl4nnUbd9+r+faPWvCnqKMMZnMMl+HAFTbiDFrSBgoJneIU3ZNALekcfy9ESKnZO4Q/Q5w8P8ZEm</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit><latexit sha1_base64="nh5Q2O2JN0XJD8GVGEmZ2c0UVQo=">AAACFnicjVDLSgMxFL3xWeur6tJNsAiuykw3uiy6calgH9gOJZNm2tAkMyQZoQz9Cxdu/BU3Im7FnX9jOp2Fti48EDiccy8354SJ4MZ63hdaWV1b39gsbZW3d3b39isHhy0Tp5qyJo1FrDshMUxwxZqWW8E6iWZEhoK1w/HVzG8/MG14rO7sJGGBJEPFI06JddI9l0lqc9qvVL2alwMvE78gVSjwv/F+5bM3iGkqmbJUEGO6vpfYICPacirYtNxLDUsIHZMh6zqqiGQmyPJYU3zqlAGOYu2esjhXf25kRBozkaGblMSOzKI3E//yuqmNLoKMK5edKTo/FKUC2xjPOsIDrhm1YuIIoZq7v2I6IppQ65osu+j+YtBl0qrXfK/m39arjcuisxIcwwmcgQ/n0IBruIEmUFDwCM/wip7QC3pD7/PRFVTsHMEvoI9vBWSYnw==</latexit>

c

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

cg
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

V1(X)
<latexit sha1_base64="IC47gc+4tmdoBrstOPcaSJ59t5s=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdOOygn1AG8JkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6W3u9x6pVCwWD3qWUC/CY8FCRrA2km9Xu75bH0ZYT4Iw688vfLvmNJwF0DpxC1KDAm3f/hqOYpJGVGjCsVID10m0l2GpGeF0XhmmiiaYTPGYDgwVOKLKyxbB5+jcKCMUxtI8odFC/b2R4UipWRSYyTyiWvVy8T9vkOrw2suYSFJNBVkeClOOdIzyFtCISUo0nxmCiWQmKyITLDHRpquKKcFd/fI66V42XKfh3jdrrZuijjKcwhnUwYUraMEdtKEDBFJ4hld4s56sF+vd+liOlqxi5wT+wPr8AeZikpY=</latexit><latexit sha1_base64="GBZZvIJwtmemLWvN+CbWnfTyZos=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8d36IMJ6HIRZb3bm2zWn4cyBVolbkBoU+N+4b38MhjFJIyo04Vipvusk2suw1IxwOqsMUkUTTCZ4RPuGChxR5WXzdDN0apQhCmNpntBorv7cyHCk1DQKzGSeQy17ufiX1091eOllTCSppoIsDoUpRzpGeVVoyCQlmk8NwUQy81dExlhiok2hFRPdXQ66SjrnDddpuHfNWuuq6KwMx3ACdXDhAlpwA7fQBgIpPMIzvFpP1ov1Zr0vRktWsXMEv2B9fgMHr5oP</latexit><latexit sha1_base64="GBZZvIJwtmemLWvN+CbWnfTyZos=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8d36IMJ6HIRZb3bm2zWn4cyBVolbkBoU+N+4b38MhjFJIyo04Vipvusk2suw1IxwOqsMUkUTTCZ4RPuGChxR5WXzdDN0apQhCmNpntBorv7cyHCk1DQKzGSeQy17ufiX1091eOllTCSppoIsDoUpRzpGeVVoyCQlmk8NwUQy81dExlhiok2hFRPdXQ66SjrnDddpuHfNWuuq6KwMx3ACdXDhAlpwA7fQBgIpPMIzvFpP1ov1Zr0vRktWsXMEv2B9fgMHr5oP</latexit><latexit sha1_base64="GBZZvIJwtmemLWvN+CbWnfTyZos=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuimJFHRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8d36IMJ6HIRZb3bm2zWn4cyBVolbkBoU+N+4b38MhjFJIyo04Vipvusk2suw1IxwOqsMUkUTTCZ4RPuGChxR5WXzdDN0apQhCmNpntBorv7cyHCk1DQKzGSeQy17ufiX1091eOllTCSppoIsDoUpRzpGeVVoyCQlmk8NwUQy81dExlhiok2hFRPdXQ66SjrnDddpuHfNWuuq6KwMx3ACdXDhAlpwA7fQBgIpPMIzvFpP1ov1Zr0vRktWsXMEv2B9fgMHr5oP</latexit>

V2(X)
<latexit sha1_base64="PDdTb7dqqBFzOLXOz8sXt9g5eOw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdOOygn1AG8JkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxxW7aPjropTSWiHxDyW/QArypmgHc00p/1EUhwFnPaC6W3u9x6pVCwWD3qWUC/CY8FCRrA2km9Xu36zPoywngRh1p9f+HbNaTgLoHXiFqQGBdq+/TUcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly2Cz9G5UUYojKV5QqOF+nsjw5FSsygwk3lEterl4n/eINXhtZcxkaSaCrI8FKYc6RjlLaARk5RoPjMEE8lMVkQmWGKiTVcVU4K7+uV10m02XKfh3l/WWjdFHWU4hTOogwtX0II7aEMHCKTwDK/wZj1ZL9a79bEcLVnFzgn8gfX5A+fykpc=</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit><latexit sha1_base64="7JRX0Et5aQq/zEpCWNKt/rUATaM=">AAACHXicjVDLSsNAFL2pr1ofjbp0M1iEuilJEXRZdONSwT6gDWEynbRDJ5MwMxFK6Je4cOOvuBFx4Ub8GydtFtq68MDA4Zx7uXNOkHCmtON8WaW19Y3NrfJ2ZWd3b79qHxx2VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMrnO/+0ClYrG419OEehEeCRYygrWRfLva8Zv1QYT1OAiz3uzMt2tOw5kDrRK3IDUo8L9x3/4YDGOSRlRowrFSfddJtJdhqRnhdFYZpIommEzwiPYNFTiiysvm6Wbo1ChDFMbSPKHRXP25keFIqWkUmMk8h1r2cvEvr5/q8NLLmEhSTQVZHApTjnSM8qrQkElKNJ8agolk5q+IjLHERJtCKya6uxx0lXSaDddpuHfntdZV0VkZjuEE6uDCBbTgBm6hDQRSeIRneLWerBfrzXpfjJasYucIfsH6/AYJZJoQ</latexit>

N

M C

N

M C

Pretext task:
<latexit sha1_base64="VMeuvc2vfyA+AHAzkYocCSFdoSw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHZzUTwFvXiMYB6QLGF20psMmX0w0ysuS/wVLx4U8eqHePNvnCR70MSChqKqm+4uP5FCo+N8W2vrG5tb26Wd8u7e/sGhfXTc1nGqOLR4LGPV9ZkGKSJooUAJ3UQBC30JHX9yM/M7D6C0iKN7zBLwQjaKRCA4QyMN7Ere9wPaVIDwiBSZnkyvBnbVqTlz0FXiFqRKCjQH9ld/GPM0hAi5ZFr3XCdBL2cKBZcwLfdTDQnjEzaCnqERC0F7+fz4KT0zypAGsTIVIZ2rvydyFmqdhb7pDBmO9bI3E//zeikGl14uoiRFiPhiUZBKijGdJUGHQgFHmRnCuBLmVsrHTDGOJq+yCcFdfnmVtOs116m5d/Vq47qIo0ROyCk5Jy65IA1yS5qkRTjJyDN5JW/Wk/VivVsfi9Y1q5ipkD+wPn8AbtqUnA==</latexit><latexit sha1_base64="fnleugXJCTQ80HYdhUMPkE4rjgg=">AAACIXicjVC7SgNBFJ2NrxhfqyltBoNgFXbTKFZBG8sI5gHJEmYnd5Mhsw9m7orLkm+xsPFXbETSiT/j5FFoYuGBgcM553LnHj+RQqPjfFqFjc2t7Z3ibmlv/+DwyD4+aek4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vp357UdQWsTRA2YJeCEbRiIQnKGR+nY57/kBbShAeEKKTI8n13274lSdOeg6cZekQpb4X7xvT3uDmKchRMgl07rrOgl6OVMouIRJqZdqSBgfsyF0DY1YCNrL5xdO6LlRBjSIlXkR0rn6cyJnodZZ6JtkyHCkV72Z+JfXTTG48nIRJSlCxBeLglRSjOmsLjoQCjjKzBDGlTB/pXzEFONoSi2Z093VQ9dJq1Z1nap7X6vUb5adFckpOSMXxCWXpE7uSIM0CScZeSav5N16sd6sD2u6iBas5UyZ/IL19Q3WDJwV</latexit><latexit sha1_base64="fnleugXJCTQ80HYdhUMPkE4rjgg=">AAACIXicjVC7SgNBFJ2NrxhfqyltBoNgFXbTKFZBG8sI5gHJEmYnd5Mhsw9m7orLkm+xsPFXbETSiT/j5FFoYuGBgcM553LnHj+RQqPjfFqFjc2t7Z3ibmlv/+DwyD4+aek4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vp357UdQWsTRA2YJeCEbRiIQnKGR+nY57/kBbShAeEKKTI8n13274lSdOeg6cZekQpb4X7xvT3uDmKchRMgl07rrOgl6OVMouIRJqZdqSBgfsyF0DY1YCNrL5xdO6LlRBjSIlXkR0rn6cyJnodZZ6JtkyHCkV72Z+JfXTTG48nIRJSlCxBeLglRSjOmsLjoQCjjKzBDGlTB/pXzEFONoSi2Z093VQ9dJq1Z1nap7X6vUb5adFckpOSMXxCWXpE7uSIM0CScZeSav5N16sd6sD2u6iBas5UyZ/IL19Q3WDJwV</latexit><latexit sha1_base64="fnleugXJCTQ80HYdhUMPkE4rjgg=">AAACIXicjVC7SgNBFJ2NrxhfqyltBoNgFXbTKFZBG8sI5gHJEmYnd5Mhsw9m7orLkm+xsPFXbETSiT/j5FFoYuGBgcM553LnHj+RQqPjfFqFjc2t7Z3ibmlv/+DwyD4+aek4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vp357UdQWsTRA2YJeCEbRiIQnKGR+nY57/kBbShAeEKKTI8n13274lSdOeg6cZekQpb4X7xvT3uDmKchRMgl07rrOgl6OVMouIRJqZdqSBgfsyF0DY1YCNrL5xdO6LlRBjSIlXkR0rn6cyJnodZZ6JtkyHCkV72Z+JfXTTG48nIRJSlCxBeLglRSjOmsLjoQCjjKzBDGlTB/pXzEFONoSi2Z093VQ9dJq1Z1nap7X6vUb5adFckpOSMXxCWXpE7uSIM0CScZeSav5N16sd6sD2u6iBas5UyZ/IL19Q3WDJwV</latexit>

Model
<latexit sha1_base64="+SaVgX3eFnsMCZb8X4f56/F1Dwo=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCswl0aLYM2NkIE8wFJDHt7c8mSvb1jd04NR/6HjYUitv4XO/+Nm+QKTXww8Hhvhpl5fiKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08Sp5tDgsYx122cGpFDQQIES2okGFvkSWv7oauq3HkAbEas7HCfQi9hAiVBwhla67yI8oR9mN3EActIvld2KOwNdJl5OyiRHvV/66gYxTyNQyCUzpuO5CfYyplFwCZNiNzWQMD5iA+hYqlgEppfNrp7QU6sENIy1LYV0pv6eyFhkzDjybWfEcGgWvan4n9dJMbzoZUIlKYLi80VhKinGdBoBDYQGjnJsCeNa2FspHzLNONqgijYEb/HlZdKsVjy34t1Wy7XLPI4COSYn5Ix45JzUyDWpkwbhRJNn8krenEfnxXl3PuatK04+c0T+wPn8AQhoktY=</latexit><latexit sha1_base64="Vgd8Z62m1MuJeUWmdtpbF+YPPsY=">AAACGnicjVC7SgNBFJ31GeMramkzGASrsJtGy6CNjaBgHpDEMDt7NxkyO7vM3BXDkv+wsPFXbETsxMa/cZJsoYmFBwYO55zLnXv8RAqDrvvlLC2vrK6tFzaKm1vbO7ulvf2GiVPNoc5jGeuWzwxIoaCOAiW0Eg0s8iU0/eHFxG/egzYiVrc4SqAbsb4SoeAMrXTXQXhAP8yu4gDkuFcquxV3CrpIvJyUSY7/xXulj04Q8zQChVwyY9qem2A3YxoFlzAudlIDCeND1oe2pYpFYLrZ9LQxPbZKQMNY26eQTtWfExmLjBlFvk1GDAdm3puIf3ntFMOzbiZUkiIoPlsUppJiTCc90UBo4ChHljCuhf0r5QOmGUfbZtGe7s0fukga1YrnVrybarl2nndWIIfkiJwQj5ySGrkk16ROONHkkTyTV+fJeXHenPdZdMnJZw7ILzif3zcXmk8=</latexit><latexit sha1_base64="Vgd8Z62m1MuJeUWmdtpbF+YPPsY=">AAACGnicjVC7SgNBFJ31GeMramkzGASrsJtGy6CNjaBgHpDEMDt7NxkyO7vM3BXDkv+wsPFXbETsxMa/cZJsoYmFBwYO55zLnXv8RAqDrvvlLC2vrK6tFzaKm1vbO7ulvf2GiVPNoc5jGeuWzwxIoaCOAiW0Eg0s8iU0/eHFxG/egzYiVrc4SqAbsb4SoeAMrXTXQXhAP8yu4gDkuFcquxV3CrpIvJyUSY7/xXulj04Q8zQChVwyY9qem2A3YxoFlzAudlIDCeND1oe2pYpFYLrZ9LQxPbZKQMNY26eQTtWfExmLjBlFvk1GDAdm3puIf3ntFMOzbiZUkiIoPlsUppJiTCc90UBo4ChHljCuhf0r5QOmGUfbZtGe7s0fukga1YrnVrybarl2nndWIIfkiJwQj5ySGrkk16ROONHkkTyTV+fJeXHenPdZdMnJZw7ILzif3zcXmk8=</latexit><latexit sha1_base64="Vgd8Z62m1MuJeUWmdtpbF+YPPsY=">AAACGnicjVC7SgNBFJ31GeMramkzGASrsJtGy6CNjaBgHpDEMDt7NxkyO7vM3BXDkv+wsPFXbETsxMa/cZJsoYmFBwYO55zLnXv8RAqDrvvlLC2vrK6tFzaKm1vbO7ulvf2GiVPNoc5jGeuWzwxIoaCOAiW0Eg0s8iU0/eHFxG/egzYiVrc4SqAbsb4SoeAMrXTXQXhAP8yu4gDkuFcquxV3CrpIvJyUSY7/xXulj04Q8zQChVwyY9qem2A3YxoFlzAudlIDCeND1oe2pYpFYLrZ9LQxPbZKQMNY26eQTtWfExmLjBlFvk1GDAdm3puIf3ntFMOzbiZUkiIoPlsUppJiTCc90UBo4ChHljCuhf0r5QOmGUfbZtGe7s0fukga1YrnVrybarl2nndWIIfkiJwQj5ySGrkk16ROONHkkTyTV+fJeXHenPdZdMnJZw7ILzif3zcXmk8=</latexit>

schematic:
<latexit sha1_base64="PG201bI2ZQH8VzuO/oTeums+Nnc=">AAAB/HicbVC7TsMwFL3hWcor0JElokJiqpIuIKYKFsYi0YfURpXj3rRWHSeyHUQUlV9hYQAhVj6Ejb/BbTNAy5EsHZ1zr318goQzpV3321pb39jc2i7tlHf39g8O7aPjtopTSbFFYx7LbkAUciawpZnm2E0kkijg2AkmNzO/84BSsVjc6yxBPyIjwUJGiTbSwK70NT7qIMwVHWNkRDq9GthVt+bO4awSryBVKNAc2F/9YUzTCIWmnCjV89xE+zmR5jqO03I/VZgQOiEj7BkqSITKz+fhp86ZUYZOGEtzhHbm6u+NnERKZVFgJk2+sVr2ZuJ/Xi/V4aWfM5GkGgVdPBSm3NGxM2vCGTKJVPPMEEIlM1kdOiaSUG36KpsSvOUvr5J2vea5Ne+uXm1cF3WU4ARO4Rw8uIAG3EITWkAhg2d4hTfryXqx3q2PxeiaVexU4A+szx9a2ZUz</latexit><latexit sha1_base64="6/G0Va76J+KyjTGkSgyBNkJ/Pdc=">AAACIXicjVDLSsNAFL3xWesr2qWbYBFclaQbxVXRjUsF+4A2lMn0ph06mYSZiRhCv8WFG3/FjUh34s84bbPQ1oUHBg7n3Mudc4KEM6Vd99NaW9/Y3Nou7ZR39/YPDu2j45aKU0mxSWMey05AFHImsKmZ5thJJJIo4NgOxjczv/2IUrFYPOgsQT8iQ8FCRok2Ut+u9DQ+6SDMFR1hZEQ6uerbVbfmzuGsEq8gVSjwv/G+Pe0NYppGKDTlRKmu5ybaz4k0NzlOyr1UYULomAyxa6ggESo/nyecOGdGGThhLM0T2pmrPzdyEimVRYGZNCFGatmbiX953VSHl37ORJJqFHRxKEy5o2NnVpczYBKp5pkhhEpm/urQEZGEalNq2UT3loOukla95rk1775ebVwXnZXgBE7hHDy4gAbcwh00gUIGz/AK79aL9WZ9WNPF6JpV7FTgF6yvb9fenKw=</latexit><latexit sha1_base64="6/G0Va76J+KyjTGkSgyBNkJ/Pdc=">AAACIXicjVDLSsNAFL3xWesr2qWbYBFclaQbxVXRjUsF+4A2lMn0ph06mYSZiRhCv8WFG3/FjUh34s84bbPQ1oUHBg7n3Mudc4KEM6Vd99NaW9/Y3Nou7ZR39/YPDu2j45aKU0mxSWMey05AFHImsKmZ5thJJJIo4NgOxjczv/2IUrFYPOgsQT8iQ8FCRok2Ut+u9DQ+6SDMFR1hZEQ6uerbVbfmzuGsEq8gVSjwv/G+Pe0NYppGKDTlRKmu5ybaz4k0NzlOyr1UYULomAyxa6ggESo/nyecOGdGGThhLM0T2pmrPzdyEimVRYGZNCFGatmbiX953VSHl37ORJJqFHRxKEy5o2NnVpczYBKp5pkhhEpm/urQEZGEalNq2UT3loOukla95rk1775ebVwXnZXgBE7hHDy4gAbcwh00gUIGz/AK79aL9WZ9WNPF6JpV7FTgF6yvb9fenKw=</latexit><latexit sha1_base64="6/G0Va76J+KyjTGkSgyBNkJ/Pdc=">AAACIXicjVDLSsNAFL3xWesr2qWbYBFclaQbxVXRjUsF+4A2lMn0ph06mYSZiRhCv8WFG3/FjUh34s84bbPQ1oUHBg7n3Mudc4KEM6Vd99NaW9/Y3Nou7ZR39/YPDu2j45aKU0mxSWMey05AFHImsKmZ5thJJJIo4NgOxjczv/2IUrFYPOgsQT8iQ8FCRok2Ut+u9DQ+6SDMFR1hZEQ6uerbVbfmzuGsEq8gVSjwv/G+Pe0NYppGKDTlRKmu5ybaz4k0NzlOyr1UYULomAyxa6ggESo/nyecOGdGGThhLM0T2pmrPzdyEimVRYGZNCFGatmbiX953VSHl37ORJJqFHRxKEy5o2NnVpczYBKp5pkhhEpm/urQEZGEalNq2UT3loOukla95rk1775ebVwXnZXgBE7hHDy4gAbcwh00gUIGz/AK79aL9WZ9WNPF6JpV7FTgF6yvb9fenKw=</latexit>

Foundations of Computer Vision Torralba, Isola, Freeman 2024



While latent representations of generative models have 
some info, they fall far behind of dedicated SSL systems

Zhang et al., A Tale of Two Features: Stable Diffusion Complements DINO for Zero-Shot Semantic Correspondence, 2023

Are generative models bad representation learners?



Let’s take some inspiration from NLP…

• In NLP, any and all benchmarks are now dominated by fine-tuned LLMs.
• LLMs are just a generative model: the split into representation learning / 

generative modeling does not exist!
• This is not the case in vision: there is seemingly no one-size-fits-all 

generative model we can train that solves all the vision tasks (3D 
reconstruction, classification, video generation, image editing…)
• Let’s reflect on that.



One Possibility: we are testing for the wrong thing

Ross Girshick

AI2
CV 20/20 Retrospective Vision  Workshop, CVPR 2024



NLP circa 1999
words

syntax
(parsing)

semantics

pragmatics

1st edition

Comp.
linguistics

AI

Source: Ross Girshick, the Parable of the Parser



NLP today has transform(er)ed

3rd edition The book is now 40% shorter

Neural networks, LMs,
transformers, and LLMs

Misc. other stuff
(including parsing)

Source: Ross Girshick, the Parable of the Parser



1999 à 2024: What happened to parsing?

“In the early history of NLP these structures [parses] 
were an intermediate step toward deeper language 
processing.

Source: Ross Girshick, the Parable of the Parser



1999 à 2024: What happened to parsing?

“In the early history of NLP these structures [parses] 
were an intermediate step toward deeper language 
processing.

In modern NLP, we don’t generally make explicit use 
of parse or other structures inside the neural language 
models [...], or directly in applications like those we 
discussed in Part II.

- Jurafsky & Martin

Source: Ross Girshick, the Parable of the Parser



NLP circa 1999
(sub)words

syntax
(parsing)

semantics

pragmatics

1st edition

LLMs

Source: Ross Girshick, the Parable of the Parser



NLP circa 1999

1st edition

Fake Ta
sks

Real Tasks

(sub)words

syntax
(parsing)

semantics

pragmatics

LLMs

Source: Ross Girshick, the Parable of the Parser



If your end goals are 
chat, MT, etc., then 
do not build a parser.

(Of course, if your end goal is to 
have a parser, then build a parser. 
But likely you will do this with an 
LLM anyway.)

Source: Ross Girshick, the Parable of the Parser



What are the “parsers” of computer vision?
• Before we answer this question, take a step back

• We need to understand what our real tasks are

• Let’s study the rise of LLMs
• What lessons can we learn?

Source: Ross Girshick, the Parable of the Parser



Why are LLMs so successful?
• Real tasks are text generation tasks

• High societal and economic value
• Universality: can do POS tagging, parsing, 

etc. as text generation (if you really want to)

NLP circa 2024 NLP circa 1999

Fake Tasks

Real Tasks
Source: Ross Girshick, the Parable of the Parser



Why are LLMs so successful?
• Real tasks are text generation tasks

• High societal and economic value
• Universality: can do POS tagging, parsing, 

etc. as text generation (if you really want to)
• Text generation is all you need

NLP circa 2024 NLP circa 1999

Fake Tasks

Real Tasks
Source: Ross Girshick, the Parable of the Parser



Why are LLMs so successful?
• Real tasks are text generation tasks

• High societal and economic value
• Universality: can do POS tagging, parsing, 

etc. as text generation (if you really want to)
• Text generation is all you need
• But wait, there’s more!

What if I told you:
• High-quality data is abundant
• The test task = the training task
• Training is basically supervised

NLP circa 2024 NLP circa 1999

Fake Tasks

Real Tasks
Source: Ross Girshick, the Parable of the Parser



What are the real tasks of computer vision?

• Caveat: focusing on recognition-y things, not 3D-y things

• Q1: Who benefits from CV?
• A1: Those who cannot see
• People with low or no vision

• Real task = open-ended visual QA about the real world
• In general, AI agents operating in visual environments

• Real tasks = 
• Robots: “cook me dinner”, “fold my laundry”, “wash my dishes”, …
• Internet agents: “shop for my climbing shoes at a good sale price”, …
• …

Source: Ross Girshick, the Parable of the Parser



Vincent’s (Current) Hot Take
• A major chunk of vision problems (3D reconstruction, segmentation, classification, tracking…) 

were motivated by robotics
• But robotic’s input-output behavior is: video in, actions out
• Hence, as a corollary to the bitter lesson, 3D and other “intermediate representations” may 

be unnecessary
• Another “real task” in vision is question answering: helping humans disseminate videos 

quickly in language
• VLMs have “solved” this for natural language
• Similarly, no 3D reconstruction, segmentation, classification etc were necessary here

• Further reading: 
• My blog post: https://www.vincentsitzmann.com/blog/bitter_lesson_of_cv/
• Ross Girshick’s “Parable of the Parser”:  

https://drive.google.com/file/d/1VodGljuEhBKwZIXQwN-ApH6g2wBAVAdK/view

https://www.vincentsitzmann.com/blog/bitter_lesson_of_cv/
https://drive.google.com/file/d/1VodGljuEhBKwZIXQwN-ApH6g2wBAVAdK/view


Does it make sense to ask “Do these models understand 3D” 
or “How can we use these for segmentation”? Does it matter? 
What are the “real tasks” in vision?

In this context: Video Generative Models



Does it make sense to ask “Do these models understand 3D” 
or “How can we use these for segmentation”? Does it matter? 
What are the “real tasks” in vision?

In this context: Video Generative Models



Does it make sense to ask “Do these models understand 3D” 
or “How can we use these for segmentation”? Does it matter? 
What are the “real tasks” in vision?

In this context: Video Generative Models

Sources: Runway, OpenAI



While latent representations of generative models have 
some info, they fall far behind of dedicated SSL systems

Zhang et al., A Tale of Two Features: Stable Diffusion Complements DINO for Zero-Shot Semantic Correspondence, 2023

Are generative models bad representation learners?



The Large Video Planner (Chen et al. 2025)

“Close the Laptop”



The Large Video Planner (Chen et al. 2025)

“Close the Laptop”

Clearly, we checked the box of “Useful to Downstream Task”!
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Good representations are: 

1. Compact (minimal) 

2. Explanatory (sufficient) 

3. Disentangled (independent factors) 

4. Equivariant (transform predictably) 

5. Interpretable 

6. Make subsequent problem solving easy 

7. …? [See “Representation Learning”, Bengio 2013, for more commentary]

What Makes a Good Representation?

Foundations of Computer Vision Torralba, Isola, Freeman 2024

Perhaps these do not 
matter…

…and only this one matters.



The rest of this module

• Two lectures by Peter Holderrieth on the fundamentals of flow matching 
and diffusion
• Then three lectures by Vincent going deeper on image diffusion, as well 

as sequence generation
• Then one lecture on self-supervised learning and latent world models
• Finally a guest lecture by Mathilde Caron on her work on image-based 

SSL


